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Introduction to Component 1: Large Marine Ecosystem Activities 

The International Council for the Exploration of the Sea (ICES) is an intergovernmental marine science organization which, since its foundation in 1902, has consistently recognized the mutual interdependence of the living marine resources and their physical and chemical environment. Although the Council's original statutes have undergone occasional modification to adjust for changing conditions, challenges, and priorities, its main focus has continued to be on international cooperative studies. ICES is a leading forum for the promotion and coordination of research, and dissemination of research findings on the physical, chemical, and biological systems in the North Atlantic, including the Baltic Sea. ICES also provides advice on human impact on the North Atlantic environment, in particular fisheries effects in the Northeast Atlantic and the Baltic. In support of these activities, ICES facilitates data and information exchange through publications and meetings, in addition to functioning as a marine data centre for oceanographic, environmental, and fisheries data. ICES works with experts from its 19 member countries and collaborates with more than 40 international organizations throughout the world, some of which hold scientific observer status. 

Since the 1970s, a major task for ICES has involved the provision of scientific information and advice in response to requests by international and regional regulatory commissions
, and the governments of its Member Countries
, for purposes of fisheries conservation and the protection of the marine environment. This advice is first reviewed by the Advisory Committee on Fishery Management, (ACFM), the Advisory Committee on the Marine Environment, (ACME), or the Advisory Committee on Ecosystems (ACE). ACE was recently established in order to meet the increasing need for advice on the ecosystem level.

During 1999 ICES was charged with the preparation and coordination of a Baltic Sea Regional Project dealing with the Baltic Sea Large Marine Ecosystem. The first initiative to a Baltic Sea Regional Project were launched by some of the eastern Baltic countries after the dissolution of the Soviet Union. In several of these countries discussions were held among marine scientists how they could achieve economic and collegial help to improve their international work and to up-grade their laboratory and research vessel equipment. In 1995 a workshop were held in Gdynia, Poland, to discuss a possible GEF application for financial support for a series of marine scientific activities. It was first during 1997 the planning for a regional project took a more substantial form through a series of meetings with key persons from HELCOM, IBSFC, ICES, World Bank, and some national laboratory directors. The task to compile a draft proposal for a GEF PDF Block B document was given HELCOM. Supported by key persons from NOAA and some regional laboratories. A small working group composed of representatives from the mentioned organizations produced, agreed on and submitted this document to the GEF during 1998. In November 1998 the inaugural meeting of a BSRP Core Group were held in Lysekil, Sweden. During February 1999 the GEF Secretariat approved the application for a PDF Block B grant on the amount of US$ 350 000. From this amount US $ 230 000 were specified for ICES preparatory work with the Component 1 “ the Baltic Sea Large Marine Ecosystem Activities”. This work started during August 1999 but was interrupted, due to unforeseen circumstances, for half a year, but was restarted in March 2000.

Successful management of the Baltic Sea in a sustainable manner will rely on the quality and quantity of the data collected, and the knowledge obtained concerning the status of its living resources and their ecosystem. A rational and cost-effective way of achieving this is to adopt the Large Marine Ecosystem (LME) assessment and management approach. While a wealth of information has been gathered about the Baltic Sea ecosystem over decades, there is also an intensive need to collate, co-ordinate, use and implement the existing information at a local as well as at a regional level. During the preparatory phase of Component 1 of the BSRP a series of consultations, working group meetings and workshops were held both with the managing organizations of the Baltic Sea and its catchment area as well as with institutes and ministries in the five recipient countries Estonia, Latvia Lithuania, Russia and Poland. It then became obvious that due to historical reasons, these countries have difficulties in fully meeting a series of commitments and/or recommendations to collect data and achieve results to be used in management decisions, nationally as well as internationally. Thus, additional collection of data within Component 1 of the BSRP is aimed at filling the most serious gaps in these areas.

During the project preparation period lasting from March to December 2000, a series of priorities in selecting the most cost-efficient activities and ways to improve data collection, assessments and capacity-building in the recipient countries were identified and analyzed. Based on the five module LME assessment and management concept, which forms the basis for the BSRP, priority activities were assigned into the following four modules:  1) Productivity, 2) Pollution and Ecosystem Health, 3) Fish and Fisheries, and 4) Socio-economics. These activities form the information framework for the final module that is focused on 5) Governance and Management activities required to improve the long-term sustainable benefits to be derived from the Baltic Sea LME. 

There is a general agreement in the region that there are four major threats to the Baltic Sea LME. These are (a) eutrophication, which to a great extent is caused by nutrient leakage from agriculture activities; (b) contaminant loading, which is mainly caused by industrial and community activities; (c) overexploitation of the living marine resources, mainly caused by non-sustainable use of these resources; and (d) invasive species, mainly introduced by ballast water. The activities within Component 1 will address all four issues. 

One of the unique features of the BSRP project is that the Baltic LME is considered to consist of both the Baltic Sea per se as well as its catchment area which is four times larger than the Baltic Sea itself. This makes the linkage of the “Baltic Sea LME Activities” component with the Project’s second component, “Land and Coastal Management Activities” not only logical but also natural and essential. The coastal zone is a sensitive transboundary water area heavily affected by anthropogenic and/or natural activities and  phenomena that are land-based, and also influenced by coastal and offshore human activities. Excessive nutrient and pollution loads from inter alia agriculture and industrial activities are causing increasing eutrophication and contamination in the coastal waters, as well as reducing their biodiversity and damaging habitats. Overfishing of a stock or disturbance of a key spawning area or nursery ground may have detrimental effects not only in the coastal area but also for the region sharing these common resources. Effective joint protection of the fish, fisheries, and related biota and their environments based on cooperative international stock assessments and management is an important action to be taken by the countries bordering the Baltic Sea LME. Through improved management practices, a better sense of ownership and remediation measures for inter alia the recovery of depleted fishery resources and damaged habitats can be achieved, whether in the coastal area or in the open sea. At present, the eastern Baltic countries do not have the capacity to conduct the spatial and temporal fish stock or pollution impact surveys with the necessary frequency and advanced sampling systems to produce sound scientifically-based annual assessments of the changing conditions of the stocks, and the quality and health of their coastal and open sea waters.

Recent changes in the species composition of fish catches coupled with degraded water quality and health of the ecosystem have resulted in significant losses in the total economic value of both the coastal and the offshore fisheries. This shift in the community structure of the dominant fish species has had an impact on the entire Baltic Sea ecosystem, its productivity, and its potential for supporting sustainable biomass yields and coastal fishing communities. There is a strong unfulfilled need among the 5 eastern Baltic countries for conducting appropriate spatial and temporal surveys and assessments in coastal and offshore areas for information needed to implement sustainable ecosystem-based management practices. These should be based on joint analyses of survey results, modeling, socioeconomic benefit/loss considerations, and carrying capacity.

The BSRP Large Marine Ecosystem Activities are a series of coastal, near-shore and off-shore monitoring and assessment operations within the land-coastal-open sea interface, that are conducted to provide background information on the state of the environment and its living resources based on the ecosystem approach to facilitate improved and sustainable management. The framework of Component 1 is the first serious large scale attempt to balance the long-term carrying capacity of the Baltic Sea with maximizing the sustainability of ecosystem health, biomass yields and socioeconomic benefits and to assess and mitigate the effects of agricultural non-point source runoff of nutrients and the problems this causes in rivers and lagoons as well as in the near-shore and off-shore areas. Elements of the component activities build on and benefit from existing programs, while other elements fill gaps of information needed for equitable assessments for the eastern Baltic countries. For practical implementation purposes, inter alia limitations in the use of large research vessels, the effort has been divided into two geographical areas, the offshore or open sea areas and the coastal or near-shore areas. In the offshore areas, standard ocean-going research vessels and ships of opportunity (SOOP) will be used. In the near-shore areas, which by definition will be relatively shallow (less than 30 meters), commercial cutters and open boats will be used for the monitoring and assessment activities. There will be a consistent, standardized set of parameters for making the evaluations and assessments in both areas. 

The coastal waters of the Baltic are impacted by land-based inputs of nutrients and toxic substances. Fishing  in the Baltic is to a large extent unsustainable as a result of overfishing and of damage to recruitment areas caused by pollution. Furthermore, basin-wide eutrophication has changed the feeding conditions of the open sea as well as coastal fish species. The project will increase the capacity for eastern Baltic countries to improve assessment and management practices and thus achieve significantly greater long-term socio-economic benefits from Baltic fish and fisheries than is presently realized. This will be achieved through a combined effort among the countries of the region to improve the health of coastal waters and implement fish stock rebuilding activities. 

The project works within the current ICES, HELCOM, and IBSFC framework. Improved management of fish stocks is a main issue for Baltic 21, and has been elaborated further in the IBSFC sector report for fisheries. Action plans have been or are being developed for determining the optimal levels of Total Allowable Catches (TACs) for the open sea  Baltic fish species salmon, cod, sprat and herring. Coastal commercial fish stocks, however, also need to be monitored and assessed, and their management adapted to achieve the long-term sustainability of Baltic Sea fish and fisheries.

Component 1 has as a primary goal the introduction of an ecosystem-based approach to the assessment and management of the Baltic Sea and to develop the technical, scientific, and local capacity in the eastern Baltic recipient countries to participate fully with western Baltic countries in improving the long-term sustainability of the health, biomass yields, and socioeconomic benefits of the BSLME. Joint monitoring, assessment, and demonstration activities will provide incentives to improve the socio-economic well being of targeted communities. To achieve this, the local institutional and technical capacities to collect data will be strengthened. Integrated monitoring and assessment activities will use the information to make sound management decisions in support of sustainable long-term resource use. Demonstration activities will introduce a range of cost-effective measures to improve the state of the Baltic ecosystem and encourage a sustainable use of the natural resources while building the local capacity of the coastal communities, particularly in the eastern Baltic countries receiving GEF financial support. An overall goal of the five-year project is to demonstrate to the recipient countries’ national authorities, managers and stakeholders that the activities and management tools applied during the project are sustainable, cost-effective and beneficial for their countries and coastal communities.

The GEF BSRP will not subsidize the eastern Baltic countries’ current commitments to ICES and HELCOM, but will supplement their data collections and fill spatial and temporal gaps in assessments and analyses with upgraded tools and techniques by expanding their capacity. It will also facilitate recipient country participation in relevant regional workshops, conferences and exchange programs. Strong emphasis will be placed on coordination and cooperation to build local capacity, and on supporting data collection and assessment processes for making sound ecosystem-based management decisions. The demonstration activities are designed to work with the local coastal communities to achieve greater socioeconomic benefit from the use of living resources. The strengthening of institutional capacity will be organized inter alia by introducing coordination centers for the overall coordination of component activities and data handling. These will be supported by a selected number of lead laboratories for specific disciplines. The aim is to develop a practical integration of institutes, to harmonize sampling techniques, to rationalize assessment and reporting and to achieve a general upgrading and use of equipment and laboratories in a cost effective and quality-assured manner.

For the same reasons, the series of activities and tasks are organized within the framework of the LME modules specified earlier. Thus, the open sea and coastal monitoring and assessment concept is primarily built into the three modules that represent the most important issues for managing environmental impacts and sustainable fisheries (Table 1.1). Consequently, the Fish and Fisheries module includes commercial fish and fisheries in the open-sea, commercial and recreational fish and fisheries in coastal areas, and issues related to mitigation of over-fishing. The Productivity module includes assessments of both primary as well as secondary pelagic production and the hydrographic conditions influencing them. In the third module, Pollution and Ecosystem Health, the reaction of near-shore ecotones to coastal eutrophication and to chemical pollution will be assessed by monitoring and assessing  phytobenthic and fish communities and by monitoring biological effects of contaminants on selected indicator fish species. This module will also include similar activities in the open sea. All these data will in a summarised form be input to a fourth, Socio-economic, module. Data from these activities will also be relevant in relation to biodiversity issues, and to determine the best business practices to achieve the long-term socio-economic benefits for the people of the region.

 Component Objectives. The Component 1 objectives will:

1) strengthen institutional and technical capacity thereby improving national and standardized regional co-operation and co-ordination

2) expand the geographic coverage and improve the integration of open sea and near shore activities in the eastern Baltic Sea to fill the gaps in the current ICES monitoring network for  both fisheries and environmental conditions, as mandated by ICES and HELCOM

3) provide a tested set of indicators for assessing ecosystem recoveries related to improved agricultural  practices 

4) improve  the quality of temporal and spatial coverage of  hydrography and productivity monitoring and assessment of plankton especially in relation to fish

5) in a cost effective way monitor and assess changes in the plankton communities and of environmental parameters by the use of Ships of Opportunity

6) support and coordinate simultaneous acoustic surveys in the near shore (cutters) and open sea (research vessels) areas

7) conduct demonstration activities to encourage further habitat restoration for migrating fish and integrated management of coastal lagoons

8) implement some of the recommendations in the IBSFC Salmon Action Plan

9) enhance the local assessment capacity through improved technical resources and capacity building

10) introduce and operationalize a Baltic Sea Multiple Marine Ecological Disturbances, MMED, system

11) contribute to the development of integrated models for environmental and fisheries management to support local authorities decision making capacity for integrated coastal resource management,

12) evaluate the socio-economic implications of reduced eutrophication in near shore habitats

13) develop the use of innovative methodologies for land-coastal-and open sea assessments to promote sustainable ecosystem based management actions to improve the economic benefits from the living marine resources of the Baltic Sea LME.

14) promote alternative use of Baltic marine products for human consumption.

General Geographic Context. In general the coastal near shore activities and monitoring network will be integrated with land based coastal and associated demonstration activities in selected basins as noted in maps IBRD 31062, IBRD 31063. Open sea monitoring will include the current ICES network; this includes ICES Subdivisions 25, 26, 28, 29S and 32 (Fig. 1). These areas include the Baltic Proper (the sea east of Bornholm) and the Gulf of Finland. The economic zones of the recipient countries are part of these Subdivisions.

Specific geographic sites are detailed in the supplementary documents.
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Figure 1. ICES Subdivisions in the Baltic Sea

Participants. The Component 1 participants include the Coordination Centers and Lead Laboratories for this Component and the technical institutes that have been engaged in ICES and/or HELCOM responsibilities. The participants will also include institutes, technical specialists and stakeholders, who are identified in the background documents. Participants are also those scientists that participate in the different Study- and Working Groups and Committees in the ICES work relevant for the Baltic Sea LME. The Component 1 Coordinator, based at ICES, will coordinate the Component activities with the assistance of the Assistant Coordinator based in one of the recipient countries (See organizational chart, Fig.1). Specifically the local participants include:

1) Estonia: Estonian Marine Institute, Tallinn, Tartu University, Tartu, 

2) Latvia: Latvian Fisheries Research Institute, Riga, Institute of Aquatic Ecology, University of Latvia, Riga,

3) Lithuania: Fisheries Research Laboratory, Klaipeda, Institute of Ecology, Vilnius, 

4) Russia: Atlantic Research Institute of Fisheries and Oceanography (AtlantNIRO), Kaliningrad, P.P. Shirshov Institute of Oceanology, Kaliningrad, Zoological Institute, St. Petersburg, 

5) Poland: Sea Fisheries Institute, Gdynia.

Participants from western Baltic countries:

1) Denmark: Danish Institute for Fisheries Research, Copenhagen, 

2) Finland: Finnish Institute of Marine Research, Helsinki,

3) Germany: Baltic Fisheries Research Institute, Rostock, Baltic Sea Research Institute, Warnemünde, Institute for Marine Research, Kiel,

4) Sweden: Institute of Marine Research, Lysekil, Institute of Coastal Research, Öregrund, Swedish Meteorological and Hydrological Institute, Norrköping. 

In addition, appropriate specialists or organizations will be engaged on consultancy basis.

Component 1 Organisation.

The implementation of Component 1 is organized as can be seen in Figure 2 : 

Fig.2: Component 1 Organizational Chart.
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In the Project Implementation Plan (PIP) the Component 1 Activities are presented and organized as seen below. However, several of these activities are extracted and compiled from a series of more detailed and sectorialized documents. These documents, including tables, figures and maps, are attached. In their headlines you will find references to relevant Activities and Sub-activities as specified in the PIP. 

1. Component 1 Activities and Sub-activities. 
Component 1 consists of the following Activities and sub-activities: 

· Activity 1 Strengthening Institutional and Technical Capacity for Ecosystem Management:

· Sub-activity 1(a) Strengthen Institutional Capacity of Coordination Centers and Lead Laboratories.

· Sub-activity 1(b) Conduct Regional Training and Workshops to Strengthen Technical Capacity of Coordination Centers and Lead Laboratories.

· Sub-activity 1(c) Coordinate Near Shore Activities.

· Sub-activity 1(d) Coordinate Open Sea Activities.

· Activity 2 Operationalize Ecosystem Monitoring and Assessment Surveys in the eastern Baltic Sea:

· Sub-activity 2(a) Conduct Near-shore Monitoring and Assessment Surveys.

· Sub-activity 2(b) Conduct Joint Integrated Open Sea Surveys.

· Sub-activity 2(c) Collect Data by using the Ships of Opportunity 

· Sub-activity 2(d) Collect Data from Commercial Fishing Vessels.

· Activity 3 Cooperative Local and Regional Evaluations and Assessments:

· Sub-activity 3(a) Evaluate and Assess Component 1 Information.

· Activity 4 Demonstration Activities:

· Sub-activity 4(a) Salmon River Restoration.

· Sub-activity 4(b) To introduce and operationalize the MMED monitoring and assessment system 

· Sub-activity 4(c) Coastal zone management in selected lagoons and wetlands.

· Sub-activity 4(d) Workshop on promoting the use of Baltic Herring and Sprat for Human Consumption 

Component 1 supplementary papers used when compiling the PIP document include:

 Annex No:

1. ICES Study Group on Ecosystem Assessment and Monitoring (SGEAM). Copenhagen, Denmark, 8-12 May. ICES Doc. C.M. 2000/E:09

2. GEF/BSRP Large Marine Ecosystem Sub-Group Meeting 2000/No 1. ICES. 12-13 May, 2000

3. Overview of monitoring in the Baltic Sea. Hopkins, C.C.E.. Manuscript. 2000. PDF-file
4. The Integration of fisheries and environmental issues: evolution of the ecosystem approach. Hopkins, C.C..E. Manuscript. 1999

5. ICES Study-Group on the Scientific Basis for Ecosystem Advice in the Baltic (SGBEAB). Gdynia, Poland, 19-21 June 2000. ICES CM 2000/H:03.

6. An ecosystem approach to global assessment and management of coastal waters. Sherman, Ken, and Alfred M. Duda. Mar, Ecol. Prog. Ser.  1999.

7. Open Sea LME Activities. ICES
8. Implement Ships Of Opportunity (SOOP)

9. Report of the Baltic International Fish survey Working Group. Kaliningrad, Russia, 5-9 February 2001. Baltic Committee. ICES CM 2001/H:02. Ref.:D.

10. Near shore LME activities

11. Manual for Marine Monitoring in the COMBINE Programme of HELCOM

12. Demonstration Activities

12a Salmon River Restoration

12b To introduce and operationalize the MMED monitoring and assessment system

12c Workshop on promoting the use of Baltic Herring and Sprat for Human Consumption

Volume 2,A:1; Annex  1
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Opening of the meeting

The first meeting of the Study Group on Ecosystem Assessment and Monitoring (SGEAM) was opened by the Chair, Lars Føyn, at 10.30 hrs on 8 May 2000 at ICES Headquarters in Copenhagen. Six members of SGEAM were present from the start of the meeting. In his opening address Lars Føyn expressed his concern about the fact that the meeting had attracted so few participants. In preparation for the meeting, the Chair had sent several letters to potential participants, in particular the members of the former Working Group on Environmental Assessment and Monitoring Strategies (WGEAMS), asking them to forward the information to possible interested persons in their institutions. The Chairs of ACME and ACFM had also made efforts to attract new members to SGEAM, and had sent a letter about this to the members of their respective committees. The Chair of the Marine Habitat Committee had contacted the MHC members urging them to consider participation of national experts at the SGEAM meeting, and finally the General Secretary of ICES had sent a letter to the National Delegates asking for participation in SGEAM.

The Chair stated that three more participants would join the work of SGEAM later in the week, making a total of nine participants (see Annex 1 for the list of participants). Although the participants represented broad expertise in ecosystem matters, the lack of participation from the fisheries management side of ICES was particularly regrettable.

Terms of Reference

At the 86th Statutory Meeting, it was agreed that a Study Group on Ecosystem Assessment and Monitoring [SGEAM] (Chair: L. Føyn, Norway) would be established and meet from 8–12 May 2000 at ICES Headquarters to:

a) reflect on the scientific framework for an ecosystem approach for the sustainable use and protection of the marine environment, including living marine resources (based on the reports of the North Sea Conference’s Oslo and Scheveningen workshops, and an ICES discussion document on ecosystem management of the Baltic Sea); 

b) review the methodology and proposals for Ecological Quality Objectives for the North Sea;

c) evaluate the use of results from monitoring programmes and their effectiveness to support integrated (ecosystem) assessments in the ICES area using inter alia the OSPAR regional and 2000 Quality Status Reports for the North Sea, and the HELCOM Third Periodic Assessment of the Baltic Sea;

d) review existing regional monitoring programmes in order to:

i. identify management questions/objectives and environmental issues, 

ii. identify ecological quality objectives,

iii. identify indicators, 

iv. identify methods for integrating indicator results into a regional assessment; 

d) review existing regional and international monitoring programmes in order to:

i. synthesise management questions/objectives, ecological quality objectives, and environmental issues,

ii. synthesise indicators for each management question/objective, and for each ecological quality objective,

iii. identify best or most promising methods for integrating indicator results into regional assessments for the ICES area;

f) outline a programme of work for the next five years.

SGEAM will report to the ACME before its June 2000 meeting and to the Marine Habitat Committee at the 2000 Annual Science Conference.

Adoption of the Agenda

The draft agenda (Annex 2) was adopted. It was, however, agreed that due to the workload and the importance of the topics in the terms of reference, SGEAM had to concentrate, in the first instance, on Agenda Items 5, 6, 7, and 10.

Arrangements for the preparation of the report

The members of SGEAM were asked to take proper notes of the various issues for discussion for the preparation of the report. Different parts for the report were prepared during the meeting and the Chair undertook to prepare a draft report to be sent to the participants via e-mail for comments and thereafter to ICES within two weeks, i.e., before 26 May, for the use of the June ACME meeting and further to finalise the report for presentation at the 2000 Annual Science Conference.

Reports of activities in other fora of intErest to the meeting 
OSPAR

OSPAR has adapted a Joint Assessment and Monitoring Programme (JAMP) as the basis for its work to carry out environmental assessments and produce Environmental Quality Status Reports (QSR). The JAMP is based on a number of specific issues related to human use or influence on marine ecosystems. These issues are grouped into six major categories:

· Contaminants

· Eutrophication

· Litter

· Fisheries

· Mariculture

· Habitats and ecosystem health

Over the past few years OSPAR has been producing QSRs. The OSPAR maritime area has been divided into five regions:

I
The Arctic (Norwegian Sea, Greenland Sea, Barents Sea, Iceland Sea, Iceland Shelf and East Greenland Shelf);

II
The North Sea;

III
The Irish and Celtic Seas;

IV
The Bay of Biscay and Iberian Shelf;

V
The Wider Atlantic (North-East Atlantic).

Separate QSRs have been produced for these five regions. These five regional QSRs were finalised and adopted in late 1999. A holistic QSR for the whole OSPAR area is now in the final stages of completion. The subregional QSRs and the holistic QSR 2000 are scheduled for publication in June 2000.

A conceptual framework of methodology for describing Ecological Quality (EcoQ) and setting Ecological Quality Objectives (EcoQOs) has been developed by OSPAR. EcoQ is defined as:

“An expression of the structure and function of the ecological system taking into account natural physiographic, geographic and climatic factors as well as biological, physical and chemical conditions including those resulting from human activities.”

The information required for describing EcoQ and setting EcoQOs should, on the one hand, reflect basic ecosystem properties such as productivity, diversity, stability, and trophic structure and, on the other hand, reflect the various human uses. This will make it possible to identify connections between human uses and responses in the ecosystem, with the overall aim to safeguard the integrity of marine ecosystems.

The proposed framework methodology is flexible and can encompass a simple indicator approach as well as a more comprehensive information-based approach. It remains to work out the detailed content within the general framework for a given marine ecosystem. It has been agreed that this should be done for the North Sea as a first test case.

The work on developing EcoQOs for the North Sea has been done jointly within OSPAR and the North Sea Ministerial Conference (NSCs) framework, with Norway and the Netherlands as lead countries. The development of EcoQOs is seen as a necessary component of an Ecosystem Approach. A special workshop on EcoQOs for the North Sea was arranged in Scheveningen, The Netherlands, in September 1999.

EEA

The European Environment Agency (EEA) has adopted an indicator-based system for its assessment and reporting of environmental quality. The so-called DPSIR approach looks at a set of indicators linked in a chain from underlying Driving forces (D) and Pressures (P), through State (S) and Impacts (I) in the environment, to management or political response (R). The use of indicators is related to the concept of bridging the gap between the complex environment and the political decision process and the information pyramid. The base of this pyramid is the detailed information required and provided from, e.g., environmental monitoring programmes and research. The indicators are aggregated information at intermediate or high levels, condensing and conveying the “message” provided by the detailed information at the base level of the pyramid.

EEA has been working through a number of European Topic Centres (ETCs). The ETC for Marine and Coastal Environment (ETC-MCE) is a consortium of scientific institutes from six countries. The ETC-MCE has been working on compiling and reviewing information on data collection and environmental assessments by the various international conventions for European marine waters. The work has focused on the development of indicators that can be used in the reporting and compilation by the EEA on the state of the European environment.

As part of its work programme, EEA and the ETC-MCE have convened so-called Inter-Regional Forum (IRF) meetings with participation from regional conventions and international organizations (HELCOM, OSPAR, AMAP, UNEP-MAP, BSEP, ICES, EC). There have been three IRF meetings focusing on common issues related to environmental assessments. At the Third IRF in Venice in September 1999, three working groups were established to consider further the issues of data management, indicators, and GIS (Geographical Information Systems), respectively.

Discussion of the scientific framework for an ecosystem approach

In the terms of reference (TORs) for SGEAM, it states that the Study Group should reflect on the scientific framework for an ecosystem approach for sustainable use and protection of the marine environment, including living marine resources. As basic documents for the discussion the TOR mentions, SGEAM referred to reports of the North Sea Conference’s Oslo and Scheveningen workshops and an ICES discussion document on management of the Baltic Sea.

In addition to these three documents, SGEAM members provided several documents of importance for the discussion. A list of the documents available for the discussion is presented in Annex 3.

SGEAM spent most of the available time on discussions on this agenda item. The results of the discussions would form the basis for further work of SGEAM. The opinion of the Study Group was also that the report of the discussion would be an important introduction to necessary discussions on a new approach and direction for ICES in management matters.

In the discussion, a need for clarification of terminology and definitions was clearly demonstrated, and it was decided that a common understanding of these terms would be important for the discussion in the Study Group and for further discussion within ICES. Section 5.1 reflects the view of SGEAM on definitions and terminology. Section 5.2 reports on the discussions on establishing a framework for an ecosystem approach. Section 5.3 presents scientific elements in the framework for the ecosystem approach.

Terminology and Definitions

Ocean management is a complex field encompassing multidisciplinary interests and expertise, including fisheries management and aquaculture, conservation and protection of marine resources and habitats, contaminants assessment and control, oceanographic and climate research, and the development of new technologies. Ocean management is also evolving within the context of international conventions and laws, emerging national legislation and initiatives, and the participation of multi-level governmental and non-governmental organizations.

There was agreement between the members of SGEAM that there is a need to define key terms used in an ecosystem approach to management. The main reason for this is that there are a number of confusing (sometimes synonymous) terms used in the broad context of environmental management (see SGEAM 5/1/00 and 5/2/00). These terms often lack clear definition, which leads to a lack of consistency in their use among different countries or among different organizations within a country. For example, the environmental quality objective approach to pollution management adopted by the United Kingdom is analogous in many ways to the North Sea Ecological Quality Objectives approach. 

The UK approach uses the terms “ecological quality objective” (EQO) and “ecological quality standard” (EQS). An “EQO” is a desirable environmental goal which should be aimed for (e.g., maintenance of environmental quality so as to protect aquatic life). Fulfilment of each EQO is judged by establishing “environmental quality standards” (EQSs) for certain ecological criteria (e.g., sediment quality, benthic fauna, turbidity). This approach is analogous in many ways to the EcoQ/EcoQO approach. The environmental criteria are synonymous to the ten issues proposed for the development of EcoQOs, with each criterion/issue measuring a single component of the whole ecosystem. An “EQS” is a measurable component of the ecosystem, through which progress towards reaching the EQO can be measured. This illustrates how different management concepts, coupled with analogous terminology, can lead to confusion.

The following is a list of terms that the SGEAM considered important to define in order to set a solid foundation on which to build a scientific framework for an ecosystem approach to the management of marine resources.

(1)
Ecosystem

There was debate among SGEAM members on whether or not humans are part of marine ecosystems. Some members of SGEAM consider that humans are not a marine species per se and thus are not part of the marine ecosystem, with which they interact. The other view is that humans are part of the marine ecosystem because of their strong linkage (exploitation and impacts) to that system. Whether humans are included or not is important because it has profound implications on how an ecosystem approach is structured. For example, if humans are part of the marine ecosystem, their impacts become an integral component of the ecosystem approach. SGEAM came to the conclusion that humans have to be considered as part of the ecosystem since an ecosystem approach is about managing human activities.

Ecosystem is a broad concept that can be approached from many different perspectives, but two common themes running throughout most definitions are that both organic (biotic) and non-organic (abiotic) components must be considered, and that interactions among the different components, including humans, have to be considered (see SGEAM 5/2/00). SGEAM came to the conclusion that the definition of ecosystem from the Convention of Biological Diversity (below) should be adopted for the purposes of ecosystem management, although it should be noted that, in principle, this definition is very similar to many others.

Ecosystem: “a dynamic complex of plant, animal and micro-organism communities and their non-living environment interacting as a functional unit.” (Article 2, Convention of Biological Diversity)
This definition does not specify any particular spatial unit or scale, which allows the flexibility to refer to any functioning unit at any scale. Indeed, the scale of analysis and action should be determined by the problem being addressed. It could, for example, be a particle of soil, a pond, a forest, a biome or the entire biosphere, and it should be recognized that ecosystems exist at all scales and within any chosen boundaries. The choice of ecosystem boundaries has important implications on management because many important species have distributions which cross ecosystem boundaries, thus making management difficult. It can be useful from a management perspective to work at the scale of Large Marine Ecosystems (LMEs; see below) as this scale will often encompass commercial fish stocks.

(2)
Large marine ecosystems (LMEs)

Large marine ecosystems are extensive regions, typically greater than 200 000 km2, having unique hydrographic regimes, submarine topography, productivity, and trophically dependent populations. The underlying strategic approach to the assessment, monitoring, and management of LMEs is based on a five-module framework that includes consideration of (1) productivity, (2) fish and fisheries, (3) pollution and ecosystem health, (4) socioeconomics, and (5) governance.

(3)
Ecosystem management, ecosystem approach or ecosystem-based management
Ecosystem management, ecosystem-based management, and ecosystem approach are synonymous terms. An ecosystem approach is usually a synonym for an integrated or holistic approach to ecosystem management. It recognizes the complexity of ecosystems and the interconnections among component parts. Ecosystem-based management does not imply an attempt to manage ecosystems by humans, but rather to manage human impacts on ecosystems. It recognizes that humans are an integral part of ecosystems and that human social and economic systems constantly interact with other physical and biological parts of the system.

The following twelve principles, taken from the Convention of Biological Diversity, are complementary and interlinked, and need to be applied as a whole when adopting an ecosystem approach:

1) The objectives of management of land, water and living resources are a matter of societal choice.

2) Management should be decentralized to the lowest appropriate level.

3) Ecosystem managers should consider the effects (actual or potential) of their activities on adjacent and other ecosystems.

4) Recognizing potential gains from management, there is a need to understand the ecosystem in an economic context.

5) A key feature of the ecosystem approach includes conservation of ecosystem structure and functioning.

6) Ecosystems must be managed within the limits of their functioning.

7) The ecosystem approach should be undertaken at the appropriate scales.

8) Recognizing the varying temporal scales and lag-effects that characterize ecosystem processes, objectives for ecosystem management should be set for the long term.

9) Management must recognize that change is inevitable.

10) The ecosystem approach should seek the appropriate balance between conservation and use of biological diversity.

11) The ecosystem approach should consider all forms of relevant information, including scientific and indigenous and local knowledge, innovations and practices

12) The ecosystem approach should involve all relevant sectors of society and scientific disciplines.
The following definition for Ecosystem Management is proposed by SGEAM:

“Integrated management of human activities based on knowledge of ecosystem dynamics to achieve sustainable use of ecosystem goods and services, and maintenance of ecosystem integrity.”

This definition points to the need for a comprehensive and holistic approach to understanding and anticipating ecological change, assessing the full range of consequences, and developing appropriate responses. Principles 5, 6, and 10 from the Convention of Biological Diversity (listed above) are very relevant to understanding ecosystem management. Healthy ecosystems perform a diverse array of functions that provide both goods and services to humanity. The term “goods” refers to items given monetary value in the market place, whereas “services” from ecosystems are valued, but rarely bought or sold. Examples of ecosystem goods and services are provided in Table 5.1.1 as well as examples of the paradigm shift which comes along with ecosystem management (Table 5.1.2) (Lubchenco, 1994).

Table 5.1.1. Some examples of goods and services provided by ecosystems to humans (after Lubchenco, 1994).

	HEALTHY ECOSYSTEMS PROVIDE:

	Goods

Food

Medicinal Materials

Raw Materials

Wild Genes

	Services

Absorbing and Detoxifying Pollutants

Cleansing Water and Air

Generating and Maintaining Soils and Reefs

Maintaining Hydrological Cycles

Maintaining the Composition of the Atmosphere

Pollinating Crops and Other Important Plants

Providing Sites for Tourism, Recreation, and Research

Regulating Climate

Storing and Cycling Essential Nutrients


Table 5.1.2. Some of the substantive changes between traditional resource management and ecosystem management (after Lubchenco, 1994).

	ECOSYSTEM MANAGEMENT: A PARADIGM SHIFT

	From
	To

	Individual Species

Small Spatial Scale

Short-term Perspective

Humans: Independent of Ecosystems

Management Divorced from Research

Managing Commodities
	Ecosystems

Multiple Scales

Long-term Perspective

Humans: Integral Parts of Ecosystems

Adaptive Management

Sustaining Production Potential for Goods and Services


(4)
Ecological Quality (EcoQ)

“An overall expression of the structure and function of the marine ecosystem taking into account the biological community and natural physiographic, geographic and climatic factors as well as physical and chemical conditions including those resulting from human activities” (TemaNord, 1999:591)
The use of the words “surface water”, instead of “ecosystem”, were discussed during the Scheveningen Workshop. The conclusion reached was that the original wording of the North Sea Task Force, “ecosystem”, is more appropriate for marine ecosystems. This conclusion was also reached by SGEAM.

(5)
Ecological quality reference level

A reference level is defined as the level of ecological quality, based on scientific evidence, where the anthropocentric influence on the ecological system is minimal. The reference level has to take into consideration natural variability and trends. For example, the historic level for certain environmental conditions may not be an appropriate reference level for the contemporary ecosystem if this ecosystem evolved, through natural trends, towards different characteristics. It should be emphasized that the reference level should not be confused with the ecological quality objective.

(6)
Ecological Quality Objectives (EcoQOs)

An ecological quality objective should reflect an ecosystem approach and integrate objectives for various ecosystem components, for example, within a multidimensional framework. It should be a political decision based on scientific advice to identify:

“the desired level of ecological quality relative to a reference level”.
Within the OSPAR framework for Ecological Quality Objectives for the North Sea (EcoQOs), a set of ten issues was identified. These issues divide the ecosystem into manageable units, under which EcoQOs can be developed. Following discussion, SGEAM came to the conclusion that in order to implement an ecosystem approach, all ten issues should be considered together in an integrated manner. Measuring individual EcoQOs would not necessarily comply with an ecosystem approach. SGEAM also found that further work is required to review the ten issues proposed to ensure that all aspects of the ecosystem are accounted for. This would establish a framework through which EcoQOs could be proposed.

(7)
Indicator
An indicator is a variable, or an index combining different variables, which provides information on the status of the ecosystem. Indicators are usually used to reflect trends in the state of the ecosystem and are used to monitor the success towards achieving management objectives. Indicators can provide information on the biological, physical, social or economic conditions. A simple classification for indicators includes pressure indicators, which reflect human influence on the natural environment (e.g., nutrient discharge), and condition indicators that address environmental conditions (e.g., nutrient concentration in a certain area).

(8)
Sustainability

Sustainability is often used in the context of sustainable development, which has been defined in general terms as “development that meets the need of the present without compromising the ability of future generations to meet their own needs” (Brundtland Commission). In the context of ecological resources management, the sustainability concept carries two different aspects: sustainability of use (sustainable use) and sustainability of ecological resources/ecosystems. The two are tightly linked since sustainable use of ecological resources can only be achieved if these resources are themselves sustainable.

A Framework for an Ecosystem Approach

General approach

The task assigned to SGEAM is to discuss the framework for an ecosystem approach. In the follow up of the North Sea Intermediate Ministerial Meeting (IMM), a Workshop on the Ecosystem Approach to the Management and Protection of the North Sea was held in Oslo, Norway, in 1998. A mixture of scientists, policy makers, user groups and NGOs attended this workshop. Although some or even most of them were somewhat unfamiliar with the concept of an ecosystem approach, the meeting was constructive, resulting in clear recommendations for future work. The Oslo Workshop conclusions can be considered as the first European attempt to define a general framework for ecosystem management.

The ecosystem approach or ecosystem management originates from the United States where it was first introduced in forestry policies. Later it became an important approach in U.S. federal environmental policies and was strongly supported through the Clinton Administration (Lubchenko, 1994; Morressy, 1995; Eickemeyer, 1998). In the United States, NOAA’s Northeast Fisheries Science Center in Woods Hole developed and implemented an ecosystem-based assessment and monitoring system that was integrated into marine fishery management advice in the early 1980s. More recently NOAA has been collaborating with the Global Environment Facility (GEF) in Washington, D.C., in assisting developing countries in the planning and implementation of an ecosystems approach to marine resource development and sustainability in international waters of Asia, Africa, Latin America, and eastern Europe (Sherman and Duda, 1999).

In order to get hold of the different views on an ecosystem approach, the results of the Workshop on the Ecosystem Approach (TemaNord, 1998) were compared with recommendations given by other fora and literature available on this concept. In this section, SGEAM will attempt to evaluate the results of the Oslo Workshop and try to adapt or construct a general (scientific) framework to be used in further work by ICES. SGEAM is of the opinion that there is no need to call it a scientific framework since the ecosystem approach is also oriented on a political decision-making process.

Ecosystem approach and North Sea management

The North Sea countries have a long history in promoting an ecosystem approach to fisheries assessment and management. The earliest discussions by ICES on the need for a more formal ecosystem approach to marine fisheries issues were held during the 1975 Symposium on the Long-Term Changes in Fish and Fisheries of the North Sea (Hempel, 1975). Countries in the ICES region were also instrumental in the development and implementation of an ecosystem approach to the assessment and management of Antarctic marine resources (Scully et al., 1986).

Finally, in 1997 at the Intermediate Ministerial Meeting (IMM) on the Integration of Fisheries and Environmental Issues in the North Sea, the ecosystem approach found a definitive spot on the European political agenda. The ecosystem approach was especially seen as a concept which could stimulate the integration of fisheries and environmental issues. In the Statement of Conclusions of the IMM conclusion 2.6 refers to the ecosystem approach as follows:

“Further integration of fisheries and environmental protection, conservation and management measures, drawing upon the development and application of an ecosystem approach which, as far as the best available scientific understanding and information permit, is based on, in particular:

· the identification of processes in, and influences on, the ecosystems which are critical for maintaining their characteristic structure and functioning, productivity and biological diversity;

· taking into account the interaction among the different components in the food-webs of the ecosystems (multi-species approach) and other important ecosystem interactions; and

· providing for a chemical, physical and biological environment in these ecosystems consistent with a high level of protection of those critical ecosystem processes.”
The objective of the North Sea states is to develop a management regime of the North Sea that is based on an ecosystem approach. This approach is considered to be fundamental to achieve sustainable use and protection of the marine environment. The general meaning is that management decisions consider all consequences of human activities for the marine environment in an integrated way. The Oslo Workshop was the follow up of Conclusion 2.6 of the IMM in 1997.

Results of the Oslo Workshop

The Oslo Workshop on the Ecosystem Approach resulted in eight conclusions (TemaNord, 1998). A complete description and interpretation of these conclusions can be found in Annex 4. One conclusion urges the need for “agreed upon definitions of terms” such as “ecosystems” and “ecosystem approach” which is treated in Section 5.1 and will not be further debated here. The remaining conclusions are (interpreted according to TemaNord, 1998):

1) integrated management of human activities in accordance with the principles of sustainable use and protection of the North Sea ecosystem;

2) clear objectives to the management and protection of the North Sea must be formulated. There is a need for both general objectives and specific, operational objectives;

3) best use of scientific knowledge;

4) research on climatic, biological and human driving forces of ecosystem variability;

5) adopted integrated monitoring to reveal the human impacts on the ecosystem;

6) need for integrated assessments on environment, socioeconomics and ecology;

7) stakeholders, along with scientists, managers and politicians should be involved at different stages of the decision process.

SGEAM considers the conclusions of the Oslo Workshop to be valuable and useful as a basis for the construction of a framework for the development of an ecosystem approach. In other fora, similar progress is being made on the development and implementation of an ecosystem approach (Lubchenko, 1994). In the U.S. several reports have been produced which address the developing paradigm of ecosystem management based on strengthening the linkage between science-based assessments of the changing states of marine ecosystems and the economic valuation of ecosystems goods and services. Interesting material is found in the findings of an expert panel of the Ecological Society of America (Christensen et al., 1996), reports by Zinn and Corn (1994) and NOAA publications (Baker, 1996; Griffis and Kimball, 1996).

Lanters (1999) compared the results of the Oslo Workshop (TemaNord, 1998) with the reports of the Ecological Society of America, ESA, (Christensen et al., 1996) and of the U.S. Interagency Ecosystem Management Task Force (Anon., 1995) to identify some general “rules” for ecosystem management. The U.S. Interagency Ecosystem Management Task Force is responsible for the implementation of the ecosystem approach in day-to-day management. Their major cases are land-based but some management regimes concern coastal areas or inland waters. Their operational task is reflected in their definitions of their major elements of an ecosystem approach (Lanters, 1999). ESA is a professional society of ecologists. ESA seeks to promote the responsible application of ecological principles to the solution of environmental problems through ESA reports, journals, research and expert testimony to Congress. The results of the comparison are presented in Table 5.2.3.1.

These common elements are considered by SGEAM to identify the basic elements for ecosystem management and to construct a framework for the implementation of an ecosystem approach in marine management. The similarity in the issues addressed by the different documents is remarkable. This shows that there is, to some extent, a general view on how an ecosystem approach can be achieved in theory. More recently, ecosystem-based management of marine fisheries has been endorsed in an evaluation report of the U.S. National Research Council (NRC, 1999). SGEAM took all this information to construct a general framework for an ecosystem approach with special reference to the role of science and ICES.

Table 5.2.3.1. A comparison of the basic elements for ecosystem management mentioned by the Oslo Workshop (TemaNord, 1998), ESA (Christensen et al., 1996), and the U.S. Interagency Ecosystem Management Task Force (Anon., 1995) (from Lanters, 1999).

	Oslo Workshop
	ESA
	U.S. Task Force
	Common element

	Sustainable use and protection of the ecosystem 
	Sustainability as a precondition before “deliverables” 
	Sustaining or restoring natural systems and their functions and values (objective)
	Objectives cover sustainability 

	Clear objectives, general and operational
	Measurable goals
	Short- and long-term consequences
	Clear, measurable objectives

	Best use of scientific knowledge
	Sound ecological models and understanding
	Using the best science
	Optimal scientific input

	Research on climatic, biological and human driving forces on ecosystem variability
	The dynamic character of ecosystems. 
Ecosystem management avoids attempts to “freeze” ecosystems in a particular state or configuration
	
	Taking into account natural dynamics

	Integrated monitoring to reveal human impact
	Management approaches must be viewed as hypotheses to be tested by research and monitoring programmes
	Improving information and data management
	Evaluation of measures through monitoring 

	Integrated assessments on environment, socioeconomics and ecology
	Humans as ecosystem components. Ecosystem management values the active role of humans in achieving sustainable management goals
	
	Integrated assessment on environment, socioeconomics and ecology

	Stakeholders, along with scientists, managers and politicians are involved in the decision process
	
	Forming partnerships between federal, state, and local governments, Indian tribes, landowners, and other stakeholders
	Involvement of stakeholders, scientists and politicians

	
	Context and scale. There is no single appropriate scale or time frame for management
	Adjusting management direction as new information becomes available
	Adaptive management

	
	
	Communication with general public
	

	
	
	Coordination among federal agencies 
	


A framework for an ecosystem approach

The following framework (Figure 5.2.4.1) was prepared as the result of discussions within SGEAM on former frameworks, as in the report of the Oslo Workshop (TemaNord, 1998) and Lanters (1999). The framework is constructed on the assumption that specific and operational objectives for the marine environment are already available.

[image: image9.png]














Figure 5.2.4.1. A simplified framework for an ecosystem approach to the management of marine ecosystems to achieve sustainable use of ecosystem goods and services and conservation of ecosystem integrity.

In essence, the framework presented is nothing new. It starts with the action to generate information from the ecosystem and interacting human activities. This is achieved by monitoring to assess the state of the system and through research, giving insight into relationships, interactions, and processes guiding the ecosystem. Together this information feeds the central line and dominating part of the framework, the integrated assessment. The integrated assessment is subject to the objectives that are stated for the marine ecosystem at stake. Comparison of the outcome of the integrated assessment with the objectives will result in (scientific) advice to the management regarding what measures should be considered to achieve the objectives set. This advice is used by managers and policymakers to set up a management regime for the upcoming period. The effect of this new management regime is measured through monitoring. And the process continues over and over again. In the real world there are many interactions between the parties involved and this communication forms an important aspect of the ecosystem approach. Each element in the framework will be discussed in further detail in the next section.

The integrated assessment is a major issue which forces other elements of the framework to deal with integrated issues. For research and monitoring, this can be interpreted as multidisciplinary research and integrated monitoring where, at least, data exchange between different fields of work is common practice. SGEAM recognizes that the process to define operationally specific objectives for the management of marine ecosystems is a major challenge before an ecosystem approach can come into action. This developing process involves the interaction between scientific knowledge, socioeconomic forces, and national and international agreements ending up in a political decision-making process.

Reflections on the framework presented by SGEAM

The application of the framework to North Sea fisheries shows that the elements of the framework are indeed basic. Each of the basic elements hides a complex world underneath. Ecosystem management needs the right building blocks (e.g., scientific knowledge, objectives), but it is also a process that concerns everyone involved. SGEAM is of the opinion that the concept of an ecosystem approach should be applied to all management regimes in a marine ecosystem before it is successfully applied. This does not mean that implementation of ecosystem considerations in the management of human activities should be delayed until all possible actions are undertaken.

The attention for socioeconomics and the strong urge to involve stakeholders in the decision process express that humans and human activities form an inherent component of ecosystem management. Ecosystem management in the North Sea can, in fact, only be done by the regulation of human activities, which is a good reason to include the users in the ecosystem management concept. This choice can possibly have fundamental consequences for environmental management. For many marine activities, the effects are usually less clear than the profits. Therefore, communication and cooperation between scientists and user groups, including NGOs, is essential to reach any new objective.

Scientific Elements in the Ecosystem Approach Framework

Marine ecosystem dynamics

Large marine ecosystems are characterized by a high degree of natural variability, which is a primary driving force for ecosystem dynamics. In addition, there are also strong biological interactions between organisms at various trophic levels in ecosystems. The climatic driving forces can act either directly on species and populations or indirectly by providing conditions for different biological interactions. The climatic forcing and the biological interactions add up to more or less complex patterns of ecosystem dynamics.

Fish stocks are particularly prone to show large variability due to their mode of reproduction and large recruitment variability. Since many commercial fish stocks are large and constitute major components of marine ecosystems, their variability is influencing (reflected in) the variability characteristics of the ecosystems. Also, plankton and benthos may show variation in relation to climatic forcing.

The natural variability in fish stocks, plankton, and benthos is a shifting baseline for the state of the ecosystem which must be taken into account both when conducting environmental assessments and when setting EcoQOs. This means that one must acknowledge the variability and not set fixed objectives, for instance, for populations which may be in contradiction to the natural dynamics. The lack of specific knowledge may, however, make this difficult in many cases.

Integrated assessment

Production of integrated assessments is an important scientific element of an ecosystem approach. There is a need to move from the present assessments of fish stocks and environmental conditions to more holistic and integrated ecosystem assessments. There are at least three steps or levels of integration in this development:

1) integration of environmental information into the assessment of fish stocks;

2) integration of information on fish stocks and fisheries into environmental assessments;

3) integration of socioeconomic considerations into environmental or ecosystem assessments.

Integration of environmental information into assessments of fish stocks offers the promise of better assessments of current status and trends. This is because of the strong influence of climatic variability on the dynamics of many fish stocks. Such use of environmental information is a major focus for operational fisheries oceanography as described earlier by ACME. The implication for ICES is a need to speed up the reporting, compilation and assessment of environmental data from contributing national laboratories to match the time frame for assessing data on the fish stocks.

Integration of information on fish stocks and fisheries into environmental assessments is currently done in the preparation of Environmental Quality Status Reports (QSRs). There is considerable scope for improving the involvement and information of fisheries experts and expertise in collaboration with environmental experts. The scientific challenges are to better assess the indirect effects of fisheries through trophic interactions and habitat deterioration, and to assess and separate the impact of fisheries from the impacts of other human influences such as eutrophication and pollution.

The third step or element of integration involves the consideration of socioeconomics in ecosystem assessments. Fisheries management is, on the one hand, confronted with the multidimensional problem of effects on individual species, communities, and ecosystems and, on the other hand, with sustaining an economically viable fishery. Socioeconomic considerations are the main driving force for fishing and are of major importance in designing and developing a sustainable fisheries. An integrated ecological and economic approach is expected to facilitate the communication between the fisheries sector, and research and management, and to give insight into the strategies used by the fishing industry to achieve maximal economic profit. In the Northwest Atlantic, NOAA’s National Marine Fisheries Service has introduced the use of the five-module framework in fishery assessments that includes consideration of (1) ecosystem productivity, (2) fish and fisheries, (3) pollution and ecosystem health, (4) socioeconomics, and (5) governance (Sherman, 1994).

Integrated indicators such as the Catch per Unit of Effort (CPUE) have the potential to integrate economic and ecological issues. Another approach is to construct assessment methods that provide insight into the multidimensional aspects of fishing activities. An example for the Dutch beam trawl fleet is shown in Figure 5.3.1. Recently the FAO published a report on indicators for sustainable development of marine capture fisheries where the use of integrated assessment tools is supported as well (FAO, 1999). 

Figure 5.3.1. AMOEBA showing an example of an integrated assessment of economic and ecological indicators for the beam trawl fleet. The reference period is 1970–1972, prior to the introduction of heavy beam trawls. (Source: Lanters et al., 1999.)
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Monitoring

To support integrated assessments, monitoring programmes provide updated information on status and trends. There is a need to move towards integrated monitoring in an ecosystem context. Thus, all elements in existing national and international monitoring programmes in a given ecosystem should be reviewed with the aim to incorporate them into an integrated ecosystem monitoring programme following appropriate adjustments. There is a considerable potential for a more comprehensive and efficient utilisation of monitoring results in integrated assessments.

Many commercial fish stocks are monitored regularly through research vessel surveys. In many instances, environmental data are collected during fish stock surveys. An example is provided by the ICES-coordinated IBTS (International Bottom Trawl Survey) in the North Sea. During this cruise, hydrographical data are collected which provide semi-synoptic descriptions of the distribution of water masses and density fields. This has been accepted as a component in the international GOOS programme. Many laboratories also monitor nutrients during the winter IBTS. This has provided some of the most comprehensive data on winter nutrient distribution in the North Sea and was used in the 1993 North Sea QSR; with low additional costs it would be possible to extend this nutrient monitoring as a component of a systemic nutrient budget, productivity and eutrophication monitoring programme.

+ Benthos (?)
BEWG

Ocean climate monitoring and modelling
WGOH

Zooplankton monitoring 
WGZE

HAB monitoring 


WGHAB

Conclusions

SGEAM proposes that ICES establish Regional Ecosystem Groups (REGs) to provide for the preparation of integrated assessment by experts on fisheries and environmental conditions. The work in the REGs should focus on the following tasks:

1) consider the general issue of integration of pertinent assessment information on the changing states of large marine ecosystems in the region, based on regional expertise;

2) prepare periodic assessments of the status and trends in fish stocks and environmental conditions of the LMEs in the region with emphasis on: 

a) climatic/physical driving forces, and 

b) biological (e.g., multispecies) interactions;

3) contribute to environmental assessments and preparation of Quality Status Reports (QSRs) in cooperation with stakeholders, academic institutions, the public, and other organizations (e.g., EEA, OSPAR, AMAP, HELCOM).

The results and products of the REGs would be reviewed and translated into advice by the JASC and, as appropriate, by ACFM and ACME.

The REGs would receive input to their work from thematic WGs such as status of fish stocks from stock assessment WGs, climate status from Oceanic Hydrography, pollution status from Marine Chemistry and Biological Effects, etc. The output from the REGs would in reverse be used as input to stock assessment WGs and WGs dealing with specific environmental issues such as harmful algal blooms or fish diseases. It is furthermore likely that the number of thematic WGs could be reduced as some of the tasks would be taken over by the REGs. 
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Review the methodology and proposals for Ecological Quality Objectives for the North Sea

Ronald Lanters and Hein Rune Skjoldal gave an introduction to the two reports from the Scheveningen and the Oslo Workshops, published in the TemaNord series of the Nordic Council of Ministers as TemaNord 1999:591 and TemaNord 1998:579, respectively. The two reports covered a wide spectrum of topics and were based on intensive work of scientists as well as of managers, both in the preparation for and during the workshops. SGEAM briefly discussed the two reports and concluded that they are a most valuable contribution to the process of preparing Ecological Quality Objectives for the North Sea. The formation of EcoQOs is an integral part of the ecosystem management framework put forward in Section 5 of this report.

SGEAM felt it appropriate to point out the fact that, while some Ecological Quality Objectives may be specific to a particular ecosystem, the basic principles for establishing EcoQOs are of a general nature.

The report from the Scheveningen Workshop proposes a set of ten issues for Ecological Quality Objectives for the North Sea, namely:

1) reference points for commercial fish species;

2) threatened or declining species;

3) sea mammals;

4) seabirds;

5) fish communities;

6) benthic communities;

7) plankton communities;

8) habitats;

9) nutrient budget and production;

10) oxygen consumption.

The Scheveningen report states that the proposal of these ten issues should be the basis for further work. The ten issues were used in a paper presented by the OSPAR Secretariat to the meeting of the Environmental Assessment and Monitoring Committee (ASMO) in Hamburg, 27–31 March 2000.

SGEAM felt that the ASMO proposal had brought EcoQOs for the North Sea a step further to being implemented by management. SGEAM recognized the importance of scientific input based on insight into basic ecological principles in the further work. ICES should therefore take an active role in the development of EcoQOs. A suggested work programme with indicated involvement of ICES WGs needs to be developed. However, it should be noted that the ASMO document lacks the details contained in the Scheveningen report, which are important to consider when further developing EcoQOs. This should be taken into account when proposing the next stage in the development of specific EcoQOs and, by referring back to the original workshop report, duplication of effort by repeating discussions conducted at the workshop will be avoided.

When adopting an ecosystem approach to management, SGEAM noted that the ten issues listed from the Scheveningen Workshop should be considered together in an integrated manner. Measurement of single EcoQOs in isolation is not in line with an ecosystem approach, and it should be emphasised that a holistic assessment of the ecosystem requires the measurements of EcoQOs from all ten issues.

The development of EcoQOs is seen as an important component in the implementation of an ecosystem assessment (EA) for the management of the North Sea. SGEAM wants to stress the importance of taking full account of the interactions between biotic and abiotic components in the integrated assessment and management of marine ecosystems. The final development and application of EcoQOs up against integrated assessments should be done by a group of experts with broad knowledge of the North Sea ecosystem and the human activities affecting it.

By adopting an ecosystem approach to assessment and management, all management decisions have to be based on an analysis of consequences considering effects on the ecosystem. The purpose of ecosystem management is not to have a stable unchanged ecosystem, but to secure a plan for management that avoids unexpected and undesirable changes within the system.

SGEAM felt that only specially designed working groups with a broad knowledge of the actual ecosystem would be able to consider both biotic and abiotic effects on ecosystems and give advice on the management of these ecosystems.

Evaluate the use of results from monitoring programmes and their effectiveness to support integrated (ecosystem) assessments in the ICES area

This discussion was primarily based on the OSPAR regional and 2000 Quality Status Reports for the Northeast Atlantic and the HELCOM Third Periodic Assessment of the Baltic Sea.

Monitoring of the various components of the marine environment and its living marine resources forms the necessary basis for carrying out assessments of the status of ecological quality and resultant progress towards achieving ecological quality objectives (e.g., reduced levels of pollutants, more viable fisheries within sustainable ecosystems).

In order to monitor the status of the environment and its living marine resources, a programme of measurements and information gathering must be conducted in time and space. As national networks of collaborating laboratories and other institutions in many countries collect the data, it is necessary that data be collected according to agreed protocols involving their intercomparison and quality assurance. On the basis of quality-assured data, periodic assessments are then carried out—often involving peer review and necessary consensus—in order to provide the best available scientific information and advice for the political decision-making process for management (e.g., regulatory) purposes. Thus, it is vital that the underpinning process starting with monitoring provides both the appropriate quantity and quality of data so that those involved in the scientific and political processes can agree on the status and trends concerning the ecosystem and its components.
Due to the limited time and number of participants at the SGEAM meeting, only some of the OSPAR regional reports were reviewed. SGEAM’s impressions of these reports are summarized below.

As Table 7.1 shows, the sources of information for the Region I QSR are a mixture of time series data, monitoring data, fisheries statistics, case studies, and general opinion. This is also the case for OSPAR Region II (Table 7.2). The sources of high impact are in general better documented through regional monitoring or time series data compared with sources of lower impact, but to be able to secure the scientific basis which was demanded from the OSPAR Convention, there is need for a coordination of data input from the different countries that are responsible for data collection in the OSPAR regions.

Table 7.1. OSPAR Region I QSR.

	Impact source
	Observed effects
	Source of concern
	Source of information

	Fisheries
	Large
	Stock size reference points
	Monitoring.
Fisheries statistics

	
	Large
	Population composition
	Monitoring. Scientific data.
Time series.

	
	Large
	Trophic interactions
	Monitoring.
Scientific data.

	
	Large
	Discards and non-target species
	General opinions.

	
	Large
	Habitat destruction
	Scientific data.
General opinions.

	
	Large
	Fisheries vs. Seabirds
	Monitoring.
Time series.
Scientific data.

	Sea mammals
	Large
	Population size reference points
	Monitoring.
Scientific data.
Time series.

	PCBs
	Medium
	Level of PCBs in the system
	Studies?
General opinions

	
	Medium
	Biological effects of PCBs
	Scientific data.

	Other persistent organic compounds 
	Medium
	Level and biological effects
	Scientific data.
Time series.

	Mariculture
	Medium
	Genetic “pollution” of wild stocks
	Studies. 
General opinion.

	
	Medium
	Increased infections of parasites and diseases on wild stocks
	Studies. 
General opinion.

	Oil and gas
	Medium
	General environmental risk
	Scientific data.
General opinion.

	PAHs
	Small
	Level and biological effects
	General opinions

	Metals
	Small
	Level and biological effects
	Scientific data
Time series
General opinions

	Radionuclides
	Small
	Levels
	Time series

	Introduced species
	Small
	Biological effects
	General opinions


Table 7.2. OSPAR Region II QSR.

	Classification
	Source of concern
	Area covered
	Type of data

	High impact
	Removal of target species by fisheries
	Regional
	Monitoring

	
	Inputs of trace organic contamination
	Regional
	Monitoring

	
	Seabed disturbance by fisheries
	Local
	Studies

	
	Inputs from nutrients from land
	Regional
	Monitoring

	
	Effects of discards and mortality of non-target species
	Local
	Studies

	
	Input of TBT and other antifouling substances by shipping
	Regional
	Monitoring

	Upper intermediate impact
	Input of oil and PAHs from oil industry
	Regional
	Monitoring

	
	Input of oil and PAHs from shipping
	Local
	Monitoring

	
	Input of other hazardous substances from oil and gas industry
	Regional
	Monitoring

	
	Input of other hazardous substances from shipping
	Local
	Studies

	
	Input of heavy metals from land
	Regional
	Monitoring

	
	Input of oil and PAHs from land
	Regional
	Monitoring

	
	Introduction of non-indigenous species from shipping
	Regional
	Studies

	
	Introduction of cultured specimens, non-indigenous species and diseases from mariculture
	Local
	Studies

	
	Inputs of microbiological pollution and organic material from land
	Regional
	Monitoring

	Lower intermediate impact
	Physical disturbance by offshore industry
	Local
	Studies

	
	Input of litter from shipping
	Local
	Studies

	
	Dispersion of substances by dredging and dumping of dredged material
	Local
	Monitoring

	
	Dumping of ammunition by military activities
	Local
	Studies

	
	Constructions in the costal zone by engineering
	Local
	Studies

	
	Input of chemicals by mariculture
	Local
	Studies

	
	Mineral extraction
	Local
	Studies

	
	Input of nutrients and organic material from mariculture
	Local
	Studies

	
	Physical disturbance by dredging and dumping of material
	Local
	Monitoring

	
	Inputs from radionuclides from land
	Local
	

	Lowest impact
	Physical disturbance by shipping
	
	

	
	Input of litter by recreation
	
	

	
	Physical disturbance by military activities
	
	

	
	Physical disturbance by recreation
	
	

	
	Power cables by engineering operations
	
	

	
	Dumping of inert material
	
	


The overall general impression is that the conclusions in the reports are not as precise as wished. In many cases it seems that the conclusions are not made on the basis of adequate monitoring. However, there are examples where time series from monitoring programmes have proved effective for drawing conclusions. In particular, this is the case where monitoring of contaminants has been undertaken over a period of time long enough to establish trends. This type of monitoring is, however, seldomly seen in the context of an ecosystem approach but rather as single measurements of specific contaminants in different matrices.

SGEAM is of the opinion that monitoring programmes should be required to include measurements of parameters that can explain the development of both the biotic and abiotic driving forces of the actual ecosystem. In the process of assessing an ecosystem, weight should also be placed in describing the goods and services of that particular ecosystem; this aspect should also be reflected in the monitoring programmes.

NOAA’s National Marine Fisheries Service has developed and implemented a multi-decadal programme for the monitoring and assessment of changing states of the Northeast Shelf Large Marine Ecosystem. Key components of the programme include measurements of ecosystem productivity, fish and fisheries, and pollution and ecosystem health, derived from NOAA’s National Status and Trends Measurements. A general description of the strategy and methodologies used is given in Annex 5.

Outline a programme of work for the next five years

The time available at the meeting did not allow for a particular discussion of this agenda item. It was, however, indicated that the items in the TOR already given to SGEAM (see Section 1.1) and not dealt with at this meeting (agenda items 8 and 9) in themselves included sufficient work for the next meeting. In addition to these two items SGEAM should be given the task of considering terms of reference for the proposed Regional Ecosystem Groups (REGs) and, as a consequence of a possible creation of REGs, also to propose a set of regional ecosystems within the ICES area and to propose the requested scientific composition of membership in the proposed REGs.

Any other business

No issues were raised under this agenda item at the meeting.

Consideration and approval of recommendationS

SGEAM concluded that the main effort of the meeting was put into agenda item 5, where a proposal for establishing Regional Ecosystem Groups (REGs) within the ICES area was presented (Section 5.4), and that this proposal should be introduced for discussion in the ICES system. The proposal is given in Annex 6.

Proposal for a further meeting

SGEAM was of the opinion that the next meeting should take place in the ICES Headquarters in late spring 2001, but allowing for sufficient time for preparation of a draft report of the meeting to be presented to the June 2001 meeting of the ACME. By having a late meeting it was believed that relevant working groups of ICES could have considered the proposal for establishing REGs, and in particular commented on regional divisions and scientific composition of the REGs.

Consideration and approval of the meeting report

The draft bits of the text were approved and it was agreed that the Chair should prepare a final draft report to the ACME June meeting after having circulated the draft to the participants for comments via e-mail. It was further agreed that the Chair should, in cooperation with the ICES Secretariat, prepare the final report of the SGEAM 2000 meeting to be submitted to the ICES Annual Science Conference.

Closure of the meeting

The Chair thanked the participants for a most interesting and intense meeting, which in his opinion had reached some very important goals due to the effort laid down by the participants and the valuable knowledge they possessed. The Chair also made a comment of the fact that he had feared for the outcome of the meeting given the rather moderate interest from the ICES scientific community prior to the meeting. The Chair took the liberty once more to point to the great efforts laid down in attracting attendants to the meeting and repeated his remarks from the introductory section of this report. However, in spite of not having managed to deal with the whole set of TORs given to the Study Group it was felt that the report from the meeting would be an important document and also a most needed document for the discussion of the future of ICES.

On behalf of SGEAM, the Chair thanked the staff of ICES for their friendly help and hospitality, and closed the meeting at 16.00 hrs on Friday 12 May 2000.
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ANNEX 2: agenda

1) Opening of the meeting.

2) Adoption of the agenda.

3) Arrangements for the preparation of the report.

4) Reports of activities in other fora of interest to the meeting.

5) Discussion of the scientific framework for an ecosystem approach for sustainable use and protection of the marine environment, including living marine resources. The discussion will be based on the reports of the North Sea conference’s Oslo and Scheveningen workshops and the ICES discussion document on ecosystem management of the Baltic Sea.

6) Review the methodology and proposals for Ecological Quality Objectives for the North Sea.

7) Evaluate the use of results from monitoring programmes and their effectiveness to support integrated (ecosystem) assessments in the ICES area. Discussion based primarily on the OSPAR regional and 2000 Quality Status Reports for the Northeast Atlantic and the HELCOM Third Periodic Assessment of the Baltic Sea.

8) Review existing regional monitoring programmes in order to:

a)
identify management questions/objectives and environmental issues,

b)
identify ecological quality objectives,

c)
identify indicators

d)
identify methods for integrating indicator results into a regional assessment.

9) Review existing regional and international monitoring programmes in order to:

a)
synthesise management questions/objectives, ecological quality objectives, and environmental issues,

b)
synthesise indicators for each management question/objective, and for each ecological quality objective,

c)
identify best or most promising methods for integrating indicator results into regional assessments for the ICES area.

10) Outline a programme of work for the next five years.

11) Any other business.

12) Consideration and approval of recommendations.

13) Proposals for a further meeting.

14) Consideration and approval of the meeting report.

15) Closure of the meeting.
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Annex 4: SUMMARY AND CONCLUSIONS FROM THE WORKSHOP ON THE ECOSYSTEM APPROACH to the management and protection of the north sea

The workshop was arranged in the framework of the North Sea Conference. Invited speakers presented relevant topics in plenary sessions (abstracts in Annex VI). Parallel group discussions were arranged in session II and II. In the final summary session IV, the discussion was structured according to a suggested framework for an Ecosystem Approach as illustrated by the flow chart in Figure A4.1. The following conclusions were drawn from the plenary discussions:

1) It may be difficult or impossible to manage the North Sea towards a desired ecosystem state. We may, however, manage the human activities in an integrated manner to achieve sustainable use and protection of the North Sea.

The North Sea is an open ecosystem with complex interactions and considerable natural variability. This, along with our limited understanding of these interactions and variability, set limits to our ability to manage the North Sea as an ecosystem. It is, however, clear that some human activities result in changes to the North Sea ecosystem. These human activities may be managed in order to keep the impacts and changes within acceptable limits, in accordance with the principle of sustainable use and protection of the North Sea ecosystem.

2) There is a need for agreed upon definitions of terms such as “ecosystem” and “ecosystem approach”.

The definition of “Ecosystem Approach” was discussed, but the workshop did not draw a conclusion. Some definitions and explanations of the concept are given in Annex III. A clear and agreed upon terminology is required to avoid misunderstandings based on semantic rather than substantial differences of opinion. Important elements of a definition are the interlinked nature of organisms as components of ecosystems.

3) Clear objectives for an Ecosystem Approach to the management and protection of the North Sea must be formulated. There is a need for objectives both at the general level, as overall or integrated objectives, and at the specific level, as more detailed and operational objectives.

It is a political responsibility to establish objectives for both ecosystem function, as well as human use, based on advice from scientists, managers, and stakeholders. General objectives have been formulated in the Statement of Conclusions from the IMM 97 in Bergen. The development of Ecological Quality Objectives in the Oslo-Paris Convention (OSPAR) may provide more clearly defined general objectives as a framework for more specific operational objectives related to fish stocks and the marine environment. It would be useful if these and any new scientific fishery related objectives were developed in time to be included as part of the new EU Common Fishery Policy.

4) The management of the North Sea should be based on the best use of the present scientific knowledge. In particular, there is a potential for more extensive use of existing ecological knowledge.

Management decisions have to be taken continuously even if the scientific basis is limited. The current monitoring of fish stocks and environmental conditions provide information for management decisions. This information may be integrated more extensively as a basis for management advice. Ongoing work in the International Council for the Exploration of the Sea (ICES) may provide advice on how to achieve this.
5) The present knowledge of the North Sea as an ecosystem does not provide a sufficiently good basis for full implementation of an Ecosystem Approach to the North Sea management. There is, therefore, a need for focused research on the North Sea ecosystem, including climatic, biological and human driving forces of ecosystem variability.

Despite a long history of research and monitoring, the knowledge of the North Sea as an ecosystem is still insufficient, and a systematic and holistic Ecosystem Approach to the study of the North Sea is insufficiently developed. Ecosystem research can provide a systematic framework for identifying important gaps in knowledge and for filling those gaps. In this process it is important that managers and politicians specify and communicate their needs for information and advice.

6) The present monitoring of the North Sea is often insufficient to reveal human impacts on the ecosystem. There is a need for improved, integrated monitoring through coordination and harmonisation of existing national and international monitoring activities, as well as through implementation of new methods and technology.

While research provides basic knowledge and insight into the functioning of the North Sea ecosystem, monitoring provides updated information about the state of components of the ecosystem. Important features of the ecosystem dynamics are long-term and large-scale variability related to fluctuations or changes in climatic driving forces. Monitoring can provide data on such variability which is used in research to reveal the underlying mechanisms. It is important that monitoring activities are linked to objectives. Monitoring programmes for collection of ecological and socioeconomic information must, therefore, be adjusted as new objectives are being developed as part of an ecosystem approach. There is at present a considerable amount of monitoring being carried out for various purposes, most of it as national programmes. However, there is a considerable potential for improved collection and utilisation of data through coordination and harmonisation of ongoing national and international monitoring activities. There is also a need to implement new and better methods and technologies in monitoring programmes. ICES, OSPAR, and the Global Ocean Observing System (GOOS) are international bodies which are already contributing and may contribute in future to the harmonisation and further development of monitoring in the North Sea.
7) There is a need for integrated assessments prepared by experts on North Sea fish stocks, environment and socioeconomics.

Assessments of available information from monitoring and research provide the basis for scientific advice and management decisions. Integration of fisheries, environmental and socioeconomic issues require integrated scientific advice and assessments. The integrated assessments should be prepared by experts on North Sea fish stocks and the North Sea environment in close collaboration To avoid duplication of work and to secure cost-effectiveness, this could be carried out as coordinated or joint activities between the relevant international bodies (i.e., ICES, OSPAR, European Environment Agency (EEA)). One possible approach to assessment is the development of indicators of change based on socioeconomic and ecological research. These indicators should be linked to objectives and they should be practical in management use (measurable yardsticks).

8) Stakeholders, along with scientists, managers, and politicians, should be involved at different stages of the decision process to promote openness, transparency and responsibility.

Involvement of stakeholders in the management process is important to achieve sustainable utilisation of marine ecosystems. Stakeholders should be involved in the various steps including the setting of objectives, assessment of scientific information and utilisation of scientific advice for management decisions. The scientific basis should be clearly outlined and the advice should be clearly stated. Scientific and political considerations, although interlinked, should be kept separate. This will improve the transparency in the decision-making process and will clarify the different roles and responsibilities of stakeholders, scientists, managers, and politicians. However, to achieve common objectives for an Ecosystem Approach, adequate communication between stakeholders, scientists, managers, and politicians within an already existing institutional framework is of major importance.

Figure A4.1. A conceptual framework for an Ecosystem Approach to the management and protection of the North Sea. The flowchart shows elements in a stepwise and scientifically based management process.



















Annex 5: Why regional coastal monitoring for assessment of ecosystem health?
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Public Concerns and Responses

During recent years, the public and the scientific communities have signaled concern over growing degradation of ecosystem health, depleted fisheries, pollution, and habitat loss. Public concern has been registered in newspapers, electronic media, and congressional actions. Scientific concern has moved from the pages of journals to the actions of professional societies, as for example the Sustainable Biosphere Initiative of the Ecological Society of America (Lubchenco et al., 1991). Responsive actions at the national and international levels have resulted in Conventions and Protocols on Climate Change, Biodiversity, Ozone, and internationally recognized declarations for sustaining marine fisheries.

Recovery of ecosystem health, depleted marine resources, and environments are vital to coastal countries and their economies. Published commentary on how best to improve the degraded state of resources and coastal environments are not without controversy. While some scientists are concerned with the lack of consistent success in the management of marine resources (Ludwig et al., 1993), others stress the utility of science-based assessments as a key component of marine resource management practices (Rosenberg et al., 1993). Given the growing stress from the expanding human population on coastal ecosystems, stewardship institutions cannot wait for science to achieve a full understanding of ecosystem structure and function. The best presently available science is needed to monitor and assess changing ecosystem conditions and implement mitigating actions. In the northeast and northwest Atlantic scientists have been collecting information for the past forty years describing the declines in marine fisheries, habitats, and water quality. But it was not until the later half of the 1990s that government policies were coupled with actions to accelerate a reversal of overexploitation and environmental degradation. In the United States, among the more forward-looking legislative acts mandating improvements in coastal environments and promoting fisheries sustainability can be found in recent amendments to the Magnuson-Stevens Fishery Conservation and Management Act, and the National Environmental Policy Act.

In the late 1970s, in response to public concerns resulting in Congressional mandates for improving coastal water quality and fisheries sustainability, NOAA's National Marine Fisheries Service initiated systematic bottom-trawl surveys of the fish inhabiting the Northeast continental shelf. Oceanographic, plankton, and water quality surveys followed, and the transition from a sector-by-sector approach to resource and environmental monitoring, assessment, and management actions advanced toward an ecosystem-based strategy for improving the health of coastal waters.

Ecosystem Monitoring and Assessments

The Ecological Society of America 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). This approach represents a paradigm shift from the highly focused short-term sector-by-sector resource assessment and management approach in general practice today by natural resource stewardship agencies, to the broader more encompassing ecosystem approach that moves spatially from smaller to larger scales, and from short-term to longer-term management practice (Lubchenco, 1994). Included in the new paradigm is a movement from the management of commodities to the sustainability of the productive potential for ecosystem goods and services (Table A5.1).

This approach builds on an earlier application of “an ecosystem approach” to management of the Great Lakes Basin Ecosystem (Great Lakes SAB, 1978; Duda, 1990), and more recent efforts in developing an ecosystem assessment approach for the management of the North Sea (OSPAR, 1993; Reid, 1999; TemaNord, 1999), the Northeast Shelf of the USA (Sherman et al.,1996), the Baltic Sea (ECOPS et al., 1995), and the Yellow Sea (Lee and Sutinen, 1999). The ecosystem approach recognizes humankind and economic/social systems as being integral parts of the ecosystem. The Great Lakes approach led to agreements between the USA and Canada to follow longer-term pathways for sustainable use of ecological resources. The two decades of experience in struggling to operationalize this ecosystem approach has resulted in management programs to reverse the trend in coastal degradation. Ecosystem-based management of fisheries has recently been endorsed by the National Research Council (1999).

The ecosystem-based approach has relevance to the management of large marine ecosystems (Figure A5.1). On a global scale, fifty Large Marine Ecosystems (LMEs) produce 95 percent of the world's annual marine fishery yields and within their waters most of the global ocean pollution, overexploitation, and coastal habitat alteration occurs (AAAS 1986, 1989, 1990, 1991, 1993; Sherman et al., 1996; Kumpf et al., 1999; Sherman and Tang, 1999). The LMEs are regions of ocean space encompassing coastal areas from river basins and estuaries out to the seaward boundary of continental shelves and the outer margins of coastal current systems. They are relatively large, on the order of 200,000 km2 or greater, characterized by distinct bathymetry, hydrography, productivity, and trophically-dependent populations. The theory, measurement, and modelling relevant to monitoring the changing states of LMEs are imbedded in reports on ecosystems with changing ecological states, and on the pattern formation and spatial diffusion within ecosystems (Holling, 1973; Pimm, 1984; AAAS, 1990; Mangel, 1991; Levin, 1993; Sherman, 1994). In relation to the studies needed to improve the state of knowledge, it should be noted that for thirty-three of the fifty LMEs, retrospective analyses have been conducted on the principal driving forces affecting changes in biomass yields (Table A5.2).

Assessment Modules

Based on information obtained from the 33 LME case studies, a modular strategy has been developed to provide information for the monitoring, assessment, and management of LMEs.

The modules are focused on ecosystem (1) productivity, (2) fish and fisheries, (3) pollution and health, (4) socioeconomic conditions, and (5) governance protocols.

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). Evidence of this effect appears to be corroborated by recent changes in the species composition of the fisheries catches from the East China Sea LME (Chen and Shen, 1999). Measuring ecosystem productivity also can serve as a useful indication of the growing problem of coastal eutrophication (OSPAR, 1993). 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 nonindigenous 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, N02, 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 (Jossi and Goulet, 1993; Planque and Taylor, 1998). Advanced plankton recorders can be fitted with sensors for temperature, salinity, chlorophyll, nitrate/nitrite, petroleum hydrocarbons, light, bioluminescence, and primary productivity (Aiken et al., 1999), providing the means to monitor 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.

The Fish and Fisheries Module

Changes in biodiversity among the dominant species within fish communities of LMEs have resulted from excessive exploitation (Sissenwine and Cohen, 1991), naturally occurring environmental shifts in climate regime (Bakun, 1993), or coastal pollution (Mee, 1992). 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 (Payne et al., 1990). These three sources of variability in fisheries yield are operable in most LMEs. However, they can be described as primary, secondary, and tertiary driving forces in fisheries yields, contingent on the ecosystem under investigation. 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 (Crawford et al., 1989; Alheit and Bernal, 1993; Bakun, 1999); 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 (Sissenwine, 1986; Tang, 1993). In these ecosystems, pollution and environmental perturbation are of secondary and tertiary influence.

In contrast, significant coastal pollution and eutrophication have been the principal factors driving changes in fisheries yields of the Northwest Adriafic (Bombace, 1993), Black Sea (Mee, 1992), and near-coastal areas of the Baltic Sea (Kullenberg, 1986). Overexploitation and natural environmental changes are of secondary and tertiary importance. Consideration of the driving forces of change in biomass yield based on multi-year time-series data is important when developing options for management of living marine resources for long-term sustainability.

The Fish and Fisheries Module includes fisheries-independent bottom-trawl surveys and acoustic surveys for pelagic species to obtain time-series information about 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. Fish catch provides biological samples for stock assessments, stomach analyses, age, growth, fecundity, and size comparisons (ICES, 1991); 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. Trawlers also can be used as platforms for obtaining water, sediment and benthic samples for monitoring harmful algal blooms, virus vectors of disease, eutrophication, anoxia, and changes in benthic communities.

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. Methods to assess the health of LMEs are being developed from modifications to a series of indicators and indices described by several investigators (Costanza and Mageau, 1999). The overriding objective is to monitor changes in health from an ecosystem perspective as a measure of the overall performance of a complex system (Costanza, 1992). The health paradigm is based on multiple-state comparisons of ecosystem resilience and stability (Pimm, 1984; Holling, 1986; Costanza, 1992) and is an evolving concept.

Following the definition of Costanza and Mageau (1999), 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 These concepts were discussed by panels of experts at two NOAA workshops convened in 1992 (NOAA, 1993) and at a series of workshops convened by the Nordic Council of Environmental Ministers (Lanters et al., 1999). Five of the indices discussed by the participants in both series of workshops are being considered as experimental measures of changing ecosystem states and health: (1) biodiversity; (2) stability; (3) yields; (4) productivity; and (5) resilience (Sherman and Solow, 1992; TemaNord, 1999). Data from which to derive the experimental indices are obtained from time-series monitoring of key ecosystem parameters. The ecosystem sampling strategy is focused on parameters relating to resources at risk of 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). The parameters of interest are described in Sherman (1994).

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 (NOAA, 1998; Wade et al., 1998). 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 (Myers et al., 1998). 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 (Smayda, 1991) and emergent diseases (Epstein, 1993) are included in the pollution module.

The 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 will need to 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 (Hanna, 1998).

Designed to respond adaptively to enhanced scientific information, socioeconomic considerations and management approaches must be closely integrated with the science. This component of the LME approach to marine resources management, developed by the late James Broadus, former Director of the Marine Policy Center, Woods Hole Oceanographic Institute, consists of six interrelated elements:

1) Human Forcing Functions

The natural starting point is a generalized characterization of ways in which human activities affect the natural marine system and the expected “sensitivity” of these forcing functions to various types and levels of human activity. Population dynamics, coastal development, and land use practices in the system's drainage basin are clear examples. Work integrating the efforts of natural and social scientists should concentrate further on resolving apparent effects (such as eutrophication-associated red tide events or changing fish population structures) that are confounded by cycles or complex dynamics in the natural system itself Progress is possible, too, in achieving better characterizations of the way in which human activities affecting ecosystems are mediated by alternate management options. Emphasis should be on isolating and quantifying those forcing activities (sewage discharge, agricultural runoff, fishing effort) likely to be expressed most prominently in effects on the natural system.

2) Assessing Impacts

Another natural element in the systemic approach is to estimate and even predict the economic impacts of unmanaged degradation in a natural system and, obversely, the expected benefits of management measures. Such assessment is a form of standard benefit-cost analysis, but it requires scientific information to describe the effects of human forcing so they can be quantified in economic terms. Initial analysis should focus on the social and economic sectors likely to experience the largest impacts: fishing, aquaculture, public health, recreation, and tourism.

3) Feedbacks

Collaborative efforts between resource management agencies and stakeholders also should be devoted to reviewing the results of analyses used in identifying and estimating the feedbacks of economic impacts into the human forcing function. For example, extensive coastal eutrophication asociated with coastal development and runoff might reduce the suitability of coastal areas for aquaculture production and increase their exposure to red tide damage, thereby putting a premium on capture fishery and increasing pressure on wild stocks. Similar feedback, both negative and positive, should be addressed and expressed in economic terms for all the major sectors.

4) Ecosystem Service/The Value of Biodiversity

Special consideration should be given to improved knowledge of how the natural system generates economic values. Many valuable services provided by natural systems are not traded in markets or included in planning evaluations, so extra care must be taken to assure they are not sacrificed through ignorance. The services provided by coastal wetlands as nurseries for fisheries, natural pollution filters, and storm buffers are well-known examples particularly relevant to coastal reclamation activities now underway by NOAA and other federal and state agencies. Other examples are more subtle, including the importance of predator-prey relationships and the possibility of losing unrecognized “keystone” species in a valuable ecosystem. Experience indicates that growing economic values of aesthetic and recreational or tourism amenities are to be expected in LMEs. Various sources of economic value arising from the natural diversity of the LME should be identified and assessed in regard to existing uses and potential management innovations.

5) Environmental Economics

Many of the elements described in this section comprise topics in Environmental Economics. Specialists in that field attempt to estimate the economic values (both use and non-use) associated with environmental resources and to identify conditions associated with their optimal management (to derive the greatest net benefits for society). An important element is the collaboration between scholars from developing and developed nations to transfer and adapt to the needs and techniques of Environmental Economics.

6) Integrated Assessment

The ultimate objective is integration of all the results achieved above, with scientific characterizations of the LME, into a comprehensive analytic framework (decision support environment) that will permit integrated assessment of human practices, effects, and management options in the region. Such work is at the forefront of recent research on the human dimensions of global environmental change as well as research on human interactions with natural marine systems.

Governance Module

The Governance Module is evolving based on case studies now underway among ecosystems to be managed from a more holistic perspective than generally practiced in the past In projects supported by the Global Environmental Facility (GEF)—for the Yellow Sea ecosystem, the Gulf of Guinea 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. Among other LMES, the Great Barrier Reef ecosystem is being managed from an holistic ecosystems perspective (Kelleher, 1993), along with the Northwest Australian Continental Shelf ecosystem (Sainsbury, 1988) being managed by the state and federal governments of Australia. The Antarctic marine ecosystem is being managed from an ecosystem perspective under the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) and its 21-nation membership (Scully, 1993). Movement toward ecosystems management is emerging for the North Sea (OSPAR, 1993), Barents Sea (Eikeland, 1992), Black Sea (Hey and Mee, 1993) and Baltic Sea. Recent reports have examined options for improving linkages between the science-based Fish and Fisheries and Ecosystem Health Modules to the Socioeconomic (Sutinen et al., 1998) and Governance Modules (Juda, 1999).

Ecosystem Health and the “Why” Paradigm for Monitoring and Assessment

Before the 1992 Earth Summit in Brazil, the Global Environment Facility (GEF) was established within the World Bank as a pilot programme to test new approaches and innovative ways to respond to global environmental challenges in four focal areas: climate change, biodiversity conservation, ozone depletion, and international waters. In March 1994, after 18 months of intergovernmental negotiations, agreement was reached in Geneva to transform the GEF from its pilot phase into a permanent financial mechanism. The restructured facility, which has so far committed more than $2.5 billion in grant funding, is open to universal participation (currently 165 countries) and builds upon the partnership between the United Nations Development Programme (UNDP), the United Nations Environment Programme (UNEP), and the World Bank—which are its implementing agencies. In addition to the four focal areas, activities to address land degradation are also eligible for funding insofar as they relate to one or more of the four focal areas.

According to its Operational Strategy (GEF, 1996), the GEF will fund projects and programmes that are country-driven and based on national priorities designed to support sustainable development. In the international waters area, GEF’s objective is to contribute primarily as a catalyst to the implementation of a more comprehensive, ecosystem-based approach to managing international waters and their drainage basins as a means of achieving global environmental benefits (Sherman and Duda, 1999). The GEF implementing agencies assist countries to find means of collaborating with neighboring countries in international waters projects. The GEF addresses priority transboundary concerns consistent with Chapters 17 and 18 of Agenda 21 made at the 1992 Earth Summit (Duda and Cruz, 1998). Scientists and natural resource managers from 59 countries representing environmental and fisheries ministries recognize the usefulness of LME geographic designation as an ecologically based assessment and management unit for coastal and marine resources, and have developed or are in the process of developing proposals for implementing LME projects under the Operational Strategy of the Global Environment Facility (Table A5.3).

From this growing LME activity a paradigm is emerging that is moving forward monitoring and assessment and management practices from single species to multispecies, from small spatial scales to larger spatial scales, from short-term management perspectives to long-term perspectives, and from managing single commodities to sustaining the production potential for a wider array of marine ecosystem goods and services.

Ecosystem management necessitates intergovernmental and intersectoral governance accommodation. This is why governmental stewardship agencies will have to identify barriers to interagency coordination and why they must develop alliances and partnerships with non-federal agencies and private sector stakeholders. Ecosystem management must be able to cope with the uncertainty associated with the complexity of ecosystems as natural systems, and the organizational and institutional complexity of the implementation environment (Acheson, 1994). The fit between the spatial and temporal scales of government jurisdictions on the one hand and ecosystems on the other requires investigation of ways to connect ecosystems through “networked institutions” at federal state, local, and NGO levels. How these institutions must adapt to deal with the complexity of the ecosystem and the complexity of the governance system in order to achieve an optimal mix of benefits and costs is a fundamental issue (Creed and McCay, 1996).

The complex interplay of socioeconomic, ecological, political and legislative processes underscores the need for an integrated approach to the governance and management of drainage basins, coastal areas and linked continental shelves and dominant current systems.

The LME monitoring and assessment approach is designed to be integrative. It provides a framework for linking the governance aspects of modular monitoring and assessment with the management of drainage basins and coastal areas with continental shelves and dominant coastal currents. The approach (i) addresses the many-faceted problem of sustainable development of marine resources; (ii) provides a framework for research monitoring, assessment and modelling to allow prediction and better management decisions; and (iii) aids in focusing marine assessments and management on sustaining productivity and conserving the integrity of ecosystems. The World Bank and the Global Environment Facility (GEF) have adopted the LME approach to marine ecosystem research and management, viewing it as “an effective way to manage and organize scientific research on natural processes occurring within marine ecosystems to study how pollutants travel within these marine systems”.

According to Sutinen et al. (1998) one of the most challenging aspects of ecosystem management, especially for LMEs, is “[t]he mismatch between the spatial and temporal scales at which people make resource management decisions and the scales at which ecosystem processes operate” (Christensen et al., 1996). Christensen and his co-authors, writing for the Ecological Society of America, went on to lament that “we have identified few mechanisms to translate the actions occurring within individual forest ownership or local fishing communities into strategies to reconcile competing demands for resources or promote a regional vision for sustainability.” Property rights establish the incentives and time-horizons for resource use and investment (Libecap, 1989). From a governance perspective the property rights paradigm coupled with the science-based monitoring and assessment modules can serve as the framework necessary to implement LME resource governance and management policies for long-term economic growth and resource sustainabillity.
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Table A5.1. Some of the substantive changes between traditional resource management and ecosystem management (from Lubchenco, 1996).

	ECOSYSTEM MANAGEMENT: A PARADIGM SHIFT

	From
	To

	Individual Species
	Ecosystems

	Small Spatial Scale
	Multiple Scales

	Short-term Perspective
	Long-term Perspective

	Humans: Independent of Ecosystems
	Humans: Integral Parts of Ecosystems

	Management Divorced from Research
	Adaptive Management

	Managing Commodities
	Sustaining Production Potential for Goods and Services


Table A5.2. 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.

	Large Marine Ecosystem
	Volume No.
	Authors

	U.S. Northeast Continental Shelf
	1
4
6
	M. Sissenwine
P. Falkowski
S. Murawski

	U.S. Southeast Continental Shelf
Gulf of Mexico
	4
2
4
9
	Y. Yoder
W. Richards and M. McGowan
B. Brown et al.
R. Shipp

	California Current
	1
4
5
	A. MacCall
M. Mullin
D. Bottom

	Eastern Bering Shelf
	1
8
	L. Inze and J. Schumacher
P. Livingstone et al.

	West Greenland Shelf
	3
	H. Hovgård and E. Buch

	Norwegian Sea
	3
	B. Ellersten et al.

	Barents Sea
	2
4
	H. Skjoldal and F. Rey
V. Borisov

	North Sea
	1
	N. Daan

	Baltic Sea
	1
	G. Kullenberg

	Iberian Coastal
	2
	T. Wyatt and G. Perez-Gandaras

	Mediterranean-Adriatic Sea
	5
	G. Bombace

	Canary Current
	5
	C. Bas

	Gulf of Guinea
	5
	D. Binet and E. Marchal

	Benguela Current
	2
	R. Crawford et al.

	Patagonian Shelf
	5
	A. Bakun

	Caribbean Sea
	3
	W. Richards and J. Bohnsack

	South China Sea - Gulf of Thailand
	2
	T. Piyakarnchana

	East China Sea
	8
	Y.-Q. Chen and X.-Q. Shen

	Sea of Japan
	8
	M. Terazaki

	Yellow Sea
	2
	Q. Tang

	Sea of Okhotsk
	5
	V. Kusnetsov et al.

	Humboldt Current
	5
	J. Alheit and P. Bernal

	Pacific Central American
	8
	A. Bakun et al.

	Indonesia Seas - Banda Sea
	3
	J. Zijlstra and M. Baars

	Bay of Bengal
	5
7
	S. Dwivedi
A. Hazizi et al.

	Antarctic Marine
	1 and 5
	R. Scully et al.

	Weddell Sea
	3
	G. Hempel

	Kuroshio Current
	2
	M. Terazaki

	Oyashio Current
	2
	T. Minoda

	Great Barrier Reef
	2
5
8
	R. Bradbury and C. Mundy
G. Kelleher
J. Brodie

	Somali Current
	7
	E. Okemwa

	South China Sea
	5
	D. Pauly and V. Christensen
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Large Marine Ecosystems: Stress, Mitigation, and Sustainability. 1992. Ed. by K. Sherman, L.M. Alexander, and B.D. Gold. AAAS Press, Washington, D.C. 376 pp.

Vol. 6
The Northeast Shelf Ecosystem: Assessment, Sustainability, and Management. 1996. Ed. by K. Sherman, N.A. Jaworski, and T.J. Smayda. Blackwell Science, , Cambridge, MA. 564 pp.

Vol. 7
Large Marine Ecosystems of the Indian Ocean: Assessment, Sustainability, and Management. 1998. Ed. by K. Sherman, E.N. Okemwa, and M.J. Ntiba. Blackwell Science, , Malden, MA. 394 pp.

Vol. 8
Large Marine Ecosystems of the Pacific Rim: Assessment, Sustainability, and Management. 1999. Ed. by K. Sherman and Q. Tang. Blackwell Science, , Malden, MA. 455 pp.

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

Table A5.3. Countries where Marine Resource Ministries (fisheries, environment, finance) are supportive of resource assessment and management from an ecosystems perspective.

	Continent
	LME
	Participating countries
	Status

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

	
	South China Sea
	Sumatra, Malaysia,
Cambodia, Thailand,
Vietnam, China, Philippines, Borneo
	PDF Block B funding approved. UN Implementing Agency is UNEP.

	
	Yellow Sea
	Korea, China
	PDF Block B funding approved. UN Implementing Agency is UNDP.

	Africa
	Gulf of Guinea
	Nigeria, Chana, Ivory Coast, Benin, Cameroon, Togo
	$6 mil. Approved. Project in year 2. UN Executing Agency is UNIDO.

	
	Benguela Current
	South Africa, Namibia, Angola
	PDF Block B funding approved. UN Implementing Agency is UNDP.

	
	Somali Current
	Tanzania, Kenya
	PDF Block B funding approved. UN Implementing Agency is UNEP.

	
	Agulhas Current
	Mozambique, South Africa, Madagascar
	Initial funding pending. UN Implementing Agency is UNEP.

	
	Canary Current
	Guinea, Guinea Bissau, Gambia, Cape Verde, Mauritania, Morocco, Senegal
	PDF Block B funding approved. UN Implementing Agency is UNEP, IUCN a partner.

	South America
	Humboldt Current
	Chile, Peru
	In planning phase.

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

	Eastern Europe
	Baltic Sea
	Poland, Estonia, Latvia, Lithuania, Russia, Finland, Sweden, Germany, Denmark
	PDF Block B approved. Implementing Agency is the World Bank.


FAO = United Nations Food and Agricultural Organization, Rome.
UNEP = United Nations Environmental Programme, Nairobi.
UNDP = United Nations Development Programme, New York.
UNIDO = United Nations Industrial Development Organization, Vienna.
IUCN = The World Conservation Union, Gland.
UNESCO/IOC = United Nations Educational and Scientific Organization/Intergovernmental Oceanographic Commission, Paris.

Figure A5.1. World map of large marine ecosystems. 
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ANNEX 6: RECOMMENDATIONS

SGEAM proposes that ICES establish Regional Ecosystem Groups (REGs) to provide for the preparation of integrated assessment by experts on fisheries and environmental conditions. The work in the REGs should focus on the following tasks:

· consider the general issue of integration of pertinent assessment information on the changing states of large marine ecosystems in the region, based on regional expertise;

· prepare periodic assessments of the status and trends in fish stocks and environmental conditions of the LMEs in the region with emphasis on: 

a) climatic/physical driving forces, and

b) biological (e.g., multispecies) interactions;

· contribute to environmental assessments and preparation of Quality Status Reports (QSRs) in cooperation with stakeholders, academic institutions, the public, and other organisations (e.g., EEA, OSPAR, AMAP, HELCOM).

SGEAM further proposes that, at its next meeting, SGEAM is given the task of making a proposal for a division into regional ecosystems and also work out a proposal for a required scientific membership composition for the proposed REGs.
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GEF/BSRP  LARGE MARINE ECOSYSTEM SUB-GROUP MEETING 2000/No. 1

ICES Headquarters

12 May 2000, 15.00-19.00 hrs

13 May 09.00-13.30 hrs

INTRODUCTION

Professor Jan Thulin opened the meeting on 12 May by noting that it had originally been intended to hold a single, full-day meeting on 13 May. However, it had subsequently been decided to divide the meeting into one half-day session held on 12 May with another half-day session held on 13 May. He together with Dr Ken Sherman and Professor Chris Hopkins would attend the meeting during both sessions while David Griffith would only be able to attend the second session due to his being on ICES duty travel on 12 May. Professor Hopkins was elected as Rapporteur. 

REPORT ON MONITORING IN THE BALTIC SEA

Summary Presentation of Report with Conclusions and Recommendations

Professor Hopkins briefly presented with the help of three overhead transparencies the report ‘Overview of Monitoring in the Baltic Sea’ that he had produced for the GEF/BSRP and which had been distributed in advance of the meeting. Attention was also drawn to the section on the General Introduction to the Baltic Sea that provided a summary of the characteristics of the Baltic Sea system with regard to ecosystem stress, emphasizing its physical and biological characteristics as well as its pollution and degradation problems. The conclusions and recommendations from the report indicated that:

· There is no discernable and operational ‘Ecosystem Approach’ to science and management in the Baltic Sea;

· There is a predominantly sectorial organization (e.g. fisheries, oceanography, environment/pollution) with fragmentation and duplication of activities between and within the three Intergovernmental Organizations (i.e. IGOs such as HELCOM, IBSFC, and ICES) and the National Agencies working in the area. Thus, it is this difficult to get a simple and cohesive picture of what actually is going on. Closer collaboration and amalgamation (e.g. through integrated monitoring and assessments, the establishment of a GEF/BSRP strategic collaboration group) is necessary to establish an Ecosystem Approach;

· Following the breakup of the former Soviet Union, the capacity of the Baltic States in Transition is now in a poorer situation than previously with regard to many issues, e.g. lack of facilities and major difficulties in actually carry out commitments within the international Baltic Conventions and other instruments and protocols. There is a clear discrepancy between the monitoring and research and development capacity in the Baltic States in economic transition compared with the EU States, e.g. access to facilities such as dedicated research vessels and equipment;

· The use of modern information processing is highly variable and sub-optimal, e.g. websites, databases, and Geographic Information Systems (GIS). Establishment of a major GIS centre to integrate and present information (e.g. data, knowledge, literature) should significantly contribute towards closer integration of knowledge and understanding.

· Due to reduced capabilities to participate as full stakeholders in the activities of the regional international organizations involved in the Baltic Sea, related to the lack of facilities and funds, the States in Transition find it difficult to send scientists to working groups, workshops etc., and so are hindered from taking part in the training and exchange of knowledge that occurs in such international forums.

Discussion, Summing Up and Next Steps

After some discussion, the group:

· Commended Professor Hopkins on the report and noted that it provides, for the first time, a comprehensive and valuable documentation of marine monitoring activities in the Baltic Sea;

· It is to be viewed as a background document in an ongoing process of information gathering concerning the Baltic Sea. The information (e.g. various sections) in the report will eventually be re-processed for several purposes within the ultimate aims of the project;

· In connection with the National Reports currently being prepared by each of the recipient Baltic States for submission to the GEF/BSRP, the Monitoring Report should be edited and elaborated to highlight and detail more of the actual concerns and practical problems being faced by these States in Transition. This should be supplemented by directed ‘fact-finding’ (e.g. strengths and weaknesses) concerning the capacity/performance aspects of these States, whereby informal meetings and consultations should be arranged with relevant people working with the Intergovernmental Organizations and in the States themselves. This will allow comparison of the information received from various quarters in order to gain a realistic and dependable picture of the situation that is eligible to be redressed by GEF funds. The GEF/BSRP is beginning to focus on a number of sub-regional ‘hotspots’ (see below for further details) for remedial actions, and the capacity of the recipient States to address commitments within, for example, the COMBINE programme of HELCOM in these areas should be investigated via the fact-finding process. Contacts should be made inter alia with selected Professional Secretaries in HELCOM and ICES.

As a result of reviewing the Monitoring Report, and taking consideration of feedback and inputs already identified from GEF/BSRP travels and consultations in the recipient Baltic Sea States, the following preliminary list of issues for potential funding under Component 1 were identified:

1. Redressing overfishing and developing new approaches for the management of sustainable fish stocks. For the coastal and offshore stocks this should concentrate on salmon, cod, and small pelagics (e.g. herring and sprat). Here it was noted that ACFM has provided clear advice on the salmon issue whereby fishing mortality should be reduced and greater protection given to wild Baltic salmon through conservation measures in both coastal and offshore areas. In the case of salmon this should be combined with the promotion of ecotourism and recreational fishing whereby the value of the resource is expected to increase by several orders of magnitude. In the case of herring and sprat, more should be done to promote fisheries for human consumption and food security. Rebuilding of the cod stocks to increase the spawning stock biomass and prevalence of the older/larger fish should also be promoted. The overall goal should be to position the stocks of cod, salmon, and small pelagics within safe biological limits as outlined within the context of ACFM’s Precautionary Approach, and to increase the economic value of the harvesting regime. Within coastal and inshore areas, efforts should be directed at reducing eutrophication with the resultant rebuilding and return to more natural inshore fish communities that are dominated by larger more valuable predatory species rather than smaller and lower value cyprinids. The last mentioned aspect can be expanded into an ecosystem health dimension (see below for further details);

2. Integrated Surveys for Joint Assessments. Support of this will not only enhance the capability of the recipient countries to carry out fish stock assessments, it should also be coupled with surveys and assessments of other important ecosystem components as benthos, phytoplankton and zooplankton, seabirds and marine mammals. As pointed out in the May 2000 meeting of the ICES Study Group on Ecosystem Assessment and Monitoring (SGEAM), these types of integrated activities are essential prerequisites for developing an Ecosystem Approach;

3. Development of Plankton Recorder Studies. Undulating Oceanographic Recorders (UORs) offer the potential to collect several types of both phytoplankton and zooplankton related data, as well as data on underwater irradiance and nutrients. The use of Continuous Plankton Recorders (CPRs) should also be firmly considered. GEF/BSRP support of these activities will strengthen the LME Productivity Module and it’s coupling with eutrophication issues via increased capacity from surveys conducted by research vessels and ships-of-opportunity. A good plankton-sorting centre exists in Poland that may form the foundation for the identification and counting of the collected plankton samples. Enhancing the Productivity Module is an important step in making a trophic coupling with the planktivorous pelagic fish in the Fish and Fisheries Module;

4. Geographic Information Systems (GIS). These should be supported as a method of promoting the integration of information on fisheries, oceanography and environmental (e.g. pollution) studies. This will promote the better processing, integration and present of information arising from the Baltic Sea area. It should also significantly contribute towards the aims of the Governance Module of the GEF/BSRP in providing a basis for closer integration of knowledge and understanding;

5. Discrepancy in Monitoring Capacity and Performance of Laboratories. This includes identification of their performance in intercalibration exercises, and possible remedial actions through organization of training and procurement of appropriate equipment;

6. Identification and Application of Specific and General Indicators. The European Environment Agency (EEA) has recently held a major meeting on this issue, and the GEF/BSRP will follow the results of the EEA collaboration closely with a view to selecting appropriate indicators for use in the Baltic Sea. The Baltic Sea 2008 Project has identified Secchi disc depth as a proxy measure of eutrophication, and the GEF/BSRP will approach the 2008 Project with a view to close collaboration and possible co-sponsorship;

7. Integration of Living Marine Resources and Environmental Issues. This will be promoted via an LME Governance Module and will provide an overarching application for development of an Ecosystem Approach in the Baltic Sea.

IDENTIFYING A COMMON TRANSBOUNDARY MONITORING SYSTEM FOR LINKING COMPONENT 1 (The Baltic Sea Large Marine Ecosystem) AND COMPONENT 2 (Reduction of Non-Point Source Pollution from Agriculture) OF THE GEF/BSRP

The group noted that travels undertaken so far in the recipient States emphasized that there is an interest in focusing on a number of bays and lagoons within the EEZs of these countries. These include:

1. The Gulf of Finland (Estonia, Russia);

2. The Gulf of Riga (Estonia, Latvia);

3. The Kuronian Lagoon (Lithuania, Russia);

4. The Bay of Gdansk (Poland, Russia).

Within most of these four sub-regional areas there are existent activities being carried out within Component 2 that should be linked with Component 1 and vice versa.

After some discussion, the group agreed that major elements for linking the two components should include:

1. The coastal fish community/ecosystem health/eutrophication concept outlined in the Monitoring Report. This is being developed within the COMBINE programme of HELCOM, particularly based on pioneering Swedish studies. It includes the monitoring of sentinel species (e.g. viviparous blenny, perch) with regard to the biological effects of pollution, as well as monitoring the anticipated reversal of fish communities dominated by cyprinids of lower economic value in fisheries under circumstances of high nutrient loading from agriculture towards a greater dominance by larger predatory species of greater economic value under more normal eutrophication conditions;

2. Wetlands. The restoration and enhancement of these should be encouraged as they act as buffers and sinks for excess runoff of nutrients on their way to the coastal and marine environment. The promotion of wetlands will also provide a clear impetus towards conservation of biodiversity in the coastal zone;

3. Ecotourism is an important overarching topic with a potential for multiplying the financial benefits accruing as a result of habitat restoration (e.g. recreational fishing, birdwatching, hotels/accommodation).

4. An ‘outreach’ programme promoting these aspects should be designed in cooperation with others (e.g. WWF) for presentation to small businesses via institutions such as the Lions Club, the Rotary Organization.

DEVELOPING THE BALTIC SEA LME MODULES FOR PRODUCTIVITY, FISH AND FISHERIES, POLLUTION AND ECOSYSTEM HEALTH, SOCIOECONOMICS, AND GOVERNANCE

Short Presentation of the LME Concept and Proposals for Making the Modules Operational in the Baltic Sea

Dr Sherman briefly presented the LME concept with its five component modules. He drew attention to the purpose of the BS LME to redress the degradation and overexploitation of natural resources and habitats.

The objective of the BSLME programme is to introduce Baltic Sea stakeholders—science, business, government, and the general public—to the advantages of self-financing a new and innovative ecosystem-based assessment and management strategy using the concept of Carrying Capacity for optimizing socioeconomic benefits and sustainability of the BSLME for the people of the region.

Over a period of about 48 months, the programme will introduce a new ecosystem-based assessment and management approach that at present does not exist in the region, and provide options to be considered by governments of the region for long-term self-funding of the approach, using new methodologies in five modules, viz. Productivity, Fish and Fisheries, Pollution and Ecosystem Health, Socioeconomics, and Governance.

The approach will build on the existing pertinent baseline activities supported by the governments of the participating countries in the region.

A central focus and framework will be provided by the program for coordination and integrative actions of these major institutions concerned with the environment and fishery resources of the Baltic Sea; the HELCOM, IBSFC, and the scientific expertise of both ICES and the countries of the region.

Provide the opportunity to introduce ecosystem based assessment and management of the BSLME and its resources and environments through demonstration surveys, and multi-decadal (30yr) retrospective and prospective assessments to optimize long-term socioeconomic benefits of the BSLME carrying capacity for the people of the region.

Joint surveys and assessments will serve to enhance trust among participating countries in the implementation of ecosystem-wide management actions based on shared base-line information and retrospective and prospective analyses.

During the following discussions, the importance of taking into account the value of both ecosystem goods and services was stressed in the context of the GEF/BSRP, as the system to be put in place for the Baltic States should be self-financing in due course.

Note was taken of the following documents from the Benguela Current LME:

· The Strategic Action Programme (SAP);

· The Transboundary Diagnostic Analysis (TDA).

These documents may provide a template, with appropriate adaptation, for the production of the comparable BS LME documents.

The proposed GEF/BSRP Workshop that will be arranged with the recipient States should also be viewed as an important mechanism for preparing the SAP and TDA. David La Roche (GEF) and Lawrence Mee (Plymouth, UK) may possibly be hired for developing the TDA.

The Programme Brief summarizes the SAP and TDA and will be read by the GEF Council. The SAP and TDA is normally not read by the Council but is read and reviewed by the GEF Secretariat.

Identification of the Elements of the Existing Baltic Sea Network as a Foundation for Constructing the LME Modules

Document ICES C.M. 2000/Gen:6 was tabled, showing inter alia a list of the ICES Study/Working Group (SG/WG) system and its parent Advisory and Science Committees. It was agreed that from these a major part of the foundation could be found for constructing appropriate LME Modules.

The group noted the importance of the GEF/BSRP being able to formulate questions (e.g. terms of reference concerning information as to the establishment of joint surveys and integrated assessments) to the ICES Core Science SGs/WGs and Committees. It is recognized that work tasks for the Advisory Function (e.g. ACFM and ACME and their SGs/WGs) should be funded according to the principle of 100% cost recovery, and that this is likely to fall outside the scope of the GEF/BSRP unless the Member Countries themselves make such requests directly to ICES.

After some further discussion, the group agreed that the topic of specifically identifying the elements of the existing foundation of relevance to the aims of the BSLME must be returned to.

Identification, with Costs, of Extra Components for GEF Funding

In the review that follows, close attention was given to a document that had been produced by Dr Sherman titled ‘Preliminary Baltic Sea LME – Project Preparation Guidelines for BSLME Programme Development and Implementation’. It is emphasized that the items/actions and sums elaborated below should be considered preliminary until the final total budget has been developed for the five modules. It is important to begin adding up the various costs of the budget lines in a spreadsheet (e.g. Excel) so that ‘what if?’ questions and changes can be made speedily. The group noted that Dr Sherman’s budget proposals amounted to a total of about USD 12.5 million.

Productivity Module

The group supported the proposals concerning the elements in the estimated budget for this module that had been elaborated by Dr Sherman in the above-mentioned document totaling USD 2.7 million.

Fish and Fisheries Module

The proposed integrated Baltic-wide surveys (coverage twice a year for three years) for all principle species (fish, plankton, benthos, seabirds, and marine mammals) constituting significant contributions to the biomass and carrying capacity of the eastern Baltic Sea LME should figure in the budget.

The group supported the proposals elaborated in Dr Sherman’s document, with these points of note or modification:

1. Mariculture optimization assessments (USD 300K) should be deleted owing to the low prioritization of this;

2. The budget lines (totaling USD 3.8 million not counting mariculture) are almost exclusively fish orientated and do not adequately cover the other important biodiversity components of the ecosystem. These should be budgeted for, using inter alia the unutilized USD 300K from mariculture above. Professors Thulin and Hopkins will consider this aspect further in consultation with appropriate contact persons. Additionally, budget lines should be established for the coastal fish community assessments that are related also to ecosystem health;

3. The item Contracts for socioeconomic assessment of long-term sustainability and governance options (USD 700K) are also related to the budget connected with the Socioeconomics and Governance Modules.

Pollution and Ecosystem Health Module

The group noted that this had been described in very general terms in Dr Sherman’s document, but that this should be further elucidated and a budget established. Here specifically one needs feedback and prioritization via National Reports. This should be emphasized in communications with the five recipient States.

Socioeconomics Module

This module needs to be developed in greater detail, and ways and means to do this must be identified, e.g. arranging appropriate workshops where participation by socio- and bio-economists from donor countries should be financed and registered as in kind contributions. Ideally experts should be identified both within the Baltic Sea States as well as from elsewhere (e.g. Dr Jon Sutinen [jsutinene@uri.edu], Environmental & Natural Resource Economics, University of Rhode Island, USA). Dr Sherman indicated that NOAA would be willing to cover appropriate costs (e.g. Dr Sutinen’s engagement) in kind.
Governance Module

The Governance Module needs to spell out how the process of developing an Ecosystem Approach will be implemented. Included here is an important Proof of Concept aspect to be handled. The budget lines as indicated by Dr Sherman for this amount to USD 2.8 million.

Further, ‘Monitoring and Assessment Indicators’ have been budgeted for USD 2.75 million. The group agreed that this is important, but currently it is uncertain as to which LME module this activity should be placed under.

Professor Thulin will approach government circles in Sweden to investigate the possibility of Sweden holding a meeting of Fisheries and Environment Ministers to promote a similar process to the North Sea Conferences where living marine resources and environmental issues can be addressed in an appropriate forum.

It was noted that the GIS costs should be elaborated and costed under this module. The involvement of Dr Peter August (University of Rhode Island, USA), as an expert in this area, may be covered in kind by NOAA.

There is a need to organize various stakeholder meetings and activities within this module. This should be further elaborated as soon as possible.

The possible role of ICES in this modules needs to be investigated and any cost implications identified at an early stage. An appropriate Theme Session or Mini-Symposium (e.g. ‘Regional Assessments’) should be promoted in connection with the GEF/BSRP at the 2001 and/or 2002 Annual Science Conferences

SUMMARY AND NEXT STEPS

After some discussion, the group agreed that emphasis in the following work should include:

· Clearing up the uncertainties regarding the contracts involving Professors Thulin and Hopkins that currently terminate at the end of June 2000. The situation is particularly difficult due to the highly compacted time schedule within which the final results of the PDF Block B grant should be produced;

· Travels and consultations in Kaliningrad and St Petersburg (in consultation with Baltic Sea 2008 project) in Russia;

· The National Reports should be progressed. In the first instance one should obtain the preliminary National Reports in order to harmonizing these as well as inter-linking them with the ideas elaborated from this LME Sub-Group Meeting;

· Preparing a plan (e.g. framework and design, with Agenda and Timetable) for the proposed Component 1 Workshop in Poland or Latvia. This should inter alia be seen in the context of establishing the five LME Modules and bringing the GEF Operational Guidelines for 8 (LME) and 9 (Non-Point Source Pollution) together within the GEF/BSRP. The Workshop should also be a mechanism for developing the TDA and SAP documents. Professor Thulin noted, however, that this would mean that the Workshop must be planned thoroughly and probably couldn’t be held before July or August, as national consultations including submission of the National Reports should come first.

ANY OTHER BUSINESS

Professor Thulin distributed a document titled ‘GEF/BSRP Status Report for Component 1 and Component 2: Notes from Meetings, Consultations etc. during April 2000’. The group received this information ad notam.

The group reviewed the document entitled ‘Proposed Project Team Workplan and Project Preparation Process’ as prepared and circulated by colleagues in the World Bank. The general aim of the document in moving the GEF/BSRP forward according to a definite timetable was recognized, but the group emphasizes that the Baltic Sea LME development process requires sufficient time for maturation, dialogue, and agreement involving inter alia a series of country-driven consultations, and a Workshop. This process also requires the preparation and review of National Reports regarding needs and priorities. Accordingly, the group considered it vital that an adaptable approach be developed to the timetabling of key activities in the run-up to preparation of the Project Brief, TDA, and SAP. Such flexibility is necessitated by the substantial range of challenges to be addressed by the BS LME in the PDF Block B process, e.g. working to achieve greater evolution within the current collaborative framework involving a wide range of existing stakeholders, e.g. IGOs, sectorial Ministeries (those dealing with fisheries, environment, agriculture, tourism, and finance) and NGOs. The potential sensitivities involved in the elaboration of the BS LME in this system are even greater than those affecting Component 2. It was agreed that Professor Thulin should communicate with World Bank colleagues to this effect.

As there were no other matters of business, Professor Thulin thanked the group for its valuable input to the Agenda and adjourned the meeting at 13.20 hrs on 13 May.
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THE INTEGRATION OF FISHERIES AND ENVIRONMENTAL ISSUES:

EVOLUTION OF THE ECOSYSTEM APPROACH

C.C.E. Hopkins

International Council for the Exploration of the Sea, Palaegade 2-4, DK-1261 Copenhagen K, Denmark (chris@ices.dk)

ABSTRACT:

This paper reviews the background for developing the ‘precautionary approach’ in fisheries management, and the further evolution towards an ‘ecosystem approach’ for handling the integration of fisheries and environmental issues.

A number of key international agreements and instruments (e.g. UNCLOS, 1982; Rio Declaration of UNCED, 1992; FAO Code of Conduct on Responsible Fisheries, 1995; UN Agreement on Conservation and Management of Straddling Stocks and Highly Migratory Fish Stocks, 1995; Jakarta Mandate of the Convention on Biological Diversity, 1995; Intermediate Ministerial Meeting on the North Sea: Integration of Fisheries and Environmental Issues, 1997) have played a seminal role in fostering the requirement to develop an ‘ecosystem approach’ concept for the integration of fisheries and environmental issues.

This concept can be envisaged as being built around:

1) A foundation of single-species stock assessments for commercially fished target species, which recently has been extended to include a ‘precautionary approach’ through the inclusion of single species reference points (e.g. system of targets and limits) and pre-agreements on harvest rules and recovery plans for these same species. However, evolution towards an ‘ecosystem approach’ further requires –

2) Quantifying and understanding the effects of fisheries on non-target species, and vice versa, including

a) Development of single species reference points for non-target species/populations for

i) Fish (e.g. recruits of commercial species, endangered species);

ii) Zoobenthos and phytobenthos;

iii) Seabirds;

iv) Marine mammals;

v) Marine reptiles (e.g. turtles);

vi) Diverse Invertebrates.

b) Multispecies models involving the effects of fishing on foraging links.

c) System level reference points.

d) ‘Sustainability’ indicators.

e) Additional biodiversity and genetic considerations.

3) Wider-reaching conservation measures, including protected areas.
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INTRODUCTION

Living marine resources are vital for the food security and economic livelihood of the human population. The productivity and renewability of these resources are dependent on both a good management and a good natural environment. Fish and shellfish contribute substantially to human nutrition, not only in terms of quantity but also in quality. The contribution of living marine resources to human health (e.g. essentially dietary lipid) is firmly acknowledged. Unfortunately, the current yields from both fisheries and aquaculture are being threatened by marked declines in fisheries and their management as well as human impacts on the coastal and surrounding inland habitats (FAO, 1995a).

At the start of this century, the wealth of marine living resources was still generally assumed to be an unlimited gift of nature. However, due to steadily increasing fishing effort there was a constant reminder that these resources, although renewable, are not infinite and must be prudently managed in order to ensure a sustainable contribution to nutritional, economic and social security. Following the widespread introduction of exclusive economic zones, the UN Convention on the Law of the Sea (UNCLOS, 1982) emphasised the rights and responsibilities of the coastal States to manage their marine resources. In due course, the UN Conference on Environment and Development (UNCED, 1992) underlined that the economic foundation for human wealth and health requires to be carefully integrated within a framework of ecological conservation and protection. Principle 15 of UNCED states that “In order to protect the environment, the precautionary approach shall be widely applied by States according to their capabilities. Where there are threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent environmental degradation.”

The General Principles and Article 6 of the FAO Code of Conduct for Responsible Fisheries (FAO, 1995b) prescribes a precautionary approach to all fisheries, and further elements of this have been further elaborated in a series of FAO Technical Guidelines for Responsible Fisheries (e.g. FAO, 1996a, 1996b, 1997a, 1997b). The precautionary approach is also acknowledged as an important element of the Agreement on Straddling Fish Stocks and Highly Migratory Fish Stocks (UN, 1995).

The Convention on Biological Diversity (CBD) addresses the conservation of biological diversity, its sustainable use, and the equitable sharing of benefits derived from genetic resources. The Jakarta Mandate (CBD, 1995) is a declaration of intent by the parties identifying five key issues where the CBD can play a specific role in ocean management: integrated coastal management, marine protected areas, sustainable use of marine living resources, aquaculture, and the introduction of alien species.

The current paper describes some of the conceptual and practical components necessary to produce an ‘ecosystem approach’ with regard to the integration of fisheries and environmental issues.

ecosystem approach for the integration of fisheries and environmental issues

Background

Humankind’s rights to rationally utilise living resources—subject to responsible conservation and protection of species, biota, and the environment—has been established as a principle through several international treaties and instruments (UNCED, 1992). Thus, the ‘precautionary principle’ (i.e. erring on the side of conservation rather than of over-exploitation and pollution) should be applied and an ecosystem-based approach to management established.

In the sea, the starting point for such a principle lies in the requirement that the ‘target species’ (e.g. the stocks and species forming the source of commercial fisheries and aquaculture) will be well-managed according to the ‘precautionary approach’ on the basis of the ‘best available scientific advice’ (FAO, 1995b; FAO, 1997a)). However, as marine areas and their species and biota are ecologically interlinked and may be profoundly affected by human impacts (Mann, 1982), the ‘precautionary approach’ must be further evolved and extended to include an integrated ‘ecosystem approach’. This strategy was recognised in the Statement of Conclusions arising from the North Sea Intermediate Ministerial Meeting on the Integration of Fisheries and Environmental Issues (IMM 1997):

· the utilisation of the ecosystems in the North Sea should occur in a manner consistent with sustainable development, conservation of biological diversity, and application of the precautionary approach; 

· decisions should be based on the best available scientific knowledge and advice; 

· there is a need to develop an ecosystem approach to management. This should take into account processes within ecosystems that are critical for maintaining their functioning, productivity and biological diversity, as well as interactions among different components of the system and the chemical, physical and biological environment;

· a list of stocks for which assessments and/or biological reference points be compiled as required, including the establishment of recovery plans for depleted stocks;

· as a matter of urgency, searching for all possible effective means, including the possibility of a ban, to minimise discards.

This statement acknowledges the need to provide scientific information and advice in this field using an integrated systems approach.

Accordingly, there is a pressing need to further develop organisational mechanisms which cross-cut and harmonise knowledge, collaboration and accord at the national (e.g. Ministries of Fisheries, Environment, Foreign Affairs, Research Councils) and international institutional levels (e.g. Fisheries and Environmental Commissions, and their Scientific Advisory Bodies such as ICES). Achieving this goal implies a move towards the large marine ecosystem (LME) concept based around a number of assessment and management modules (Sherman, 1999).

In considering the challenge in this area, the following comprises a short review of some of the primarily biological aspects which need to be recognised and appropriately dealt with at the scientific (i.e. information and advice) and management (e.g. regulatory) levels. Other important aspects, such as socio-economic conditions and governance protocols are not considered in this paper.

As a starting point for this review it should be recognised that the ecosystem effects of fisheries may occur at all temporal and spatial scales (ICES, 1995a). The effects that fisheries cause should thus be viewed as one of several anthropogenic interactions in a non-equilibrium system. Against this background there is a fundamental need to understand the effects of climate variability and physical oceanographic processes on the recruitment and productivity of living marine resources and their environment (GLOBEC, 1995; Bakun, 1996).

Fishing has a number of direct effects:

1) It causes mortality on the target fish and incidentally on other biota;

2) It makes food available to other species in the ecosystem by:

a) Discarding unwanted catch of fish and benthos,

b) Discarding wastes, and/or

c) Killing or damaging animals or plants in the path of the gear during its deployment;

3) It disturbs the seabed by the action of some fishing gears. The impacts may affect the physical structure of the sediment and abiotic processes, as well as directly affecting the epifauna and infauna;

4) It generates litter composed of lost or dumped gear as well as other non-specific debris.

These direct effects in turn can lead to indirect effects such as the modification of predator-prey relationships, thereby changing the flow of energy through parts of the ecosystem. They can also lead to the modification of habitats.

In further considering the relative impacts of the ecosystem effects of fishing, the influence of anthropogenic activities other than fishing on the biota and the ecosystem should also be identified and brought into context (ICES, 1995a). These other anthropogenic activities include:

· Eutrophication and Oxygen Depletion;

· Harmful Algal Blooms;

· Effects of Eutrophication on Benthos;

· Hypoxia/Anoxia and Implications for Benthos and Fisheries;

· Organic Discharges and Associated Contaminants;

· Shipping, Offshore Structures, Hazards and Port Activities;

· Mineral/Substrate Extraction and Disposal;

· Offshore Oil and Gas Exploration and Exploitation.

Wherever possible, it is also necessary to try to quantitatively compare the direct effects of fishing with the effects of other anthropogenic influences and natural processes in the area.

The Effects of Fisheries on Commercially Fished Target Species

The most obvious direct effect of fishing is the removal of fish and shellfish from the ecosystem. World marine capture fisheries, with a few exceptions, exhibit flat or declining trends in their harvests of target species, and the majority are considered to be fully or over-exploited (FAO, 1998; Hall, 1999). Reduced levels of harvesting can result in increased yields from overfished stocks. However, shortfalls in realising the potentials of many stocks are not only the result of overfishing, but also of natural environmental changes.

The foundation for determining the effects of fisheries on commercially fished target species is mainly based on single-species stock assessments (Hilborn & Walters, 1992; ICES, 1999a) These assessments generally utilise fisheries-independent and fisheries-dependent data and include for each stock estimates of:

· Recruitment to the fishery;

· Fishing mortality and survival (i.e. numbers-at-age) of the component year-classes;

· Spawning stock biomass;

· Catch statistics, e.g. recorded landings, discards at sea, slipping of unwanted catches, losses due to burst nets etc., unreported landings, catch reported as other species, catch –reported as taken in other areas, catch taken as by-catch in other fisheries.

This foundation has been extended in recent years to include a ‘precautionary approach’ through the inclusion of single species reference points (e.g. a system of targets and limits) and pre-arrangements on harvest rules and recovery plans for these same species.

Although it has been argued that increased emphasis should be given to multispecies interactions and socio-economic considerations, these factors continue to play a modest role in the provision of fisheries advice.

Further details of the above-mentioned aspects are given in ICES (1997, 1998a, 1999a) and by Bjordal (this Conference).

The Effects of Fisheries on Non-Target Species

Although there are serious concerns about the overfishing of target fish species, there are at least equivalent anxieties about the direct effects on non-target species through excessive incidental mortalities. This effect is most obvious as the by-catch of species whose spatial and temporal distribution and behaviour may result in them being caught and killed in such unacceptably large numbers that they face either local or wider geographical extinction.

Fish and benthos that are caught and thrown back into the sea are known as discards. On a global basis, discards of fish (mostly dead) have been estimated as being of the order of 30% of the total fish catch of about 100 million tonnes (Alverson et. al. 1994). Discarding is prevalent in ‘mixed fisheries’ where a range of species are caught because separation doesn’t occur prior to capture. The discards from fishing vessels may be:

· Non-commercial (i.e. unmarketable) species (trash fish);

· Under-size or over-quota individuals (i.e. for regulatory reasons);

· ‘High graded’ to maximise the economic value of the catch.

Not all non-target species are solely affected through by-catch mortality. There may be indirect effects of fishing on non-target species when the fishery and the non-target species compete for a common target species (‘prey’) and food availability is a limiting factor. Besides meaningful measures of abundance of the key components of the system (e.g. the capacity or catch of the fishery, the biomass of the non-target species and the common resource), the temporal and spatial distributions of the critical components need to be carefully evaluated.

Development of Single Species Reference Points for Non-Target Species/Populations

As with reference points for target fish species, those developed with regard to non-target species need to provide specifications of clear quantitative objectives with procedures for ascertaining whether they are being achieved. Thus:

· A ‘limit reference point’ may be set to reduce the risk that the population size falls below some prescribed level;

· A ‘target reference point’ may be set to rebuild the population to meet some longer-term objective.

A comprehensive discussion of developing potential reference points which might be used for including ecosystem considerations in relation to the precautionary approach are given in ICES (1998b).

Fish

Fish stock assessment techniques, coupled with life-history theory predictions where practical data may be unavailable, have been actively extended during the last decade to cover numerous species which are either currently considered to be at risk from fishing activities or are likely to be threatened in the foreseeable future (ICES, 1998c, 1998d, 1998e).

A significant number of elasmobranch fish (e.g. sharks, rays, and skates) are relatively slow-growing, long-lived, attain sexual maturity at a large size and have a low fecundity compared with other exploited fish species. These life-history characteristics also apply to a substantial number of deep-sea fish species, making them susceptible or even liable to local extinction by continued fisheries overexploitation (Brander 1981; ICES 1989, 1998c; Walker & Hislop, 1998).

Zoobenthos and Phytobenthos

The effects of fishing gears on the seabed and benthos depend on substrate type, hydrographic features, community structure, and as well as on the specific design and operation characteristics of the gears. These fishing gears can be subdivided into those, which penetrate the sediment to a marked degree—affecting the infaunal taxa—and gears which are mainly restricted to the epifauna. Infaunal mortality may occur from damage by tickler chains, the teeth of shellfish dredges, or the doors of otter trawls. For some trawls (e.g. shrimp trawls) there is little penetration into the seabed and the main effect is on the epibenthos.

The gears which disrupt the sediment most and can induce significant mortalities on benthos are beam trawls and shellfish dredges.

In areas where new demersal trawling or shellfish dredging grounds are opened up the effects are generally marked both with regard to the sediment and its biota, while long-term operations with relatively constant deployment of fishing effort tend towards a more steady state system.

Certain faunal groups are substantially more vulnerable to physical damage and mortality than others. Among the more vulnerable ones are those with brittle exoskeletons such as some echinoderms (e.g. Echinocardium cordatum) and larger bivalves (e.g. Arctica islandica). Trawl-induced mortality may be locally significant for a number of other groups (e.g. tube- and reef-dwelling polychaetes), especially in intensively fished areas. Beam trawls in particular have been implicated in high catches of benthos, particularly when rigged with numerous tickler chains. A review of the above-mentioned issues are found in North Sea Task Force (1993) and ICES, 1995a.

Seagrass and kelp beds are vulnerable in numerous areas, through the effects of such diverse factors as coastal development, dredging, harvesting, pollution, infectious diseases, and overgrazing by herbivores such as echinoids. Their devastation may lead to reduced habitat protection for young fish and a wide range biota, as well as increased wave action and coastal erosion (Mann, 1982).

As the world’s most biologically diverse ecosystems, coral reefs are home to about 30% of all marine fish species, and a total of about 100,000 species have been recorded from them. About half of the world’s coral reefs, mainly but not exclusively in tropical waters, are vulnerable to human activity including the effects of destructive fishing operations (Eakin et al., 1997).

Over the last decade major advances have been made with developing quantitative sampling techniques (e.g. sledges, grabs, trawls, ROVs coupled with photo/video) for macrobenthos. Advances in population dynamic techniques, including productivity models, applied to benthos have made significant advances enabling the analyses carried out on benthos to reach similar levels to those carried out on fish populations (Hopkins & Nilssen 1990; Warwick & Clarke, 1993; Mante et. al., 1995). Similarly, benthic community analyses have progressed to enable a range of anthropogenic disturbances to be determined (Gray, 1989; Olsgard & Gray, 1995).

Seabirds

The growth of commercial fisheries appears to have had the following consequences on some seabirds:

1) Processes affecting trophic ecology

a) The removal of large piscivorous fish by fisheries has enhanced the stocks of some small pelagic fish (e.g. sandeels) and thereby caused a related increase in seabird populations (e.g. Dunn, 1998). On the other hand, collapses in capelin and herring stocks—from fisheries and/or natural causes—have led to marked declines in the breeding success of a number of seabirds (e.g. puffins, guillemots) (Anker-Nielsen, 1992; Montevecchi & Myers, 1995);

b) Discards and offal form a major by-product of fisheries, and these have supported substantial population increases (e.g. numbers and their geographical range) in several seabird species (e.g. fulmar, gannet, great skua, kittiwake) which have become part-scavengers.

Implicit in the need to reduce overfishing and achieve sustainable fisheries is the requirement to reduce the by-catch of ‘unwanted’ fish, and subsequently to minimise the discards arising. Increases in direct control of fishing effort, improvements in technical conservation measures, and a possible discard-ban, are likely to lead to more intense competition among scavenging seabirds, with a probable reduction in survival and population size of some bird species. These declines may, however, simply result in the domination by the most successful scavengers rather than a reversion to the same seabird community structure that preceded widespread commercial fishing (Dunn, 1998).

2) Incidental mortality

Seabirds can become entangled in most types of fishing nets, but most are killed in gill- and other static nets. Entanglement is particularly likely to occur in those areas where both fixed net fisheries and diving seabirds are found. Severe episodes of entanglement have been documented and have been implicated in significant declines in seabird populations in some areas.

Regarding seabird impacts on the recruitment of fish stocks, this occurs predominantly through the consumption of 0-group fish. In the majority of situations the local impact of this predation is likely to be less than from predatory fish (Hunt et al, 1999).

Comprehensive reviews of the above-mentioned issues are given in ICES (1996, 1999b, 1999c)

An example of how an ecosystem approach can be used in providing precautionary advice is that involving seabird breeding colonies and industrial fisheries. Here, for example, catch limits or even a fishing moratorium (e.g. closed seasons/areas) could be placed on the fishing of sandeels near seabird breeding colonies depending on the recent breeding success of the seabirds whose fledgelings are dependent on being fed sandeels (ICES 1999d).

Marine Mammals

Fixed bottom-set nets, drift nets, longlines, as well as pelagic and demersal trawls can cause significant incidental mortality on small cetaceans (porpoises and other delphinids) and seals. However, the only direct way to obtain reliable quantitative estimates of total marine mammal by-catch in a fishery is via an independent observer scheme covering a representative sample of the fishery (IWC, 1996).

The issue of by-catch in the North Sea and Baltic Sea has been studied by parties to the Agreement on the Conservation of Small Cetaceans in the Baltic and North Seas (ASCOBANS). A report prepared for and accepted by the parties (ASCOBANS 1997) has promoted an interim rule that any by-catch rate above 2% of the estimated population abundance is likely to lead to a population size below about half its potential, and carries a significant risk of not being sustainable. This is seen as a minimum standard, and a precautionary approach to uncertainty would lead to a lower threshold.

Marine mammals and fisheries may also be direct competitors for common target species. Persistent pollutants have a tendency to be bioaccumulated in the food chain leading to top predators such as cetaceans and pinnipeds leading to a range of biological effects.

Comprehensive reviews of the above-mentioned issues are found in ICES (1995a, 1998f, 1998g).

Marine Reptiles

Sea turtles are generally classified as endangered or threatened species, and can be seriously affected by incidental fishing-related mortality at the population level.

Diverse Invertebrates

The majority of invertebrates relevant to developing an ecological approach to fisheries are most likely to be covered under the benthos. However, a number of more highly motile taxa (e.g. cephalopods) may require to be considered.

Multispecies Models Involving the Effects of Fishing on Foraging Links

Multispecies Virtual Population Analysis (MSVPA) procedures have been applied to the North Sea fisheries by the ICES Multispecies Assessment Woking Group. MSVPA and MSFOR (forecasting version of MSVPA) allow quantitative investigations of many problems associated with the indirect effects of fishery practices on North Sea fish populations. MSFOR predicts the responses of prey populations (by age) to the changing abundance of dominant fish predators, and the responses of predator populations (by age) to changes in their prey. The species included are those of major commercial importance in the North Sea. MSVPA and MSFOR can be used to explore quantitatively how changes in fish populations due directly to fishing harvests may –have additional consequences on other stocks, and even on themselves, as a result of feeding linkages. Further details are given in ICES (1995a)

System Level Reference Points

This term is currently diffuse and there is no clear accord as to how one should quantify ecosystem level properties or characteristics, and few of these appear practicable in a management sense. Among the more promising are analytical studies of metrics (e.g. size-based biomass distributions or size-spectra of numbers of fish) which may relate to fishing levels or predator-prey interactions on the system (e.g. Thiebaux & Dickie, 1993; Rice & Gislason, 1996). The value of these may lie as indicators of some medium- or longer-term performance measure or judge of management effectiveness.

‘Sustainability’ Indicators

There are numerous measurements and data collected by marine science. However, there is a distinct need for science to communicate simply and understandably with a wide range of interested stakeholders. ‘Indicators’ have received increasing attention as an aid to quantify changes in the state of the environment or its living resources, and as a means of identifying and giving priority to issues. Another benefit of indicators is in their usefulness in evaluating the state of the environment/resources and the pressures on these, in relation to goals and requirements. Indicators that are internationally agreed on provide opportunities for comparisons of performance between operations and regions.

An indicator is defined as a parameter, or a value derived from parameters, which provides information on the status of the environment or operation (e.g. resource) with a significance extending beyond that obtained directly from the measured properties (parameters) on which it is based. The purpose of such indicators is to provide a simplified presentation of the state of the environment or operation, by reducing the number of data measured and the parameters normally needed to provide a good picture of the existing situation. The indicator set is intended to present a general picture of the particular situation to the stakeholders (Nordic Council of Ministers, 1997).

Frequently indicators have been based on the Pressure-State-Response (PSR) concept. Human activities exert pressure on the environment or the resource, and this is reflected in changes in the environmental quality and quantity of natural resources, state. The third step of the PSR chain is society’s response in order to prevent these changes or repair damage. In the case of fish, a simplified example is given by:

· Pressure: Exploitation – fishing mortality

· State: Spawning stock development

· Response: Quotas

There is an increasing appreciation of the need to produce a sustainable development reference system (SDRS) to represent the sustainability of the system of exploitation (e.g. a fishery or a fishery sector), composed of reference points (selected on the basis of objectives, constraints and limits) and indicators. The SDRS would include a wider range of indicators that cover the broader ecological, social, economic, and institutional objectives. Despite having the chief purpose of measuring achievement and progress in sustainable development, the SDRS should also provide the Incentive to review strategies for achieving sustainable development.

Examples of possible criteria related to the ‘ecological’ dimension of sustainable development in a fisheries context might include:

· Catch structure;

· Relative abundance of target species;

· Exploitation rate;

· Direct effects of fishing gear on non-target species;

· Indirect effects of fishing: trophic structure;

· Direct effects of gear on habitats;

· Biodiversity (species);

· Change in area and quality of important or critical habitats;

· Fishing pressure – fished versus unfished area.

Further details about developing such a system with respect to sustainable fisheries are provided by FAO (1999).

Additional Biodiversity and Genetic Considerations

It is primarily the loss of habitats that leads to the loss of genetic and species biodiversity. Losses of marine diversity are highest in coastal areas largely as a result of conflicting uses of these habitats. Thus, conservation of marine biodiversity is achieved through conservation of habitats and landscape diversity in the coastal zone. MPAs only provide part of the solution. Integrated coastal area management (ICAM) is recommended as providing the necessary framework for coastal conservation, with one of the main goals being the sustainable use of coastal biodiversity (GESAMP, 1997). The development of robust and environmentally sound marine aquaculture should be a goal within ICAM, but aquaculture practices frequently lead to reductions in genetic diversity and maintenance of many breeds and meta-populations of marine species is needed (GESAMP, 1997).

Heavy fishing pressure on commercial species changes the size distribution and this leads to loss of genetic diversity.

Introductions and transfers of marine organisms and pathogens, e.g. through aquaculture and ballast water, can cause serious genetic impacts as well as alterations in the whole trophic web and toxic blooms (GESAMP, 1997; ICES, 1995b; 1999e, 1999h).

Wider-Reaching Conservation Measures, Including Protected Areas

Through the Jakarta Mandate, nations are encouraged to take a systematic approach to marine protected areas (MPAs), which are areas which have been set aside under statutory legislation for a variety of reasons. Well-managed MPAs can contribute to the conservation of marine ecosystems and the biota they support, including threatened species. MPAs may ban fishing or have no fishing zones (NFAs). The establishment of research, monitoring, and evaluation programmes is necessary for progress to be measured. Several regional agreements have actively promoted the establishment of MPAs, including the European Union Habitats Directive, the OSPAR Convention, and HELCOM. Further details regarding MPAs are given in WWF/IUCN (1998).

While not denigrating MPAs, they need to be established and managed as part of an ICAM approach, where several possibly conflicting activities and uses of the system need to be successfully harmonised.

conclusions

There is a need to develop and implement an ecosystem approach to the integration of fisheries and environmental issues. Further, the economic and other practical benefits of biodiversity conservation should be kept in mind in decision-making. Ecological economists (e.g. Costanza et al., 1997) have drawn our attention to the value of ‘natural capital’ and ecological services provided by global ecosystems. These estimates indicate that the total value of ocean and coastal ecosystem services (e.g. nutrient cycling, waste treatment in coastal systems) is an impressive 21 trillion USD. This is ca. 60% of the value of the estimated global ecosystem services, and 21 times more than the total gross domestic product of marine industries (e.g. fisheries, transport, tourism, oil and gas exploitation, which amount to about one trillion USD. By comparison marine industries accounts for only about 4% of the global GDP. Thus, the life support system of the globe is connected with the oceans.
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1 Introduction

A Study Group on the Scientific Basis for Ecosystem Advice in the Baltic [SGBEAB] was held in Gydnia, Poland from 19–21June 2000. The meeting was most graciously hosted by the Sea Fisheries Institute. The terms of reference were to:

a) Review Present Understanding of the Baltic Ecosystem and Modelling

Progress in understanding of Baltic ecosystem structures and dynamics:

i) in relation to human impact and driving environmental forces, and

ii) present state of the art of modelling ecosystems and its components.

b) Outline Necessary Actions to Enhance Understanding and Predictive Ability

What are the necessary actions to enhance the understanding and functioning of the Baltic systems as a scientific basis for giving sound ecosystem oriented advice?

What are the necessary actions to establish modelling tools for conducting simulations on the impact of human activities and regulatory enforcements?

c) Identify Advisory Area for ICES

Identify potential key areas for ecosystem advice to be requested from ICES in the future.

Consider the present capability of giving ecosystem oriented advice on various human activities affecting the Baltic systems.

Consider the present and potential role of international organizations and ongoing major international programmes with respect to implementing a framework for ecosystem oriented advice.
d) Workshop

Prepare a recommendation for a workshop on "The Scientific Basis for Ecosystem Advice in the Baltic" to be held in 2001.
e) Report

The Study Group will report to the Baltic and Consultative Committees at the 2000 annual Science Conference.

The Study Group participants were:

Dr. T. Linkowski, Poland;

Prof. J. Thulin, ICES;

Dr. E. Ojaveer, Estonia;

Dr. W. Fennel, Germany;

Dr. T. Raid, Estonia;

Dr. S. Hansson, Sweden;

Mr. J. VanTassell, Sweden;

Mr. Z. Witek, Poland;

Mr. E. Andrulewicz, Poland,

Dr. J. Horbowy, Poland;

Mr. M. Plikshs, Latvia Co-Chair;

Prof..T Osborn, USA Co-Chair

2 Review Present Understanding of the Baltic Ecosystem, Modeling and Necessary Actions to Enhance Understanding and Predictive Ability, and Advisory Area for ICES

3 Introduction

While no simple review can do justice to the complicated nature of the Baltic and its ecosystem, a few details are worth noting at the very start.

Main Characteristics of the Baltic Sea:

· semi-enclosed brackish water area but a recent development (3500 years) so it has been a changing and developing system

· persistent vertical stratification of the water

· residence time of the water volume ( 25-30 years

· large scale renewal of the bottom water is unpredictable – often with long stagnation periods

· plants and animals (mostly marine) in low numbers and stressed

· low water temperature causing low decomposition rate


· large catchment area with land-use activities strongly influencing water quality (85 Million people)

· high load of nutrients and toxic substances from agriculture, industry, transport, and households

A Major Problem: Nutrient Loading 


Due to:

· changes in land use

· loss of wetlands

· fertilizers

· sewage (urban and industrial)

· fossil fuels (from air 1/3)

Present Load:

· Nitrogen = 3 times that of 1940

· Phosphorous = 5 times that of 1940

Result:

· increased biological production = eutrophication

· decreased water transparency

· decrease of brown seaweed, bladderwrack

· change in species composition and abundance of fish and bottom dwelling organisms

Compared to 1900:

· primary production increased by 30 – 70%

· zooplankton increased by 25%

· sedimentation increased by 70 – 190%

4 Baltic Fishery

5 Review

The commercial fishery has significantly influenced the Baltic Sea ecosystem, particularly through the targeting on piscivorous fish. Cod has a special status in this respect, naturally being the dominant piscivore in the Baltic proper. Its reproduction is restricted to few areas with sufficiently high salt and oxygen concentrations (Sparholt 1996). The “spawning volume” of cod is small and rather variable as a result of natural variation in the water exchange with the Kattegat/Skagerrak area. This volume has been further reduced due to an increased deep-water oxygen consumption induced by increased sedimentation caused by eutrophication. Taken together, these factors result in large inter-annual variation in the reproduction success, and the fishery management has failed to account for this and overfishing has reduced the population and caused a dramatic reduction of the area occupied by cod. In these areas, with cod as the key piscivorous species, this more or less means the removal of an entire trophic level. The reduction in the cod stock affects stakeholders beyond the large-scale fishery. In areas where cod has traditionally been caught in coastal fisheries, fisherman and anglers now have problems in catching any cod. This change in the distribution of cod has also been documented in coastal fish monitoring (graph below).
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Index of the status of the eastern Baltic Sea cod stock (heavy line) and catches on a monitoring site at the eastern Swedish coast (thin line).

The decreased cod population has resulted in a drop in the predation pressure on zooplanktivorous fish and as a consequence, sprat (the main prey of cod) has increased substantially (ICES CM 2000/ACME:02). One could speculate about an ecosystem regime shift, from a cod to a clupeid dominated system. By volume, this has probably been beneficial to the off shore fishery, since this has allowed large catches of sprat. Eco​nomi​cally, however, this shift has decreased the value of the fishery (less than 1 SEK/kg for sprat compared to 13.50 SEK/kg for cod). Ecological effects of the removal of predatory fish are not restricted to cod. In the Pärnu Bay in the Gulf of Riga, overfishing of pikeperch has resulted in a drastic increase in one of their prey species, the three-spined stickleback (E. Ojaveer, pers. comm.).
The ecological and economic consequences of the management problems that we have had in the Baltic are not fully understood. The lack of separate management of biologically distinct populations, like the eastern and western cod stock and different herring populations, is problematic. When combined with TACs that exceed management advice (graph below), and catches that exceed TACs, this has probably resulted in long-term economic losses and substantial ecological damage.
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The biomass of the spawning stock of eastern Baltic cod as observed (SSB_obs) and as simulated under the assumption that ICES advice on management was followed (SSB_ICES). Biomass levels below MBAL is considered a sign of overfishing (from Radtke 2000).

Not only does the fishery influence the target species. There are by-catches of other fish species, harbour porpoises, seals and seabirds. This is considered as a particular problem for the very small population of the Baltic Sea harbour porpoise. Further details on by-catch issue are in ICES (ICES CM 2000/ACME:02).

It is possible that fishery induced changes have cascaded down the foodweb. The strong increase in sprat was paralleled with a decreased growth in herring (Raid and Lankov 1995). One explanation of this is food competition for their common food (zooplankton). Another explanation is that the deep water stagnation, which caused decreased salinity and recruitment problems for cod, also influenced the zooplankton community structure in such a way that the large and nutritionally important prey decreased in abundance (e.g. Ojaveer et al. 1998; Flinkman et al. 1998). Limited monitoring data and the lack of actual production measurements weaken our understanding of the role of zooplankton, and their changes.

The interaction between the increased adult cod mortality caused by the fishery, and their reduced spawning success due to eutrophication, was described above. Together with other environmental concerns, the latter has initiated actions in Baltic countries to mitigate eutrophication and change the Baltic to a less productive system. A likely effect of this is a generally reduced fish production, which will call for catch reductions that goes beyond those motivated by our ambition to reduce today’s overfishing. Another expected consequence of an oligotrophication of the Baltic is changes in fish species composition (c.f. Hansson 1985; Hansson and Rudstam 1990). It has also been suggested (Hjerne 2000) that the fishery is an important factor in managing the eutrophication problem: by sequestering large quantities of phosphorus from the water column during summer, fish can possibly compete for phosphorus with cyanobacteria and influence the occurrence of bluegreen algal blooms.

6 Fishery Conclusions

Fisheries management has traditionally been focused on commercially important species and how to optimize catches. Species of limited or only local economic interest, like non-commercial by-catch species, are generally not considered in the management. This single minded focus on overall catch optimization has resulted in the negligence of other aspects, like geographical distributions and the availability of the species concerned to different categories of stakeholders (e.g. off-shore and coastal commercial fisheries, coastal fisheries for recreation and food, marine mammals and birds). Furthermore, traditional single- or multispecies management does not acknowledge that fish populations constitute integrated ecosystem components. Heavily exploited fish species were often originally very abundant and had important ecological roles as both predators and prey, while many have now been seriously reduced by fishing. There are numerous examples of cases in which changes in fish populations have cascaded through the food web, influencing the ecosystem down to the level of phytoplankton (e.g. Carpenter and Kitchell 1993).

By applying an ecosystem analysis in the fishery management, more parameters than stock sizes of target species will be considered and the shortcomings described above will be better visualized. It will also highlight the need for relevant data, for example on the zooplankton production and the factors that determines this. Zooplankton constitute the food-base for many fish species and control their production potential. In a similar manner, ecosystem models will allow for incorporation of climate variation/changes and changes in nutrient loads.

Ecosystem analysis can be seen as a strategic approach which also allows different stakeholders to assign values to different parts of the ecosystem, in contrast to the more tactical approach of short term TACs. It should be acknowledged, however, that we do not today have ecosystem models that can replace the management tools presently used by ICES. There are, however, numerous ecosystem modelling approaches that can be developed to address fisheries/ecosystem management questions and some of these are discussed later. A summary of various models is also given in sections 3 and 7 of ICES (ICES CM 2000/ACME:02).

As described above, the fishery has had a strong impact on the Baltic Sea ecosystem. Thus, an ecosystem management approach has to include a combination of a sustainable and properly managed fishery and effective measures to reduce eutrophication and concen​trations of toxic substances. Healthy populations of ecologically and economically important fish stocks will increase our possibility to maintain commercial fisheries, at the same time as new fisheries can be developed (e.g. tourism with fishing possibilities as an important component). With the central role that fish have in the food web, dominating two of the five trophic levels from phyto​plankton to mammals and birds, the fishery management is also likely to influence other ecosystem components (e.g. algal blooms, see above and experiences from lakes (Carpenter and Kitchell 1993). Our management goals are not only an issue for the fishery but should be determined through a political process involving different stakeholders. The critical questions to be asked are: What would we like the Baltic Sea ecosystem to look like, and to what extent can the fishery manager influence this?
7 Modelling

Models are mathematical tools by which we synthesize and test our understanding of the dynamics of the system through retrospective and predictive calculations and comparison to data. Suitable prediction models can then be used for management purposes. Mathematical models are usually presented by a set of differential equations. Models are being used in the Baltic for both fisheries management (Anon. 1999) and ecological analysis (Stigebrandt and Wulff, 1987).
Modelling needs a balanced dialogue between biologists and modellers. Model development needs a well addressed focus with clear objectives and a methodological concept that ensures that the goals can be reached.

Ecosystem models can be roughly characterised by their spatial dimension, from 0D to 3D-models. Box models ( 0-D) have reduced physics but can be very complex with regard to chemical/biological process resolution and species interactions and can be expanded to 1D water column models. In order to couple the biological models to full circulation models, it is necessary to reduce the complexity of the biological representations as far as is reasonable. Extreme cases of reduced biology in a coupled model are simulations of trajectories of cells or animal, which are considered as passively drifting particles.

We can distinguish two broad classes of models, one which models the food-chain from nutrients to the zooplankton and the other which describes the fish stock dynamics with only weak linkages to the lower part of the food web.
8 Ecological Models

Ecological models may cover the food chain starting from nutrients and phytoplankton and include zooplankton. They can be embedded in ocean circulation models in order to cover the physical control of the chemical/biological processes. While phytoplankton can be described quite well as a bulk-biomass variable, the treatment of zooplankton requires a stage resolving approach in order to describe growth, development and reproduction in a consistent manner. In stage resolving population models, the development is prescribed by observed stage duration. This approach neglects the feedback to the low trophic levels. More advanced, but also more complex models, include the lower food chain. Then the inclusion of biomass concentration and numbers of individuals per unit volume for each stage is required.

Ecological models coupled to circulation models are now in a state that they can be used to make experimental simulation or to hindcast observed scenarios, e.g., Fennel and Neumann (1996) look at the control of the phytoplankton distribution by mesoscale variability in circulation and nutrients. From the scientific point of view, the “model-experiments” are a way to explore relationship and ‘what-happens-when’ scenarios. By this work, the models are subject to further development and acquire an enhanced predictive potential, which is important to provide products such as tools for management, e.g., maps of blue-green algal distributions.

Usually the food web models are truncated at a certain level by parameterization, e.g. by including predation by fish through an extra mortality term. One of the few exceptions is the ERSEM (Baretta, et al., 1995) where a fish module is explicitly included. However, implementation of these models becomes problematic when behaviour plays a role because this requires modelling on the individual level.

Multi-box and 1D biogeochemical models have been developed for studying eutrophication processes in the Baltic Sea (Stigebrandt and Wulff, 1987 and Savchuk and Wulff in press). They have demonstrated explanatory potential for temporal trends analysis, as well as for regional differences of the nutrient states in the Baltic Sea.
9 Fish Stock Assessment Models

These may be classified into analytical models and production models. In analytical models, the elements of stock dynamics, such as growth, mortality and recruitment, are described by separate equations which, when coupled together, lead to the model of stock dynamics. An example of such approach is the Beverton and Holt (1957) model. In production models, the change in biomass is a function of biomass and fishing effort. The well known logistic equation (Verhulst, 1838) is a simple example of a production model.

Another classification of fish stock assessment models is to separate between single species and multi-species models. In the single species models, the stock is treated as a unit isolated from the ecosystem, not being influenced by other species or the environment. In the multispecies models, trophic interactions are taken into account. In management applications the predator-prey relationship is most often limited to the impact of predators on the survival of the prey species. Usually only fish trophic levels are modelled and the linkages with other levels are neglected.

Probably the most comprehensive multispecies model is the one developed by Andersen and Ursin (1977), in which the ecosystem is modelled from primary production level to apex predators. This model, however, is quite complex and, in case of the Baltic (with relatively simple trophic relations), is represented by hundreds of differential equations. Such a complex model with many variables and hundreds of parameters is difficult to handle and this complexity is one reason why it is not used as a standard tool of stock assessment.

To apply any model one needs the data characterising the stock and some external information to tune the model. In the case of assessment of Baltic fish stocks, the external information comes from surveys (acoustic survey of pelagic species, bottom trawl survey for demersal fish, young fish survey) and catch per unit of effort from commercial fishery.

There are possibilities to further develop the existing models in such a way that information on the state of the environment could be taken into account. For instance one could model the growth of fish as dependent on food resources by parameterization of the growth equation as a function of food quality and quantity. Similarly, in production models intrinsic rate of growth and/or carrying capacity could be a function of food resources. At present, however, the only interaction with the environment is modelled when assessing the state of herring and sprat stocks. The natural mortality of these species is decomposed into predation mortality (dependent on the state of cod stock) and residual natural mortality. There are attempts to develop the model of cod recruitment in relation to cannibalism and the environment (STORE Project).

10 Modelling Conclusions

Fishery models are based on statistics and knowledge of fish-biology in conjunction with data from landings, surveys, etc. Though the models truncate the lower part of the food chain, they carry a lot of implicit information by the use of observed data. Those models apply in particular to those cases where variations in the prey field play a minor role and where physical or chemical forcing, e.g. oxygen deficiencies, act directly on the trophic level of the fish.

Ecological models are better able to deal with slow changes that propagate up from below. An ecosystem approach will require further model development and data collection (monitoring and research data) to support the decision making process. The transition from the ‘bottom-up’ modelling to the models used in fishery management and stock assessment is still difficult to implement and is an important field of future research.
11 Socio-Economic Impacts Of The Health Of Marine Ecosystems

12 Introduction

The commercial fish catch may not be the most important benefit from a marine ecosystem. Healthy and balanced marine ecosystems, both unpolluted water and natural communities of marine invertebrates, fish, birds, and mammals are desirable for they:

· constitute the everyday surroundings of the coastal population,

· have impacts upon tourists and tourism.

These activities closely depend on the state of the beaches and the coastal waters which suffer from toxic phytoplankton blooms, the concentration of dangerous and harmful compounds in the seawater, organisms, and marine food.

13 Baltic Fish And Contaminants

The concentration of contaminants in marine waters and the foodweb have potential impacts on:

· the health of marine organisms (including fish) influencing their health, external appearance and survivability (indirectly their abundance and biomass).

· the health of people consuming marine products.

After many years of declining concentrations of classical organic contaminants (DDT, PCBs, HCH, HCB) in fish tissues (documented in the HELCOM Third Periodic Assessment), concentrations have ceased to decline. There is little knowledge about concentrations of other organic contaminants in Baltic fish. The same applies to research on the biological effects of contaminants in the Baltic Sea. It is worth noting that some techniques for measuring biological effects are well developed and are already applied in monitoring other seas (e.g., in the North Sea).

The Study group notes differences in capabilities to measure biological effects on fish and other species and the expanding range of chemical analyses of fish (dioxin, furans, co-planar CBs and TBT compounds) in the more developed countries. These compounds are of concern due to their input into the marine environment, their persistence, and their toxic effects.

14 General Comments

15 The Need to Manage Stocks Separately

The unique large marine ecosystem of the comparatively young Baltic Sea has evolved under the influence of its brackish water which imposes a strong osmotic pressure upon both marine and freshwater organisms, complicating their adaptation process. Bottom topography of the sea and the existence of a number of basins has given rise to a complicated hydrologic regime and has created the variety of environmental conditions in different areas. These effects have resulted in the development of a number of rather autonomous ecological subsystems (Bothnian Bay, Bothnian Sea, Gulf of Finland, Gulf of Riga, Northern Baltic proper, Southern Baltic Proper, etc., and within these systems, coastal and open seas environments). In these subsystems, commercial fishes have developed populations differing in their dynamics and other parameters from those in neighbouring subsystems. Therefore, one can argue on ecological grounds that these populations (stocks) should be managed separately.

16 Time Scales For Ecosystem Response, For Detection and Remedial Action

Fisheries has two sides: economic and environmental. Economic viability is based on preserving sustainability of commercial resources in order that it can be continuously exploited. The environment has absorbed past damage but we are continually hoping it will recover to a satisfactory state. For the following discussion we can use a simplified picture as follows.

The Pressures on the ecosystem due to fishing are:
· removal of target species

· by-catches (non-target species, birds, and mammals)

· dumping of fish discards and fish offal

· pressure on invertebrate species and benthic habitats

The State of the environment is modified and we see:

· evidence of anthropogenic change of community/foodweb structure/diversity

· evidence of changes in populations of keystone/dominating species

· evidence of changes in species richness/abundance

· evidence of changes in seabird and mammal community structure

· evidence of bottom habitat destruction

The Regulatory Response can be

· technical regulations on fishing gear, fishing practices, etc.

· regulation on dumping of fish remnants and discards

· areas excluded from fishery

The regulatory response is due to the perceived changes in the state and not due to the pressures applied to the ecosystem. Hence, the regulatory response is delayed from the time at which the pressures are applied until the changes are detected and there is agreement as to the need for change and what that change should be. Clearly the detection of change and the development of consensus can (and often have) taken considerable time. Changing to an ecosystem form of advice may make regulators more sensitive to the pressures (rather than waiting for detectable change) and hence, speed up the response process. However, some might argue that there may not be much timing in the response as there is less willingness to respond to perceived threats.

17 Possible Deleterious Effects Of A Shift To Ecosystem Advice

17.1.1.1 Resource demands

As ICES transitions to giving ecosystem based advice the scope of the process will increase. Future ICES advice in the Baltic will need to be based on a wide range of background information:

· Background information on meteorological and hydrological conditions (exchange processes, input to the Baltic)

· Nutrient, productivity,and toxic blooms

· Contaminants (anthropogenic substances)

· Evaluation of the biomass and the production of the main prey used by intensively exploited fish stocks

· Assessment of fish stocks (herring, cod, sprat) by their natural populations

· Evaluation of the condition of seabirds and marine mammals

· Evaluation of the state of the Baltic Sea ecosystem

The consequences for ICES and National resources due to the shift to an ecosystem approach to advice are significant. The need for additional data and information will be substantial. While the necessary data will be specified by the relevant working groups, the data may not be forthcoming due to limited National resources. Both ICES and the Baltic Coastal Countries will feel the pressure of increasing demands on personnel and their time.

17.1.1.2 Structural Problems

At the national levels, fisheries and environmental ministries are often separated. When only one of the ministries interfaces with ICES, this can serve to limit the expertise and information available to working groups. As well, at the International level, HELCOM and IBSFC are separate entities. These factors may limit the range of clients available to ICES for truly integrated advice. If the effort to generate the advice exceeds the value to the available clients, then the overall effect on ICES and participating member states may be negative. A gradual shift, over time, may be the best approach; where improvements in the scope and type of advice are implemented as the ability of Working Groups increases due to additional data and scientific understanding.

18 Workshop Proposal

The Study Group considered what should be the goals for the Workshop in 2001. Given the large number of groups active in the Baltic and the many meetings, it is desirable to focus the meeting. The Study group felt that only part of the proposal could be written in June and that further details should be added at the ASC in Brugge in September 2000. By that time, several aspects of the Baltic GEF program will be further developed and J. Thulin from ICES can offer some advice on including further environmental consideration. The proposal is as follows:

Part 1

Four talks to describe the needs for ecosystem advice. The speakers would be expected to present the needs for, and the uses of, ecosystem advice. The speakers should represent a variety of perspectives of the need for advice on an ecosystem level.

1) ICES – to speak from the basis of needs expressed by client to ICES at the dialog meetings and other venues.

2) Local governments – to give examples of problems associated with the specific venue of the meeting.

3) HELCOM – to give an environmental perspective

4) IBSFC – to give a fisheries perspective.

Part 2

Two talks to demonstrate examples of scientific analysis and advice based on ecosystem basis. J. Horbowy will present a retrospective analysis for cod in the southern Baltic comparing ICES advice to actual implementation. S. Hansson will present an analysis of the Baltic food web.

Part 3

The Workshop will then consider specific topics from an ecosystem perspective looking at the present state of the knowledge, future work needed and the ability to give advice that will meet the managerial needs.

i) Sampling quality, Monitoring, and Modelling

ii) Interfacing different types of models, specifically fisheries and oceanography models, with some consideration of the potential for ecological models.

iii) Structure of the ecosystem, knowledge of fish stocks and their distribution.

iv) It is anticipated that this list will be modified and enhanced at Brugge. As well, a steering committee, venue, and dates should be recommended.

v) Consider how to use an ecosystem approach for advice in view of the limited available data that is presently collected and likely to be collected in the future. What should be the future content of ICES advice on marine ecosystems, where are the greatest needs for advice or improved advice from the multinational structure of ICES.

19 Background Documents and References
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Abstract
Since the Rio Conference in 1992 the public has become increasingly aware that coastal ecosystems are under significant threats from pollution, overexploitation, and habitat loss.  However, little progress has been made in sustained global actions to reverse their degraded state.  It has been no small feat for the world community to come to agreement on international instruments identifying environmental and resource problems, but it is another matter altogether to muster the scientific community and the political will to enact necessary policy reforms and devote necessary funding to restore and protect valuable marine ecosystems.  An ecosystems approach is emerging for the assessment and management of coastal waters around the globe utilizing modular strategies for linking science-based assessments of the changing states of Large Marine Ecosystems (LMEs) to socioeconomic benefits expected from achieving long-term sustainability of their resources. To assist developing countries in implementing the ecosystems approach to marine resources development and sustainability in international waters, the Global Environment Facility and its $2 billion trust fund has been opened to universal participation that builds on partnerships with the United Nations Development Programme, the UN Environmental Programme, and the World Bank.

Coastal Ecosystems in Decline
There is growing evidence of continuing degradation to coastal waters around the globe from habitat alteration, eutrophication, toxic pollution, aerosol contaminants, emerging diseases, and excessive fishing effort (FAO 1995; Epstein 1996; Duda and Cruz, 1998; Hedin 1998; Stockholm Water Symposium 1998).  This evidence has led to  recognition that coastal ecosystems are being adversely impacted by multiple driving forces and has accelerated efforts by scientists and resource stewards to assess, monitor, and manage coastal resources from an ecosystem perspective (Boesch 1998).  However, no single international institution has been empowered to monitor the changing ecological states of marine ecosystems on a global scale and to reconcile the needs of individual nations with those of the community of coastal nations in taking appropriate mitigation and management actions.

The need for an approach to implement the assessment and management of coastal ecosystems in support of resource development and sustainability at appropriate geographic scales around the globe has been recognized from a strategic perspective (Taylor and Groom 1989; Hey 1992).  The Intergovernmental Oceanographic Commission (IOC) of UNESCO is encouraging coastal nations to establish national programs for assessing and monitoring coastal ecosystems so as to enhance the ability of national and regional management organizations to develop and implement effective remedial programs for improving the quality of degraded ecosystems (IOC 1992).  This encouragement is underscored by the UN Conference on Environment and Development (UNCED) declaration on the ocean that recommended to coastal nations of the globe that they: (1) prevent, reduce, and control degradation of the marine environment so as to maintain and improve its life support and productive capacities;  (2) develop and increase the potential of marine living resources to meet human nutritional needs, as well as social, economic, and development goals;  and (3) promote the integrated management and sustainable development of coastal areas and the marine environment.
Ecosystem-Based  Management Approaches
Development of strategic approaches to achieving the UNCED ocean goals from the ecosystem perspective are evolving from recent discussion, debate, and reporting.  The Ecological Society of America 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).  This approach represents a paradigm shift from the highly focused short-term sector-by-sector resource assessment and management approach in general practice today by natural resource stewardship agencies, to the broader more encompassing ecosystem approach that moves spatially from smaller to larger scales, and from short-term to longer-term management practice (Lubchenco 1994).  Included in the new paradigm is a movement from the management of commodities to the sustainability of the productive potential for ecosystem goods and services (Table 1).  

This approach builds on an earlier application of “an ecosystem approach” to management of the Great Lakes Basin Ecosystem (Great Lakes SAB 1978; Duda 1990), and more recent efforts in developing an ecosystem assessment approach for the management of the North Sea (NSQSR 1993; Reid 1999), the Northeast Shelf of the U.S. (Sherman et al. 1996), the Baltic Sea (ECOPS et al. 1995), and the Yellow Sea (Lee and Sutinen 1999).  The ecosystem approach recognizes humankind and economic/social systems as being integral parts of the ecosystem.  The Great Lakes approach led to agreements between the U.S. and Canada to follow longer-term pathways for sustainable use of ecological resources.  The two decades of experience in struggling to operationalize this ecosystem approach has resulted in  management programs to reverse the trend in coastal degradation.

The new paradigm has relevance to the management of large marine ecosystems (Figure 1).  On a global scale, 50 Large Marine Ecosystems (LMEs) produce 95 percent of the world's annual marine fishery yields and within their waters most of the global ocean pollution, overexploitation, and coastal habitat alteration occurs (AAAS 1986, 1989, 1990, 1991, 1993; Sherman et al. 1996; Kumpf et al. 1999; Sherman and Tang 1999).  The LMEs are regions of ocean space encompassing coastal areas from river basins and estuaries out to the seaward boundary of continental shelves and the outer margins of coastal current systems.  LMEs are relatively large regions on the order of 200,000 km2 or greater, characterized by distinct bathymetry, hydrography, productivity, and trophically dependent populations.  The theory, measurement, and modeling relevant to monitoring the changing states of LMEs are imbedded in reports on ecosystems with changing ecological states, and on the pattern formation and spatial diffusion within ecosystems (Holling 1973; Pimm 1984; AAAS 1990; Mangel 1991; Levin 1993; Sherman 1994).  In relation to the studies needed to improve the state of knowledge, it should be noted that for 33 of the 50 LMEs, retrospective analyses have been conducted on the principal driving forces affecting changes in biomass yields (Table 2).   

Global Environment Facility
In 1990, two years before the Rio Summit on environment and development, the Global Environment Facility (GEF) was established as a pilot program to test new approaches and innovative ways to respond to global environmental challenges in four focal areas: (1) climate change, (2) biodiversity conservation, (3) ozone depletion, and (4) international waters.  In 1994, the GEF was transformed from its pilot phase into a permanent financial mechanism.  Its $2 billion trust fund is open to universal participation (currently 161 countries) and builds upon the partnership between the United Nations Development Programme (UNDP), the United Nations Environment Programme (UNEP), and the World Bank -- which are its implementing agencies.  

In restructuring the GEF, participating governments sought to ensure that it fully embodied the principles that were set out in the UNCED conventions as well as Agenda 21.  The GEF serves as a mechanism for international cooperation for the purpose of providing new and additional grant and concessional funding to meet the agreed incremental costs of measures that achieve global environmental benefits.  In October 1995, the GEF Council adopted an operational strategy, which represents the strategic framework for actions of the GEF in its four focal areas.  According to the strategy’s principles, the GEF will fund projects and programs that are country-driven and based on national priorities designed to support sustainable development.  

Under the GEF Operational Strategy related to international waters, the explicitly stated goal of the project grants is “to assist countries in the ways that human activities are conducted in the different economic sectors so that the particular coastal/marine waters shared by several countries or a multicountry drainage basin can sustainably support new patterns of human activities.”  Marine-related projects are focused on seriously threatened water bodies including LMEs as an organizing framework.  The focus of GEF international waters projects is on the most imminent transboundary stressors on ecosystems shared by several countries.  Consequently, priority is placed on country-based reforms of sectoral policies and activities responsible for the most serious transboundary environmental problems (GEF 1997).  An ecosystem approach to resources development, management, and sustainability in coastal oceans has been adopted by the GEF.  The GEF's International Waters focal area is assisting recipient countries around the globe in supporting incremental costs for innovative projects to improve the assessment and management of LMEs and increase the socioeconomic benefits to be derived from their resources.

The GEF projects are developed initially in multi-year horizons.  In practice some may become decadal projects supported principally by the coastal states. The incremental investments by the GEF are intended to leverage funds contributed by the participating countries and partners in the public and private sectors to initiate and maintain a science-based approach to improve the prospects for achieving long-term sustainability of marine resources.  Countries provide "in-kind" national contributions, cash, and policy/institutional reforms to projects, to be augmented by both funds and technical assistance from the more developed donor countries.  Many countries including Canada, Denmark, France, Germany, Japan, Norway, Sweden, the United Kingdom, and the United States, are already heavily engaged in bilateral aid programs with developing countries aimed at improving the marine environment, habitats and fisheries, tourism, mining, and petrogenic energy development. 

Use of Modular Strategies for Assessment and Management

Sustainability of resources and growth of economies are topics vital to countries in the developing world.  Published commentary from scientists in the early 1990's underscores the need for socioeconomic considerations to be an integral part of applying the ecosystem approach to assessment and management of LMEs across the globe.  While some scientists are concerned with the lack of consistent success in the management of marine resources (Ludwig et al. 1993), others stress the utility of science-based assessments as part of marine resource management practices (Rosenberg et al. 1993).  These views, while divergent, focus on the importance of introducing improved assessment and management strategies, particularly in developing regions of the world including Asia, Africa and Latin America, where coastal ecosystems are of even greater value than in Europe or North America.  In these areas subsistence fishing for protein and income must be sustained for the support of coastal societies that have few economic alternatives.  The degradation of coastal waters in developing countries, as described by Duda and Cruz (1998), indicates that urgent attention to improved management is necessary.  

Given the enormous stress on these ecosystems, management cannot wait for science to catch-up with a full understanding of ecosystem structure and function.  The best presently available science is needed to assess the effects of changing ecosystem conditions.  Both in Europe in the North Sea and North America in the northwest Atlantic, scientists have collected information for 40 years or more describing the decline in ecosystem integrity but it just was not convincing enough until the later half of the 1990s to reverse government policies encouraging overexploitation.  How many decades of data are needed to do so for other continents?   Basic information must be collected so that management regimes may be based on sound science.  The challenge is how to do this with limited funding, limited capacity, and decision-making under uncertainty, and how best to divide the complex processes of monitoring, assessment, and management into achievable modules for simplicity and applicability.

Toward this goal, a body of experience is being developed in LMEs on practical applications of a modular approach to ecosystem assessment and management.  The modules are consistent with the premise of Christensen et al. (1996) that ecosystem management is driven by explicit goals, executed by policies, protocols, and practices, and made adaptable by monitoring and research, based on the best available understanding of the ecological interactions and processes necessary to sustain ecosystem composition, structure, and function.  The five modules focus on ecosystem:  (1) productivity;  (2) fish and fisheries;  (3) pollution and ecosystem health;  (4) socioeconomic conditions;  and (5) governance. 

From a global perspective, information based on the application of the modular strategy can provide a framework for comparative inferences among LMEs as to global changes.  Biological and physical processes within the LMEs are reflective of “internal” dynamics rather than boundary conditions and have proven useful in comparing effects of changing environmental conditions on LMEs in different parts of the globe (Bakun 1993; 1999).

The National Marine Fisheries Service of NOAA has experience in the application of the 5-module LME strategy within the U.S. Northeast Shelf ecosystem.  Results have provided substantial evidence of excessive fishing mortality as the principal "driving force” leading to the depletion of the biomass of cod, haddock, flounder, and other demersal fish stocks (Sissenwine and Cohen 1991; Murawski 1996).  The time-series information from catch data, bottom trawl surveys, and plankton-productivity surveys when coupled with socioeconomic data and data from NOAA's Status and Trends Program, provide evidence of "overfishing" rather than any environmental regime shift or degraded environment as a major cause for the decline.  Although the LME study revealed a growing near-coast problem of nutrient enrichment and an increasing frequency and extent of harmful algal blooms, the capacity of the ecosystem to produce fish was not diminished for species not subjected to heavily targeted fishing (Sherman et al. 1996).  As a result, pelagic stocks of mackerel and herring are at unprecedented high biomass levels estimated at 6 million metric tons (NOAA 1998).  Three of the modules that are science-based (productivity, fish and fisheries, and pollution and ecosystem health) are designed to produce assessment information on which to recommend management decisions.  Related socioeconomic and governance analyses are linked with the assessments to evaluate management options for resource sustainability (Murawski 1996; Edwards and Murawski 1996).

Productivity Module
Productivity can be related to the carrying capacity of the ecosystem for supporting fish resources (Pauly and Christensen 1995; Pauly et al. 1998; Williams 1998).  Recently it has been suggested that the maximum global level of primary productivity for supporting the average annual world catch of fisheries has been reached, and further large-scale increases in yields of unmanaged fisheries from marine ecosystems are likely to be at the lower trophic levels in the marine food chain (Beddington 1995; Pauly and Christensen 1995).  This appears to be corroborated by changes in the species composition of the catches of fisheries from the East China Sea LME (Chen and Shen 1999).  Measurement of ecosystem productivity can also serve as a useful indication of the growing problem of coastal eutrophication (NSQSR 1993).  In several LMEs, excessive nutrient loadings of coastal waters have been related to algal blooms that have been 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 1996).

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,  primary production, and environmental variability.  The plankton of LMEs can be measured by deploying continuous plankton recorder systems from commercial vessels of opportunity (Glover 1967).  Technically advanced plankton recorder towed-bodies can be fitted with sensors for temperature, salinity, chlorophyll, nitrate/nitrite, petroleum, hydrocarbons, light, bioluminescence, and primary productivity (Aiken et al. 1999), providing the means to monitor changes in phytoplankton, zooplankton, primary productivity, species composition and dominance, and long-term changes in the physical and nutrient characteristics of the LME, as well as longer term changes relating to the biofeedback of the plankton to environmental change (Colebrook 1986; Colebrook et al. 1991; Dickson et al. 1988; Williams 1993).

The fish and fisheries module
Changes in species composition within the fish communities of LMEs have resulted from (1) excessive exploitation (Sissenwine and Cohen 1991), (2) shifts in the environmental and/or climate regime (Bakun 1993; 1999) or (3) coastal pollution (Mee 1992; Bombace 1993).  These three sources of variability in fisheries yield are operable in most LMEs.  They can be described as primary, secondary, and tertiary driving forces in fisheries yields, contingent on the ecosystem under investigation.  For example, in the Humboldt Current, Benguela Current, and California Current LMEs, the primary driving force influencing variability in fisheries yield and ecosystem productivity is the changing upwelling strength (Bakun 1993; MacCall 1986; Crawford et al. 1989; Alheit and Bernal 1993).  Fishing and pollution effects are secondary and tertiary effects on fisheries yields.  In continental Shelf LMEs including the Yellow Sea and Northeast US Shelf, excessive fisheries effort has been the cause of large-scale declines in catch and changes in the biodiversity and dominance in the fish community (Tang 1993; Sissenwine 1986).  In these ecosystems, pollution and environmental perturbation are of secondary and tertiary influence.  In contrast, significant coastal pollution and eutrophication have been the principal factors driving the changes in fisheries yields of the Northwest Adriatic (Bombace 1993), the Black Sea (Mee 1992), and the near coastal areas of the Baltic Sea (Kullenberg 1986).  Overexploitation and natural environmental changes are of secondary and tertiary importance.  Changes in the biodiversity of the fish community can generate cascading effects up the food chain to apex predators and down the food chain to plankton components of the ecosystem (Overholtz and Nicolas 1979; Payne et al. 1990).

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 biodiversity and abundance levels of the fish community (Pope 1977; Ntiba 1998).  Standardized sampling procedures, when deployed from small calibrated trawlers, can provide important information on diverse changes in fish species.  The fish catch provides biological samples for stock assessments, stomach analyses, age, growth, fecundity, and size comparisons (ICES C.M. 1991), data for clarifying and quantifying multispecies trophic relationships, and the collection of samples to monitor coastal pollution.  Samples of trawl-caught fish can be used to monitor pathological conditions that may be associated with coastal pollution.  The trawlers can also be used as platforms for obtaining water, sediment, and benthic samples for monitoring harmful algal blooms, virus vectors of disease, eutrophication, anoxia, and changes in benthic communities.

Pollution and the 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.  Methods to assess the health of LMEs are being developed from modifications to a series of indicators and indices described by several investigators (Costanza 1992; Costanza and Mageau 1999; Rapport 1992; Norton and Ulanowicz 1992; Karr 1992).  The overriding objective is to monitor changes in health from an ecosystem perspective as a measure of the overall performance of a complex system (Costanza 1992).  The health paradigm is based on the multiple-state comparisons of ecosystem resilience and stability (Holling 1973, 1986, 1993; Pimm 1984; Costanza 1992) and is an evolving concept.

Following the definition of Costanza (1992), to be healthy and sustainable an ecosystem must maintain its metabolic activity level, its internal structure and organization, and must be resistant to external stress over time and space scales relevant to the ecosystem.  These concepts were discussed by panels of experts at two workshops convened in 1992 by NOAA (NOAA 1993).  Among the indices discussed by the participants were five that are being considered as experimental measures of changing ecosystem states and health:  (1) biodiversity;  (2) stability;  (3) yields;  (4) productivity;  and (5) resilience.  The data from which to derive the experimental indices are obtained from time-series monitoring of key ecosystem parameters.  An effort to validate the utility of the indices is under development (Solow 1994; Solow and Sherman 1997).  The ecosystem sampling strategy is focused on parameters relating to the resources at risk from 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).  The parameters of interest include zooplankton composition, zooplankton biomass, water column structure, photosynthetically active radiation (PAR), transparency, chlorophyll-a, NO2, NO3, primary production, pollution, marine mammal biomass, marine mammal composition, runoff, wind stress, seabird community structure, seabird counts, finfish composition, finfish biomass, domoic acid, saxitoxin, and paralytic shellfish poisoning (PSP) (Sherman 1994).  The experimental parameters selected incorporate the behavior of individuals, the resultant responses of populations and communities, as well as their interactions with the physical and chemical environment.  The selected parameters provide a basis for comparing changing health status within and among ecosystems.  

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 (Goldberg 1976; Farrington et al. 1983; ICES 1988; O'Connor and Ehler 1991; White and Robertson 1996) and the estuarine and nearshore monitoring of contaminants in the water column, substrate, and 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 a variety of parameters that indicate exposure to, and effects of, contaminants.  Contaminant-related effects measured include diseases, impaired reproductive capacity, and impaired growth.  Many of these effects can be caused by direct exposure to contaminants, or by indirect effects, such as those resulting from alterations in prey organisms.  The assessment of chemical contaminant exposure and effects on fisheries resources and food-chain organisms consists of a suite of parameters, including biochemical responses that are clearly linked to contaminant exposure coupled with measurements of organ disease and reproductive status that have been used in previous studies to establish links between exposure and effects.  The specific suite of parameters measured will cover the same general responses and thus allow for comparable assessment of the physiological status of each species sampled as it relates to chemical contaminant exposure and effects at the individual species and population level (Svanberg 1992; Turgeon et al. 1992; Varanasi et al. 1992). In addition, the implementation of protocols for assessing the frequency and effect of harmful algal blooms (Smayda 1991) and emergent diseases (Epstein 1993) are included in the pollution module.

The socioeconomic module
The socioeconomic module is characterized by its emphasis on practical applications of its scientific findings in managing the LME and on the explicit integration of economic analysis including valuations of ecosystem goods and services with the science-based ecosystem structure and function assessments to assure that prospective management measures are cost-effective.  Economists and policy analysts will need to work closely with ecologists and other scientists to identify and evaluate management options that are both scientifically credible and economically practical.

Published reports addressing the developing paradigm of ecosystem management based on economic valuations of ecosystem goods and services include the findings of an expert panel of the Ecological Society of America (Christensen et al. 1996), reports by NOAA (Griffis and Kimball 1996; Baker 1996), reports of the U.S. Congressional Research Service (Zinn and Corn 1994;

Lubchenco 1994), and SIMCOAST modeling efforts of McGlade (1999).  Examples of processes, goods, and services expected from healthy ecosystems are listed in Table 3.

Special consideration should be given to improved knowledge of how the natural system generates economic values.  Many valuable services provided by natural systems are not traded in markets or included in planning evaluations, so extra care must be made to assure that they are not sacrificed through ignorance.  The services provided by coastal wetlands as nurseries for fisheries, natural pollution filters, and storm buffers are well-known examples that have particular relevance to coastal reclamation activities.  Other examples are more subtle, including the importance of predator-prey relationships and the possibility of losing unrecognized “keystone” species in a valuable ecosystem.  Experience indicates that growing economic values on aesthetic and recreational/tourism amenities are to be expected in the LMEs.  A variety of sources of economic value arising from

the natural diversity of the LME should be identified and assessed in regard to existing uses and potential management innovations (Hoagland et al. 1999).

Each project should include a generalized characterization of the ways in which human activities affect the natural marine system and the expected “sensitivity” of these forcing functions to various types and levels of human activity.  Population dynamics, coastal development, and land-use practices in the system's drainage basin are clear examples. Work integrating the efforts of natural and social scientists should concentrate further on resolving apparent effects (such as eutrophication-associated red tide events or changing fish population structures) that are confounded by cycles or complex dynamics in the natural system itself.  Progress is possible, too, in achieving better characterizations of the way in which human forcing is mediated by alternate management options.  Emphasis should be on isolating and quantifying those forcing activities (sewage discharge, agricultural runoff, fishing effort) likely to be expressed most prominently in effects on the natural system.  Other considerations in ecosystem valuation analyses involve trade-offs in multi-use systems among finfish/shellfish, aquaculture/capture fisheries, as well as various options to be considered in habitat restoration (Levin 1999).

Governance module
The governance module is evolving (Juda 1999; McGlade 1999).  Case studies are now underway on ecosystems to be managed from a more holistic perspective in projects supported by the GEF, including the Yellow Sea Ecosystem, where the principal effort is underway by the Peoples Republic of China (Tang 1989) and South Korea (Zhang and Kim 1999; Lee and Sutinen 1999), and also for the Gulf of Guinea LME by Ivory Coast, Ghana, Nigeria, Benin and Cameroon, Togo (UNIDO 1997). The governments of South Africa, Namibia and Angola are conducting joint assessments of the resources of the Benguela LME to guide the development of a management regime for the shared resources of the ecosystem to ensure their long-term sustainability, particularly with regard to food security.  The Great Barrier Reef Ecosystem is also being managed from an holistic ecosystems perspective (Bradbury and Mundy 1989; Kelleher 1993; Brodie 1999) along with the Northwest Australian Continental Shelf Ecosystem (Sainsbury 1988) under management by the state and federal governments of Australia;  and the Antarctic marine ecosystem under the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) and its 21 nation membership (Scully et al. 1986). Movement toward ecosystems management is emerging for the North Sea (NSQSR 1993), the Barents Sea (Eikeland 1992), and the Black Sea (Hey and Mee 1993).  Fisheries assessments are also now being considered within the context of ecosystems management (McGlade 1999).

Integrated management in applying the ecosystem approach
A framework is now emerging for linking science-based assessments of the changing states of coastal ecosystems to guiding environmentally sound economic development of ecosystem resources and management practices.  The framework is being developed through a series of regional efforts aimed at cross-sectoral integration of assessments of coastal productivity, fish and fisheries, and pollution and ecosystem health, with socioeconomics and governance modules (Sutinen et al. 1998).  The application and testing of the modules and simplified approaches to the modules  is being supported, in part, by grants from the GEF to governments of countries bordering large marine ecosystems in Asia and Africa.
The GEF Operational Strategy (GEF 1997) recommends that countries address their nearshore oceans in a joint manner utilizing LMEs as a framework for analysis, technical assistance, capacity building, and establishment of management regimes.  The Operational Strategy recommends countries undertake a transboundary diagnostic analysis (TDA) to provide the science-based assessments for priority setting on threats to the ecosystem and root causes.  It also recommends a process for producing a Strategic Action Program (SAP) of activities to address socioeconomic considerations as part of improving governance regimes for joint management, intersectoral management nationally, and subnational/community management strategies.  GEF is essentially helping countries test the use of simplified modules previously utilized in LMEs and applying them to developing country situations.  The modules strengthen the linkage between science and management and facilitate assessment and management of the environments and resources of entire ecosystems including the drainage basins and estuaries that are integral to supporting the diversity of LMEs.
Model Systems

The Gulf of Guinea Large Marine Ecosystem project was initiated with GEF support in 1995.  During the pilot phase 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 non-government support.  A network of 250 people is engaged in implementing the Project.  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 (Figure 2).  In addition to the cooperative trawl survey, surveys of the plankton community of the Gulf of Guinea are 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.  

Restoration has been initiated of mangrove areas along the coast.  And assessments of the principal sources of coastal pollution have been initiated.   Plans for the management of transboundary coastal resources have been completed by each of the countries (Adam 1998; Ibe 1998a; Ibe and Zabi 1998; Mondjanagni et al. 1998a, 1998b; Ceda 1997).  Several studies have suggested options for increasing the long-term sustainability of coastal resources and increasing socioeconomic benefits to the people of the region (Ibe et al. 1998).  An Accra Declaration has been signed by the Environmental Ministers from each of the six countries indicating joint intentions for taking steps to promote the long-term sustainability of the Gulf of Guinea resources (Ibe 1998b). 

Operational methodologies are being developed for ensuring that near coastal and drainage basin effects on the LME proper are included in the overarching

strategy for a systems approach to management encompassing:  (1) drainage basin, (2) near coastal, and (3) offshore coastal components of the LME.

Two model systems being adapted for filling this pressing need for improved assessment strategies are:  the Batangas Bay model in the Philippines and the Xiamen Municipality model in China.  Both were developed as demonstration projects in Integrated Coastal Management (ICM) as part of the GEF-funded Regional Program for the Prevention and Management of Marine Pollution in the East Asian Seas (PG-ENRO 1996).  The approach provides a framework for management of the coast of the Batangas Bay region of the Province of Batangas in the Philippines.  It includes guidelines for the implementation of a core program of:  (1) integrated waste management, (2) water pollution abatement, (3) habitat improvement, (4) conservation of stressed mangrove and coral reef areas, (5) coastal tourism development, and (6) improvements of the municipal fisheries (PG-ENRO 1996).  The linkage between LMEs and Integrated Coastal Management (ICM) activities will be implemented as a demonstration of a Fast Track-ICM/LME project to be conducted around the margins of the Yellow Sea by China and Korea.  

Another example of the interest expressed for planning and implementing GEF International Waters Projects is under development for the Benguela Current LME by Angola, Namibia, and South Africa.  These countries are completing a synthesis and assessment of information on fisheries, environmental variability, offshore oil and gas exploration and production, marine diamond mining, coastal zone developments and socioeconomics as well as a 12 month study of transboundary issues to be addressed over the next five years.  Among the issues of particular concern are the large-scale variability in upwelling events affecting the abundance of pelagic fisheries (Figure 3), and the conflicts between marine diamond mining and rock lobster fishing interests in South Africa and Namibia over the use of near-coastal shelf areas.  It is now technically feasible to conduct mining operations from specially equipped vessels up to 14 km offshore.  Areas traditionally fished for lobster are close to the coast within 5 kms.  However, lobster populations migrate offshore into deeper water during certain months, hence are vulnerable to mining impacts.  Resolutions for resolving actual and potential conflicts are being addressed by the government agencies serving as resource stewards and representatives of the diamond and fishing industries.  Similar conflicts between artisanal fisheries and large-scale commercial operations are high on the priority list for resolution of transboundary problems.  Planning for the Project is following along the lines of transboundary issues for resolution including: (1) environmental and productivity forecasting, (2) fish and fisheries sustainability, and (3) pollution and ecosystem health improvement issues (UNDP 1999a).  

Cutting across each of the issues are analyses addressing socioeconomic benefits to be derived from a long-term strategy for encouraging resource sustainability.  Other considerations are being given to improving resource sustainability measures through examination of various governing bodies implementing management regimes for shared transboundary fishing resources.  The probability for success in moving toward management regimes that promote long-term resource sustainability is enhanced by the engagement of the three countries (Angola, Namibia, South Africa) in cooperative science-based assessments of the changing states of the Benguela Current LME.  Joint activities will include developing better predictions of environmental events, improved systems for producing annual resource assessments, sharing results, and providing advice to governments on options for improving fish and fisheries resource development, use, and sustainability (Table 4).

Complementarity Among International Agreements
Fundamental global norms for conservation of marine resources and preservation and protection of the marine environment are established in the U.N. Convention on the Law of the Sea (UNCLOS), which entered into force in 1994.  Detailed rules and standards at the global level exist to control pollution from ships, including at-sea disposal of wastes, and for whales (International Whaling Commission 1994), the one fishery whose target species truly migrate worldwide.  Otherwise, the rules on marine pollution and fisheries are regional, in keeping with the scale of large marine ecosystems.

It is critical to appreciate and make use of the complementarity between general global conventions and norms and specialized agreements of a geographic or activity-specific nature.  Global  norms, through general principles and objectives, establish parameters for all national and collective action.  These are translated into more specific goals and country-specific commitments through specialized agreements.  Recognizing the need to respond to site-specific circumstances and the particular mix of problems in a given water-body, specific geographic instruments provide a means to determine priorities and comprehensively address them.  At the operational level, these problems may be segmented into more manageable units, and agreement on specialized technical and policy response options promotes harmonized approaches among countries.

Thus, for land-based sources of marine pollution, which includes pollution borne to the sea by rivers, the UNCLOS framework calls on governments to elaborate more detailed rules and guidelines and to harmonize policies at the regional level to account for regional differences (Articles 207 and 213).  Six regional seas conventions have specific agreements on land-based pollution.

In late 1995, the world community took one step further toward the restoration of coastal ecosystems by establishing the Global Programme of Action (GPA) for the protection of the Marine Environment from Land-based Activities.  The GPA includes a comprehensive approach to addressing coastal degradation that has at its source land activities and it should help spur nations to adopt new institutional arrangements linking freshwater basin management with downstream marine and coastal impacts, such as the revised 1996 protocol on land-based activities for the Mediterranean Sea.  This linkage is reinforced by the 1997 U.N. Convention on the Law of Non-Navigational Uses of International Watercourses.

Another example of the relationship between global frameworks and specialized agreements may be found in recent fisheries developments.  A call for selective fishing gear and practices and a precautionary approach to fisheries management at the global level was included in the 1995 U.N. Agreement on Straddling Fish Stocks and Highly Migratory Fish Stocks.  Implementing UNCLOS leverages their application and elaboration in particular regional fisheries agreements.  As specific improvements are developed and applied at national and regional levels they may be adopted elsewhere and provide the basis for agreement on more detailed global rules.

Existing international agreements go only part of the way toward attaining the goal of comprehensive problem diagnosis and specialized solutions.  Those concerning freshwater systems rarely integrate water quality with predominant water allocation concerns, nor do they embody the idea of allocating water for environmental services, such as groundwater recharge or freshwater flow to maintain downstream ecosystems.  The 1997 U.N. Watercourse Convention now remedies this situation in principle, but application at the level of specific transboundary agreements is yet to come.  The regional marine agreements for the most part have not linked consideration of pollution with habitat modification and international fisheries.

The North Sea is a major exception, where an integrated assessment is undertaken by a special task force in order to inform regular inter-ministerial conferences (NSTF 1991; NSQSR 1993).  Recent developments in the Mediterranean are encouraging, and initiatives in the Baltic have added overfishing, endangered species/habitat, and genetic loss of wild fish stocks to an agenda once focused exclusively on pollution.  In fact, the GEF Operational Strategy was developed with the experience of these three seas in mind, and several GEF-funded initiatives aim at linking freshwater pollution input, habitat and fisheries in LMEs (e.g. Baltic; Black Sea-Danube Basin; Patagonia Shelf-Plata Basin).

A common global understanding of how to approach complex international waters issues has been developed incrementally over the last two decades.  Some solutions are worked out sectorally at the global level, such as ship-related pollution, general policies on wetlands, or movement and disposal of hazardous chemicals.  Others are handled more comprehensively on a site-specific regional basis.  While the conventions spell out norms, targets, and measures to be applied, action plans and programs define operational strategies.  The intent of UNCLOS, the GPA, and the 1997 Watercourse Convention is for the global solution to be implemented piece by piece in logical, site-specific, regional cooperative efforts as for example:  in the North Sea and the Rhine basin; or for Lake Geneva, the Danube and the Black Sea, in the Wider Caribbean, as well as the Senegal River and the Canary Current LME.

Non-binding soft law complements binding legal arrangements, helping countries overcome barriers to action.  Examples range from Agenda 21 chapters 17 and 18 and the GPA to the action program for Small Island Developing States.  The great value of non-binding documents is that they work around the edges of binding commitments to elaborate, guide, and influence action.  They may provide a more detailed blueprint, and they may sow the seeds of future binding commitments (Belsky 1992).

Completing this common global understanding are important links to other global framework conventions such as the Convention on Biological Diversity, the U.N. Framework Convention on Climate Change, and the U.N. Commission on Sustainable Development.  In fact, as recognized by the GEF Council, these initiatives provide a new opportunity for cooperating nations to link many different programs and instruments into regional comprehensive approaches to address international waters.  Joint multi-country initiatives tackling transboundary freshwater, coastal, and marine issues are essential for achieving the goals of these important conventions.

North-South Cooperation
The world community has at least three decades of experience in Europe and North America with regional conventions on transboundary water and environment issues.  Joint activities to address water quantity disputes go back even further.  Valuable lessons--positive and negative--have also been learned in the South, some of which are noted in a World Bank funded review of African river basin organizations (Rangeley et al. 1994).  With GEF support, the South is contributing new experience through multi-country initiatives focused on site-specific priorities in shared freshwater basins, coastal zones, and LMEs.

Experiences from these joint regional activities suggest several lessons:

• Donor-driven rather than country-driven institutional arrangements have proved ineffective and recipient countries must take ownership of activities.

• Water quality must be considered together with water quantity and ecological

considerations in any sectoral development project if sustainable development is to be achieved.

• Ecosystem-based approaches, which encompass overfishing, habitat loss, and biological diversity issues in addition to water quality/pollution abatement, are needed for improving management of transboundary water systems

• Interministerial and subnational government involvement is necessary in these joint, multicountry regional initiatives if actual changes in sectoral activities causing the transboundary problems are to be achieved.

This growing body of experience also demonstrates that facilitators or third parties are often necessary to bring nations together to address the issues, help them establish a realistic list of priorities on a strategic, waterbody basis, leverage international community attention and a coordinated response, and keep the initiative from bogging down.  Facilitators may be strong voices in academic or NGO communities or those in donor or international finance institutions who can provide funding for multi-country cooperation.

Sustaining Coastal Oceans

The degradation of our planet’s water ecosystems is no surprise.  Over the years, more and more information on the declining status of freshwater and marine biodiversity has become available.  What is new is that the situation has declined so much in both the North and the South that continued economic and social benefits from these systems are at risk.  Gradually, shared river basins, coastal areas, and large marine ecosystems have become degraded and benefits they have provided may not be sustained into the future.  Gradually, national problems are growing into larger ones to the point they become regionally and globally significant.

The rush by countries to exploit fish stocks by oversubsidizing industrial fishing fleets is socially, economically, and environmentally unsustainable and places the future of fishing communities at risk.  The global economy spends $124 billion each year to land $70 billion worth of fish (Duda and Cruz 1998).  The fish stocks in many LMEs are in drastic decline, with three quarters of marine fisheries fully fished, overexploited, depleted, or slowly recovering from collapse, and 95% of these fish are caught in the 50 LMEs that encircle the Earth’s continents.  Open access without effective management regimes mean that too many modern boats are chasing too few fish as the profit motive overshadows the collective good.  This feeds tendencies to overfish, under-report the catch, and poach.

Even with modernization of fleets and the marine equivalent of “forest clearcutting,” the world’s fish catch per person has declined from peaks in the 1980s to the levels of the 1960s, before the great fleet modernization occurred (GEF 1998).  The decline in fish stocks since 1983 is evident, with the increase in total catch coming from a few low-value species that are used for feed and fertilizer instead of direct human consumption.  Over 40 percent of the world catch is inefficiently converted to oil and meal to feed livestock, poultry, and cultivated fish; subsidized fleets fish lower and lower on the food chain with adverse ecosystem impacts on biodiversity.  This global environment problem promises to penetrate societies dependent on coastal and marine ecosystems, and its transboundary aspects are growing.  Stocks are being harvested by more than one country’s fleet.  The importance of migratory fish stocks is increasingly apparent, with at least 75 percent of the global marine fish catch spending all or part of their life cycles in near-shore waters (Duda and Cruz 1998).

The call has gone out through global and regional treaties to adopt new joint management regimes so that sustainability of our marine resources can be assured for future generations.  Simplified approaches are necessary where information and management capacity are inadequate.  An LME-Integrated Coastal Management approach now being tested in Asian coastal waters is a response to this need (Sherman 1998).  In addition, the GEF Operational Strategy and its support for the 10 projects related to LMEs in the developing world, place a premium on mobilizing sound science to provide information for improved management practices.  

The transboundary analysis used by GEF can simply be framed as the productivity, fish/fisheries, and pollution/ecosystem health modules used for LMEs in North America.  Likewise, the Strategic Action Programs (SAPs) focus on the socioeconomic and governance modules for LMEs.  These modules are important.  They serve to leverage country commitments for implementing necessary policy, legal, and institutional reforms so that socioeconomic benefits from environmental services of the ecosystem can be sustained for future generations.  Once again, science-based assessments have a role as the governance mechanism utilizes monitoring/assessment modules to ensure programs and policies are sustaining the marine resources.

Pilot efforts are underway to determine the effectiveness of the simplified modules necessary to sustain LMEs in developing nations, particularly those bordering the Gulf of Guinea, Benguela Current, and Yellow Sea.  With the post-UNCED recognition of global environmental degradation, it is time for a renewed national impetus to address the sustainability and development of marine resources and ecosystems.  It is now incumbent on industrial nations, international finance institutions, and the UN system to take leadership in forming new partnerships among governments, business interests, academia, and the public, to make the necessary reforms and to provide incentives to resolve their transboundary problems.  Their responsibility doesn't end there.  They will be called on to provide additional finance and technology to catalyze the participation of developing nations in sustaining transboundary marine resources as part of UNCED’s global commitment to sustainable development.
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Fig.1. Boundaries of 50 large marine ecosystems
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Table 1.  Some of the substantive changes between traditional resource management and ecosystem management. From Lubchenco 1996.

	
ECOSYSTEM MANAGEMENT:  A PARADIGM SHIFT

	
From
	
To

	Individual Species
	Ecosystems

	Small Spatial Scale
	Multiple Scales

	Short-term Perspective
	Long-term Perspective

	Humans:  Independent of Ecosystems
	Humans:  Integral Parts of Ecosystems

	Management Divorced from Research
	Adaptive Management

	Managing Commodities
	Sustaining Production Potential for Goods and Services


Table 2.  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.

____________________________________________________________________________________________

Large Marine Ecosystem _________________Volume No.__________________Authors ______________________

U.S. Northeast Continental Shelf

        1      


M. Sissenwine

        



P. Falkowski

        6



S. Murawski

U.S. Southeast Continental Shelf
        
        4 



J. Yoder

Gulf of Mexico



        2



W. Richards and M. McGowan

        4



B. Brown et al.

        9



R. Shipp

California Current


        
        1



A. MacCall

        4



M. Mullin

        5



D. Bottom

Eastern Bering Shelf


        1



L. Incze and J. Schumacher

        8



P. Livingston et al.

West Greenland Shelf


        3



H. Hovgård and E. Buch

Norwegian Sea



        3



B. Ellersten et al.

Barents Sea



        2



H. Skjoldal and F. Rey

        4



V. Borisov

North Sea



        1



N. Daan

Baltic Sea



        1



G. Kullenberg

Iberian Coastal



        2



T. Wyatt and G. Perez-Gandaras

Mediterranean-Adriatic Sea

        5



G. Bombace

Canary Current



        5



C. Bas

Gulf of Guinea



        5



D. Binet and E. Marchal

Benguela Current


       
        2


     
R. Crawford et al.

Patagonian Shelf



        5



A. Bakun

Caribbean Sea



        3



W. Richards and J. Bohnsack

South China Sea-Gulf of Thailand

        2



T. Piyakarnchana

East China Sea



        8



Y-Q Chen and X-Q Shen

Sea of Japan



        8



M. Terazaki

Yellow Sea



        2



Q. Tang

Sea of Okhotsk



        5



V. Kusnetsov et al.

Humboldt Current



        5



J. Alheit and P. Bernal

Pacific Central American 


        8



A. Bakun et al.

Indonesia Seas-Banda Sea

        3



J. Zijlstra and M. Baars

Bay of Bengal



        5



S. Dwivedi

        7



A. Hazizi et al.

Antarctic Marine


      
        1 & 5


R. Scully et al.

Weddell Sea



        3



G. Hempel

Kuroshio Current



        2



M. Terazaki

Oyashio Current



        2



T. Minoda

Great Barrier Reef


        2



R. Bradbury and C. Mundy

        5



G. Kelleher

        8



J. Brodie

Somali Current



        7



E. Okemwa

South China Sea



        5



D. Pauly and V. Christensen

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.  465 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

Table 3.  Ecosystem goods and services.  Healthy ecosystems perform a diverse array of functions that provide both goods and services to humanity.  Here, the term goods refers to items given monetary value in the market place, whereas the services from ecosystems are valued, but rarely bought or sold. Modified from Ehrlich and Ehrlich 1991, Lubchenco et al. 1993, and Richardson 1994 (From Lubchenco 1994).

Ecosystem processes include:
•
Hydrologic flux and storage

•
Biological productivity

•
Biogeochemical cycling and storage

•
Decomposition 

•
Maintenance of biological diversity

Ecosystem "goods" include:
•
Food

•
Construction materials

•
Medicinal plants

•
Wild genes for domestic plants and animals

•
Tourism and recreation

Ecosystem "services" include:
•
Maintaining hydrological cycles

•
Regulating climate

•
Cleansing water and air

•
Maintaining the gaseous composition of the atmosphere

•
Pollinating crops and other important plants

•
Generating and maintaining soils

•
Storing and cycling essential nutrients

•
Absorbing and detoxifying pollutants

•
Providing beauty, inspiration, and research
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