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Foreword 

This training manual focuses on the development and implementation of an ecosystem approach 
to the management of human activities and their impacts on the marine environment. The 
course targets government officials and managers and endeavours to provide them with the 
knowledge and skills needed to develop and implement an ecosystem approach in the national 
context, while meeting regional and international obligations. More specifically, the course aims 
to introduce participants to the range of issues relating to the development and implementation 
of an ecosystem approach, including scientific, economic, social and legal aspects. It is expected 
that participants will develop the ability to source and critically examine required information for 
the development and implementation of an ecosystem approach, and acquire the management 
tools and skills needed to ensure its effective implementation. 

Following an introduction to the concept of ecosystem approaches, including the aim and 
evolution of the concepts and the international legal framework (Module I), the course examines 
the science of ecosystems (Module II); governance and socio-economic aspects of ecosystem 
approaches (Module III); and the development and implementation of an ecosystem approach 
(Module IV). 

The course was developed in the context of the Train-Sea-Coast (TSC) Programme, a 
training network in the field of coastal and ocean management.  The TSC Programme is 
managed and hosted by the Division for Ocean Affairs and the Law of the Sea (Division), Office 
of Legal Affairs, United Nations, which acts as the Central Support Unit for the TSC network of 
Course Development Units (CDUS) located in developing and developed countries. 1   The 
objective of the TSC Programme is to develop and strengthen capacity building at the local level, 
thus ensuring: a) the creation and reinforcement of permanent national capabilities; b) the 
sustainability of efforts; c) cost-effectiveness; d) responsiveness to the specific needs of the 
countries involved; and e) sustained long-term impact. 

The course was successfully validated during the “Training Workshop on Ecosystem 
Approaches to Coastal and Ocean Management: Focus on Ecosystem-Based Management in 
Eastern Africa”, held in Mombasa, Kenya, from 27 October to 1 November 2008. The 
Workshop was organized by the Division’s TSC Programme, the United Nations Environment 
(UNEP) Regional Seas Programme, in particular the Secretariat of the Convention for the 
Protection, Management and Development of the Marine and Coastal Environment of the 
Eastern African Region (Nairobi Convention), in partnership with the Government of Israel, the 
Western Indian Ocean Marine Science Association (WIOMSA) and the Food and Agriculture 
Organization of the United Nations (FAO). The Division is grateful to these partners for their 
excellent cooperation. 

 

1 For more information see http://www.un.org/Depts/los/index.htm 
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 Introduction 

Healthy ecosystems provide invaluable functions and services that are essential to the marine 
environment and to human well-being. Unfortunately, some human activities have had an 
adverse impact on the structure and function of marine ecosystems. A multitude of stressors, 
such as pollution, overfishing, coastal development, invasive alien species, and climate change, 
have impaired the ability of these ecosystems to provide essential goods and services. Some 
coastal communities have suffered economic and development losses due to the diminished 
productivity of these ecosystems. These impacts have also reduced the contribution of marine 
ecosystems to food security and poverty alleviation.  

In recent years, the international community has focused on the need to manage human 
activities that impact the marine environment in an integrated, cross-sectoral manner in order to 
promote the sustainable development of oceans and seas and their resources. This issue has been 
emphasized, in particular, in the context of addressing the impacts of climate change on the 
oceans. A number of ecosystem approaches have been developed to achieve this goal, building 
on the concept of integrated coastal management. An ecosystem approach is essentially an 
evolution of integrated coastal and ocean management, with a greater emphasis on ecosystem 
goals and objectives and their outcomes.  

While there is no single internationally agreed-upon definition of an “ecosystem approach”, 
the concept is generally understood to encompass the management of human activities, based on 
the best understanding of the ecological interactions and processes, so as to ensure that 
ecosystems structure and functions are sustained. An ecosystem approach prioritizes ecosystem 
structures and functioning, which helps to maintain ecosystem integrity and resilience in the face 
of disturbances and uses.  

It is important to emphasize that there is no single way to develop and implement an 
ecosystem approach – one model will not satisfy the needs, culture, and values of all societies 
and the variations in governance practices. This manual thus focuses on providing participants 
with the knowledge and skills needed to develop and implement an ecosystem approach in their 
own national context. Module I will introduce the concept of an ecosystem approach and 
describe basic principles and guidance for developing and implementing an ecosystem approach. 
Scientific considerations that are relevant for managers and policy makers are presented in 
Module II. Module III describes the links between ecosystem health and socio-economic aspects, 
and Module IV addresses, in detail, the development and implementation of an ecosystem 
approach. 

 





 

 

xix 

Overview of steps in the implementation  
of an ecosystem approach 

In order to familiarize participants with the content of the manual, the following is an overview 
of the main steps involved in the development and implementation of an ecosystem approach in 
the context of ocean-related activities. References are provided to specific modules where the 
concepts are described further, and all steps are presented in detail in Module IV. 

1. Identification of the geographical scope for the application of an ecosystem approach  

The first step in the development of an ecosystem approach is to identify the area in which it will 
be applied, depending on geographic scales, geophysical characteristics, the location of human 
activities (socio-economic factors), the relevant jurisdictional scope of governmental institutions 
and the problems or issues that need to be addressed (Modules II and IV) 

2. Scientific research and analysis of the components of the ecosystem, their interaction 
and functioning  

Scientific research and analysis of the composition and functioning of an ecosystem are 
necessary for an initial description of the ecosystem, as a basis for the assessment of its condition, 
and for identifying ecological and operational objectives, ecological indicators and reference 
points (Modules II and IV). 

3. Assessment of the condition of the ecosystem  

Assessments are used to evaluate environmental quality in order to detect possible changes in the 
ecosystem, both beneficial and detrimental (Module IV). 

4. Establishment of ecological and operational objectives to maintain biodiversity,  
productivity, water quality and habitat quality in a given ecological region  

Based on the analysis of the components of the ecosystem, their interaction, functioning and 
status, managers should set ecological socio-economic and operational objectives that clearly 
specify the state of the ecosystem to be achieved, which should include the position and 
activities of humans within it and reflect the values and wishes of the stakeholders (Module IV). 

5. Selection of ecological indicators to ensure that ecological objectives are being met. 

Indicators, limits and targets are required to monitor progress towards meeting operational 
objectives and to guide management decision-making (Module IV). 

6. Identification of pressures and impacts on the ecosystems 

In conjunction with an analysis of ecosystem functioning, an assessment of its status, and the 
determination of ecosystem objectives, an ecosystem approach involves the identification of 
pressures and impacts on the ecosystem (Modules III and IV).   



 

 

xx 

7. Analysis of existing legal framework and identification of gaps, overlaps and 
inconsistencies 

National legislation should be analysed to ensure that it supports and facilitates the application of 
an ecosystem approach. Inconsistencies should be reconciled and, where lacking, a supportive 
legal framework should be developed. An effective administration is also necessary (Modules III 
and IV).  

8. Management of human activities that affect or might affect the ecosystem 

An ecosystem approach requires that human activities that affect or might affect the ecosystem 
are managed in an integrated manner that takes account of synergistic and cumulative effects on 
the physical and biological components of the ecosystem and their interaction (Modules II, III 
and IV). 

9. Stakeholder participation, public involvement, education and outreach 

In order to enhance transparency, awareness-raising among the public and the involvement of all 
stakeholders, significant and meaningful roles for input and participation of individual 
stakeholders and groups is essential in the shaping, execution, and evolution of all management 
functions (Modules III and IV). 

10. Monitoring of natural changes in ecosystems and the effects of management 
measures through ecological indicators 

Continuing monitoring programmes are essential to determine the status of an ecosystem over 
time and in response to natural changes, as well as management measures. Progress on the 
achievement of individual objectives should be evaluated regularly, through selected ecological 
indicators (Module IV). 

11. Adjustment of the management system, if necessary 

An ecosystem approach requires that management systems and tools are adaptive, taking into 
account and responding to changing circumstances. Because marine ecosystems are dynamic, 
management should take account of this natural variability as well as changes in human activities 
and the effects of management measures already implemented (Module IV). 

12. Integrated management structures 

Appropriate mechanisms for horizontal integration among different levels of government and 
vertical integration among agencies with different mandates are essential for the application of an 
ecosystem approach (Modules III and IV). 

13. Enforcement and dispute resolution 

Compliance and enforcement are an essential, as well as challenging, element in the 
implementation of an ecosystem approach to ensure adherence with relevant laws and 
regulations (Module IV).  





 



 Introduction to an ecosystem approach 
 

 

1

Module I:  Introduction to an ecosystem approach 

 

Module plan 

1. Introduction 

2. Basic concepts 

2.1 “Ecosystem approach” 

2.2 “Ecosystems” 

2.3 “Ecosystem health” 

3. Benefits of adopting an ecosystem approach 

3.1 Traditional approaches and ecosystem approaches 

3.2  Direct and indirect benefits of an ecosystem approach 

4. Ecosystem approaches 

4.1 Ecosystem approaches that focus on marine ecosystems 

4.2 Ecosystem approaches that focus on fisheries 

5. Ecosystem approaches in international law and policy instruments and 
programmes 

5.1 Global instruments on ecosystem approaches 

5.2 Other relevant instruments and programmes 

6. Principles and guidance for developing and implementing an ecosystem approach 

Objectives 

By the end of this Module, participants will be able to understand: 

  Basic concepts relating to an ecosystem approach 

  The origin and evolution of the concept of an ecosystem approach 

  The benefits of adopting an ecosystem approach  

  Different approaches to ecosystems  

  International law and policy instruments relating to an ecosystem approach 

  Basic principles and guidance for developing and implementing an ecosystem 
approach 



 Module I
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1. Introduction 

The international community has recognized the need to effectively manage human activities 
that have an impact on the marine environment and its ecosystems in order to promote the 
sustainable development of  oceans and seas and their resources. Chapter 17 of  Agenda 21, 
adopted at the 1992 United Nations Conference on Environment and Development 
(UNCED), recognized that the marine environment formed an integrated whole that was an 
essential component of  the global life-support system and a positive asset that presented 
opportunities for sustainable development. It highlighted that new approaches were required 
to marine and coastal area management and development at the national, subregional, 
regional and global levels; approaches that were integrated in content and precautionary and 
anticipatory in ambit.1 In 2002, the World Summit on Sustainable Development (WSSD) 
acknowledged that oceans, seas, islands and coastal areas formed an integrated and essential 
component of  the Earth’s ecosystem and were critical for global food security and for 
sustaining economic prosperity and the well-being of  many national economies, particularly 
in developing countries. States committed to ensure the sustainable development of  the 
oceans and highlighted issues on which action was most urgently needed, including 
encouraging the application of  the ecosystem approach by 2010, and promoting integrated, 
multisectoral, coastal and ocean management at the national level.2   

The General Assembly of  the United Nations has also recognized the importance  
of  management interventions aimed at conserving ecosystem integrity in order to  
maintain and restore ecosystem health to sustain goods and environmental services, provide 
social and economic benefits for food security, sustain livelihoods in support of  international 
development goals, including those contained in the Millennium Declaration, and conserve 
marine biodiversity. 3   In 2005, the General Assembly requested the seventh meeting of   
the United Nations Open-ended Informal Consultative Process on Oceans and the Law of  
the Sea to focus its discussions on the topic, “Ecosystem approaches and oceans”. 4   

 
1  Agenda 21, sect. II Conservation & Management of  Resources for Development, Chapter 17, Protection of   

the Oceans, all Kinds of  Seas, Including Enclosed & Semi-enclosed Seas, & Coastal Areas & the Protection, Rational Use  
& Development of  their Living Resources,  para. 17, United Nations Conference on Environment and Development,  
Rio de Janerio, Brazil, 3 to 14 June 1992. 

2  Plan of  Implementation of  the World Summit on Sustainable Development, Part IV, paras. 30-37, Chapter 1 (2) of  
the Report of  the World Summit on Sustainable Development, Johannesburg, South Africa, 26 August- 4 September 2002, 
see http://documents.un.org. 

3  See, for example, General Assembly resolution 61/222, para. 119, of  20 December 2006. 
4  See, Report on the work of  the United Nations Open-ended Informal Consultative Process on Oceans and the Law 

of  the Sea at its seventh meeting, 17 July 2006, at http://documents.un.org. 
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The General Assembly subsequently invited States to consider the agreed consensual 
elements of  the seventh meeting and recalled that, in applying ecosystem approaches, States 
should be guided by a number of  existing instruments, in particular the 1982 United Nations 
Convention on the Law of  the Sea (UNCLOS) and its Implementing Agreements.5 In this 
regard, the General Assembly encouraged States to cooperate and coordinate their efforts 
and take all measures, in conformity with international law, to address impacts on marine 
ecosystems in areas within and beyond national jurisdiction, taking into account the integrity 
of  the ecosystems concerned (also see sect. 6 below).6  

Ecosystem approaches have been promoted in numerous other international forums and 
organizations, including the Conference of  the Parties (COP) to the Convention on 
Biological Diversity (CBD), the Food and Agriculture Organization of  the United Nations 
(FAO), the United Nations Environment Programme (UNEP) and the United Nations 
Development Programme (UNDP). In order to restore and improve ecosystems, the Global 
Environment Facility (GEF) considered it urgent to adopt “management systems embracing 
comprehensive and cross-sectoral approaches” and highly recommended “integrated 
ecosystem management” as “a particularly useful system”.7  

Many coastal communities that rely on marine and coastal ecosystems to provide 
essential goods and services have suffered economic and development losses due to the 
diminished productivity of  these ecosystems. A multitude of  stressors have impaired the 
ability of  these ecosystems to provide such goods and services (such as coastal development, 
pollution, overfishing, invasive species, and climate change), which have consequently 
impaired the contribution of  marine ecosystems to food security and poverty alleviation. An 
ecosystem approach prioritizes ecosystem structures and functioning, which helps to 
maintain ecosystem integrity and resilience in the face of  such disturbances and uses. The 
need to sustainably manage marine and coastal ecosystems and enhance their resilience has 
been emphasized, in particular, in the context of  addressing the impacts of  climate change 
on the oceans.8 

It is important to emphasize that the development and implementation of  an ecosystem 
approach will, in most cases, involve a refinement or enhancement of  existing approaches  
to the management of  human activities that impact the oceans. An ecosystem approach is 

 
5  General Assembly resolution 61/222 of  20 December 2006.    
6  Ibid. 
7  Global Environment Facility, Operational Programme # 12: Integrated Ecosystem Management, April 20, 2000, see 

http://207.190.239.143/Operational_Policies/Operational_Programs/OP_12_English.pdf. 
8  Manado Ocean Declaration, World Ocean Conference, Manado, North Sulawesi, Indonesia, 11-15 May 2009. 
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essentially an evolution of  integrated coastal and ocean management, with a greater emphasis 
on ecosystem goals and objectives and their outcomes. Both integrated coastal management 
and ecosystem approaches have the goal of  sustainable development of  the marine and 
coastal environment and its resources. While the contents of  these concepts overlap, the 
principles and measures adopted are generally identical. Moving to an ecosystem approach 
can thus be considered as an evolutionary step in integrated management, and not a break with 
the past. 

Successful development and implementation of  an ecosystem approach requires a 
sound understanding and appropriate handling of  a number of  multidimensional issues 
relating to science, law and policy. This manual addresses these issues in detail and 
provides participants with the tools and skills necessary for the effective development and 
implementation of  an ecosystem approach at a national level. More specifically, Module I 
describes basic concepts relating to an ecosystem approach, the origin and evolution of  
ecosystem approaches and their relation to international law and policy instruments, 
different approaches to ecosystems, the direct and indirect benefits of  an ecosystem 
approach, and principles and guidance on the development and implementation of  an 
ecosystem approach. Annex I to Module I also outlines the international governance 
framework for an ecosystem approach. More detailed discussion on the steps involved in 
the development and implementation of  an ecosystem approach will be provided in 
Module IV.9 

2. Basic concepts 

2.1 “Ecosystem approach” 

The term “ecosystem approach” was first coined in the early 1980s.  It was further 

developed in international forums, including in the context of  the CBD, in the 1990s.10 

However, there is no universally agreed definition of  the term, and it has been interpreted 

differently in various contexts.11 A number of  corresponding expressions are also in use, 

 
9  For additional background information, also see Report of  the Secretary-General A/61/63, sect. X, see 

www.un.org/Depts/los/general_assembly/general_assembly_reports.htm. 
10  Joint Nature Conservation Committee of  the UK, The Eco-System based Approach, see www.jncc.gov.uk/page-2518.  
11  Consultative Process, supra note 4, para. 6; see also Nordic Council of  Ministers, Workshop on the Ecosystem Approach to 

the Management and Protection of  the North Sea, Oslo, Norway, June 15-17, 1998, at p. 41; Envirosphere Consultants Limits, 
“Ecosystem: In Review of  Terms and Definitions Relevant to Ocean and Marine Resources Management under the Oceans 
Act”, Report to Fisheries and Oceans Canada, Marine Ecosystems Conservation Branch, Ottawa, 1999, at pp. 1 and 4. 
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including “ecosystem-based approach”, “ecosystem management approach”, “ecosystem-

based approach to management”, and “ecosystem process-oriented approach” (also see 

sect. 4 below).12 These similar or overlapping terms all refer to a comprehensive, science-

based approach to the conservation and management of  natural resources. 

Among the various definitions of  an ecosystem approach, 13  the one given by the  

Fifth Meeting of  the COP to the CBD is notable. The meeting interpreted an ecosystem 

approach, consistent with the definition of  “ecosystem” provided in article 2 of  the CBD, 

as a strategy for the integrated management of  natural resources that equitably promotes 

both conservation and utilization. An ecosystem approach focuses on levels of  biological 

organization, which encompass the essential processes, functions and interactions among 

organisms and their environment, and recognizes that humans are an integral component 

of  ecosystems. Such an approach takes adaptive measures to deal with the complex and 

dynamic nature of  ecosystems, and adopts the precautionary principle. The approach does 

not preclude other existing conservation and management approaches, such as single-

species conservation, protected areas, biosphere reserves, etc.; rather, it may integrate all 

these approaches as a holistic system (see Box 1 below).14  
 

 
12  Other related terms include: bioregional approach; bioregional planning; ecoregion-based conservation; watershed 

management approach; holistic, intersectoral and interactive approach; ecosystem approach that integrate the conservation 
of  biological diversity and the sustainable use of  biological resources; ecosystem approach that integrate the conservation 
and sustainable use of  biological diversity as well as socio-economic considerations; and precautionary ecosystem 
management approach. 

13  For example, see NOAA’s definition of  an ecosystem approach: “An ecosystem approach to management (EAM) is 
one that provides a comprehensive framework for living resource decision making. In contrast to individual species or 
single issue management, EAM considers a wider range of  relevant ecological, environmental, and human factors bearing 
on societal choices regarding resource use”; Murawski, S., “Top 10 Myths Concerning Ecosystem Approaches to Ocean 
Resource Management,” presented at the Panel Demystifying Ecosystem Approaches and Oceans, United Nations Open-ended 
Informal Consultative Process on Oceans and the Law of  the Sea, 12 June 2006, is available from www.un.org/Depts/ 
los/index.htm.  

14  Secretariat of  the Convention on Biological Diversity, From Policy to Implementation: “Decisions from the Fifth 
Meeting of  the Conference of  the Parties to the Convention on Biological Diversity, Nairobi, Kenya, 15-16 May 2000”, 
Montreal: Secretariat of  the Convention on Biological Diversity 36. See also CBD COP Decision VII/11, Annex I, “Refinement and 
Elaboration of  the Ecosystem Approach, Based on Assessment of  Experience of  Parties in Implementation, (A) Further 
Guidance on the Implementation of  the Ecosystem Approach Principles”, at www.biodiv.org/decisions/default.aspx?m= 
COP-7&id=7748& lg=0; and Patlis, J., “Biodiversity, Ecosystems, and Endangered Species,” W. J. Snape (ed.), Biodiversity and 
the Law, Washington, D. C. and Covelo, California: Island Press, 1996, pp. 43-58, at pp. 46-47.  

Article 2 of  the CBD provides: “Biological diversity means the variability among living organisms from all sources including, 
inter alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of  which they are part; this includes 
diversity within species, between species and of  ecosystems.” 



 Module I
 

 

6 

Box 1:  Elements of an ecosystem approach 

The ecosystem approach incorporates three important considerations:  

1.   Management of living components is considered alongside economic and social 
considerations at the ecosystem level of organization; the focus is not simply on 
managing species and habitats;  

2.   If management of land, water, and living resources in equitable ways is to be 
sustainable, it must be integrated and work within the natural limits and utilize the 
natural functioning of ecosystems;  

3. Ecosystem management is a social process. There are many interested communities, 
which must be involved through the development of efficient and effective structures 
and processes for decision-making and management.  

CBD COP Decision VII/11, Annex I. 

2.2  “Ecosystems” 

In order to understand the meaning of  “ecosystem approaches”, it is also important  
to understand the concept of  “ecosystem”. The term “ecosystem” was introduced by  
Alfred George Tansley in 1935,15 though the idea itself  has a much longer history.16 Tansley 
defined an ecosystem as a biotic assemblage and its associated physical environment in a 
specific space.17  Since then, this definition has remained a fundamental concept in ecology.18   

Although the term “ecosystem” has been variously defined by numerous successors, 
including in some international legal instruments, the basic connotation embraced in 
Tansley’s definition have never been altered. For example, article 1(3) of  the 1980 
Convention on the Conservation of  Antarctic Marine Living Resources (CCAMLR) 19  
provides that the Antarctic marine ecosystem means “the complex of  relationships of  
Antarctic marine living resources with each other and with their physical environment.” 
Article 2 of  the CBD defines an ecosystem as “a dynamic complex of  plant, animal and 
micro-organism communities and their non-living environment interacting as a functional 
unit.”  

The key features of  an ecosystem can be summarized in five points: (1) an ecosystem 
exists in a space with boundaries that may or may not be explicitly delineated; ecosystems are 

 
                                                 

15  Tansley, A.G., “The Use and Abuse of  Vegetational Concepts and Terms,” Ecology 16, 1935, pp. 284-307.     
16  Major, J., “Historical Development of  the Ecosystem Concept”, V.G.M. Dyne (ed.), The Ecosystem Concept in Natural 

Resource Management 9, New York and London, Academic Press, 1969, pp. 9-22; Christensen, N.L., et al., “The Report of  the 
Ecological Society of  America Committee on the Scientific Basis for Ecosystem Management,” Ecological Applications 6, 
1996, p. 665 at p. 670. 

17  A.G. Tansley, supra note 15, at p. 299. 
18  Golley, F.B., A History of  the Ecosystem Concept in Ecology – More than the Sum of  the Parts, Yale University Press,  

New Haven and London, 1993, at p. 9. 
19  Convention on the Conservation of  Antarctic Marine Living Resources, 1329 UNTS 47. 
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distinguishable from each other based on their biophysical attributes and their locations;  
(2) an ecosystem includes both living organisms and their abiotic environment, including pools 
of  organic and inorganic materials; (3) the organisms interact with each other, and interact 
with the physical environment through fluxes of  energy, organic and inorganic materials 
amongst the pools; these fluxes are mediated and functionally controlled by species’ behaviour 
and environmental forces; (4) an ecosystem is dynamic20 - its structure and function change 
with time;21 and (5) an ecosystem exhibits emergent properties that are characteristic of  its 
type, and which are invariant within the domain of  existence (also see Module I

2.3  “Ecosystem health” 

The health of  ecosystems is not only essential to the environment, but also important to the 
existence and development of  human society. 23  Ecosystems provide essential goods and 
services and are life-support systems and critical to the survival and welfare of  human 
beings. 24  However, as components of  ecosystems, humans and their interactions have 
profound effects on the structure and function of  ecosystems. All over the world, 
ecosystems are increasingly affected by human-induced impacts, which often have profound 
effects on socio-economic development. Coastal development activities, pollution, 
overfishing, invasive alien species, and climate change have had significant effects in many 
coastal areas, and together have impaired food security and poverty alleviation in some coastal 
communities that rely on these ecosystems. 

Ecosystem health has long been a major concern in environmental protection and has 
become an important concept in understanding ecosystems. Ecologically, ecosystem “health” 
is defined in terms of  “activity”, “organization” and “resilience” (also see Module II). These 
components of  ecosystem health are embraced in the concept of  “sustainability”, which 
means that the system is active, maintains its organization and is resilient to stress over 
time.25 By contrast, an unhealthy system is one that is not sustainable and will eventually 

 
20  Nordic Council of  Ministers, supra note 11, at p. 45; see also Consultative Process, supra note 4, paras. 48 and 62. 
21  Likens, G., The Ecosystem Approach: Its Use and Abuse, Excellence in Ecology, Book 3, Ecology Institute, Oldendorf-Luhe, 

Germany, 1992, at p. 10.  
22  O’Neill, R.V., et al., A Hierarchical Concept of  Ecosystems, Princeton University Press, 1986, at pp. 68-69;  

Hatcher, B.G., “Coral Reef  Ecosystems: How Much Greater Is the Whole than the Sum of  the Parts?”, Coral Reefs 16, 1997, 
pp. S77-S91 at p. S83.  

23  For more discussion on ecosystem service and the relation between ecosystem health and human health, see, for 
example, Costanza, R. and S.E. Jorgensen (eds.), Understanding and Solving Environmental Problems in the 21st Century: Toward a 
New, Integrated Hard Problem Science, Elsevier Science, Oxford, UK, 2002, at pp. 101-138 and pp. 167-219. 

24  See Global Environment Facility, supra note 7. 
25  Haskell, B.D., et al., “What Is Ecosystem Health and Why Should We Worry about It?”, Ecosystem Health: New Goals for 

Environmental Management, Washington, D. C., Island Press, 1992, at pp. 1-18 at pp. 8-9;  Costanza, R. and M. Mageau, “What 
is A Healthy Ecosystem?”, H. Kumpf, K. Steidinger and K. Sherman (eds.), The Gulf  of  Mexico Large Marine Ecosystem: 
Assessment, Sustainability, and Management, chapter 23, Blackwell Science, England, 1999. For other definitions of  ecosystem 
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cease to exist. Many guidelines and measures have been suggested for assessing ecosystem 
health.26   

In a broader context, ecosystem health can also reflect prevailing social and economic 
conditions. A healthy ecosystem can thus be described as one in which the environment; the 
economy, and the community are all viable (see Box 2 below).27   
 

Box 2: Case study: Coral reef phase shifts in Jamaica 

Jamaica’s 795 km long coastline has diverse ecosystems, including bays, beaches, rocky 
shores, estuaries, wetlands, cays, seagrass beds and coral reefs. Its shallow-water marine 
ecosystems suffer from combined stresses of overfishing, disease, hurricanes/storms, 
sedimentation and pollution, etc. Due to the difficult economic situation in Jamaica, 
fishing is one of the few job opportunities for the fast-growing coastal population. With 
240,000 people earning a living from its coastline, Jamaica’s waters are severely 
overfished. Today the local fishery supplies only a third of local demand. Huge growth in 
the tourism industry has generated some alternative employment opportunities but not 
enough to reduce fishing pressure. Mass tourism has also brought swelling populations and 
unmanaged development to the coastal zone.  

Adverse impacts on the marine ecosystem are most clearly illustrated in the phase shift of 
coral reefs. Dramatic phase-shifts of dominant species have resulted in reefs normally 
dominated by corals losing coral cover and being dominated by macroalgal species. From 
1977 to 1993, live coral cover declined from 52 percent to 3 percent, and fleshy algae cover 
increased from 4 percent to 92 percent. The phase shift demonstrates how human and 
natural disturbances may interact, and how an unhealthy marine ecosystem may affect the 
coastal community.   

Jamaica has made efforts to protect and restore its marine ecosystem. Measures taken 
include establishing strategic partnerships, an integrated system of parks and marine 
protected areas, integrated coastal zone management, watershed management, sewage 
treatment interventions, an alternative income programme, zoning and fisheries 
management, monitoring, education, volunteer and enforcement programmes. 

Vierros, M., Regional chapters: Europe, The Americas and West Africa - Jamaica, C.R.C. Sheppard 
(ed.), Seas at the Millennium: An Environmental Evaluation, Volume 1, 2000, pp. 559-574; 
Burke, L. et al., Reefs at Risk in the Caribbean, 2004, see http://reefsatrisk.wri.org/casestudy_ 
text.cfm?ContentID=3348.  

                                                                                                                                                 
health, see Angermeier, P.L. and J.R. Karr, “Biological Integrity versus Biological Diversity as Policy Directives: Protecting 
Biotic Resources,” Bioscience 44, 1994, pp. 690-697; Sparks, R.E., “Need for Ecosystem Management of  Large Rivers and 
Their Flood Plains,” Bioscience 45 (3), 1995, pp. 169-182. 

26  For example, see Schaeffer, D.J., E.E. Herricks and H.W. Kerster, “Ecosystem Health: Measuring Ecosystem Health,” 
Environmental Management 12, 1988, pp. 445-455;  R. Costanza and M. Mageau, supra note 25. 

27  Hancock, T., Towards Healthy and Sustainable Communities: Health, Environment and the Economy at the Local Level, Third 
Colloquium on Environmental Health, Quebec, November 22, 1990. An interim working definition of  a healthy ecosystem 
was offered by the first meeting of  experts on the Jakarta Mandate on Marine and Coastal Biological Diversity: “one whose 
parameters do not vary outside predetermined limits from a predetermined level within a given period of  time”, and  
“a harmful effect was defined as one that violates the conditions for a healthy ecosystem”, Jakarta, Indonesia,  
7-10 March, 1997, at http://darwin.bio.uci.edu/~sustain/bio65/indonesia/jak_man.html. 

http://darwin.bio.uci.edu/%7Esustain/bio65/indonesia/jak_man.html
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Summary of key ideas 

(a)  The term ecosystem approach has been variously defined in different settings 

and there exists no consensus on its exact meaning.  A number of  associated 

terms are in use, but all refer to a comprehensive, science-based approach to 

the conservation and management of  natural resources. 

(b) The COP of  the CBD described an ecosystem approach as a strategy for the 

integrated management of  natural resources that equitably promotes both 

conservation and utilization. 

(c)  An ecosystem is a dynamic complex of  plant, animal and micro-organism 

communities and their non-living environment interacting as a functional unit. 

(d) The health of  ecosystems is not only essential to the environment, but 

important to the existence and development of  human society. Ecosystems are 

life-support systems and critical to the survival and welfare of  human beings. 

Questions for discussion 

(a)  What are the key features of  an ecosystem? 

(b)  Why is ecosystem health so important? 

(c)  How do humans interact with ecosystems and how does this affect ecosystem 

functioning? 

3.  Benefits of adopting an ecosystem approach 

3.1  Traditional approaches and ecosystem approaches 

Traditional methods of  marine resource management are usually based on species-specific, 
sectoral and zonal approaches, which typically ignore the integrity of  the ecosystem and the 
interaction between ecosystem components (see Box 3 below). These management systems 
have often not achieved desired outcomes and have resulted in a patchwork of  legislation, 
policies, programmes and management plans at the local, national and international levels. 
Most importantly, these systems have also not prevented the deterioration of  ecosystem 
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health. Marine ecosystems in different parts of  the oceans and seas now suffer degradation 
and deterioration to a greater or less extent.28  

Sectoral management can be characterized by overlapping management areas and 
conflicts of  functions and interests between different agencies, local authorities, 
organizations, and other concerned stakeholders. This often leads to conflict between 
conservation and development, contradiction of  plans, duplication of  work, and lack of  
communication and cooperation between various actors/users. Sectoral management can also 
ignore the interplay between different users and uses of  coastal and ocean resources, and their 
common effect on marine ecosystems. Stakeholders often act in their own interests and deflect 
problems to other users.  

For example, one of  the major shortcomings of  the single-species approach in the 
context of  fishing is that it fails to take into account the fact that fishing activity not only 
impacts the target stock, but also impacts the ecosystem as well. By-catch is inevitable with 
unselective fishing methods and can include endangered or threatened species such as 
sharks, seabirds and turtles, or benthic organisms, such as corals. Unwanted or 
uneconomical by-catch may simply be discarded. The single-species approach also fails to 
take into account the fact that, in addition to fishing activity, target stocks are affected by 
factors such as changes in abundance of  predators and prey, loss of  habitat, marine 
pollution and climatic changes.29   

The traditional zonal approach to management involves dividing sea areas into zones 
within which States exercise different jurisdiction and adopt different management systems. 
The major deficiency of  this approach is that political boundaries are usually not consistent 
with ecosystem boundaries. This discrepancy is exemplified in the conflicting interests in 
these zones, including between coastal and high seas interests and between development and 
conservation interests. It has also led to the failure and inefficiency of  marine resource 
conservation in many sea areas, and the consequent decline and deterioration of  the marine 
environment and resources.30    

 
28  WSSD, Millennium Ecosystem Assessment, Ecosystems and Human Well-being: Biodiversity Synthesis, Chapter 17 of  Agenda 21, 

World Resources Institute, Washington, D.C., 2005, see www.millenniumassessment.org/documents/document.354. 
aspx.pdf.  

29  FAO “Putting into Practice the Ecosystem Approach to Fisheries”, 2005, at p. 3, see ftp://ftp.fao.org/ 
docrep/fao/008/a0191e/a0191e00.pdf. 

30  In response to deficiencies in the zonal approach to marine environmental protection in regional seas, UNEP 
launched the Regional Seas Programme, in which marine environmental protection is geography-based, with an attempt to 
attract full participation of  all concerned littoral States. But such a regional approach has not proved to be as effective as 
expected. In some regions, some of  the coastal States have not joined the regional arrangements or relevant agreements, 
which undermines the effectiveness of  the regional mechanisms in H. Wang, “Ecosystem Management and Its Application 
to Large Marine Ecosystems: Science, Law, and Politics”, Ocean Development & International Law 35 (1), 2004, pp. 41-74.     
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Reflections on the deficiencies of  sectoral and zonal approaches resulted in the 
conceptualization of  integrated coastal management in Chapter 17 of  Agenda 21. Integrated 
coastal management aims at overcoming “the fragmentation inherent in both the sectoral 
management approach and the splits in jurisdiction among levels of  government at the land-
water interface.”31 It involves comprehensive planning and regulation of  human activities 
towards a complex set of  interacting objectives and aims at minimizing user conflicts, while 
ensuring long-term sustainability. It also recognizes the need to protect the ecosystem, taking 
into account the effects of  multiple uses and acknowledges the limitations of  the sectoral 
approaches and the linkages between inland, coastal and ocean uses.32   

In this respect, both integrated coastal management and ecosystem approaches have  
the goal of  sustainable development of  the marine and coastal environment and its 
resources. The contents of  these concepts overlap and the principles, rules and measures 
adopted are generally identical. The major difference is that ecosystem approaches can be 
applied anywhere in the oceans, whereas integrated coastal management is specific to coastal 
areas. Ecosystem approaches also place more emphasis on the integrity of  the marine 
ecosystem, and the management scope may be broader in case of  a large marine ecosystem 
(see sect. 5 below) so as to cover the entire ecosystem concerned.  

In describing the relationship between integrated coastal management and ecosystem 
approaches, the Third Global Conference on Oceans, Coasts, and Islands concluded that 
both “adopt a holistic, integrated approach covering both environmental and socio-
economic dimensions, and are basically similar; however, the scale of  operation and level of  
management intervention might vary with respect to geographical scale.”33 In other words, 
the “ecosystem approach is an evolution of  integrated coastal and ocean management, with a 
greater emphasis on ecosystem goals and objectives and their outcomes. Moving to an 
ecosystem approach should be considered an evolutionary step in integrated management and 
action, not a break with the past.”34 In developing and implementing an ecosystem approach, 
it is thus important to build on existing institutions and resources, in particular, those 
employed in the development of  integrated coastal management.  

 
31  Cicin-Sain, B. and R.W. Knecht, Integrated Coastal and Ocean Management: Concepts and Practices, Island Press, Washington 

D.C., 1998, p. 39. 
32  Garcia, S.M., et al., “The ecosystem approach to fisheries: Issues, terminology, principles, institutional foundations, 

implementation and outlook”, FAO Fisheries Technical Paper 443, 2003, at p. 7. 
33  Reports from the Third Global Conference on Oceans, Coasts, and Islands, The Ecosystem Approach to Integrated Ocean 

and Coastal Management, UNESCO, Paris, January 23-28, 2006, at p. 3, see www.globaloceans.org. 
34  Ibid., p. 2. 

http://www.globaloceans.org/
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Box 3:  Traditional approaches vs. Ecosystem approaches 

Traditional approaches focus on managing ecosystem parts: 

1. Individual species; 

2. Narrow perspective and scale; 

3. Humans activities evaluated for individual activities; 

4. Resource management by sectors; 

5. Scientific monitoring programmes focused narrowly; 

6. Single use and purpose observations. 

↓  

Ecosystem approaches focus on ecosystem relationships, 
processes, and tradeoffs: 

1. Multiple species, interactions between species and habitats; 

2. Broad perspective and scale; 

3. Humans integral to ecosystem; 

4. Integrated resource management; 

5. Adaptive management based on scientific monitoring; 

6. Shared and standardized observations 

 

NOAA, Ecosystem Management of Interrelated River Basins, Estuaries, and Coastal Seas, 2006. 

 
 

3.2  Direct and indirect benefits of an ecosystem approach 

In an ecosystem approach, the assessment and management of  the marine environment and 

resources are addressed from multiple perspectives, involving natural science, technology, 

socio-economics, law, and politics. The components of  a marine ecosystem are protected 

and managed in a holistic, integrated manner, and the relations and interactions among 

components of  an ecosystem are comprehensively taken into consideration. This 

multispecies and multi-sectoral approach makes up for the deficiencies of  the traditional 

single-species and sectoral approach, which protects the target species of  exploitation 

without taking into account dependent and associated species, or their environment. In fact, 

the major impetus in the evolution from traditional approaches to ecosystem approaches has 

been science; in particular, further scientific understanding of  marine ecosystems. Science 
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has made clear that the interconnected and complex nature of  marine ecosystems requires 

an ecosystem approach.  

An ecosystem approach thus focuses on the maintenance of  biological diversity and 

ecosystem complexity, aimed at the long-term sustainability of  the ecosystem. “Healthy, 

intact, resilient marine ecosystems have a greater capacity to provide the full range of  

benefits”,35 including the ability to withstand the impacts of  stressors, such as climate change. 

In the short term, an ecosystem approach may cause economic loss due to limitations being 

placed on the exploitation of  resources for the sake of  long-term sustainability. However, 

such short-term consequences must be balanced against future benefits in the form of  

sustainable ecosystems and their associated communities.36 “History has demonstrated that 

overexploitation of  resources resulting in diminished diversity often has both ecological and 

economic long-term opportunity costs that far exceed the short-term benefits.”37   

It has been suggested that the goal of  an ecosystem approach is thus to restore and 

sustain the functions of  ecosystems, based on their health, productivity and biological 

diversity, and the overall quality of  life, through management systems that are fully integrated 

with social and economic goals, for the benefit of  current and future generations.38 In the 

context of  fisheries, an ecosystem approach helps to plan, develop and manage fisheries in a 

manner that addresses the multiplicity of  societal needs and desires, without jeopardizing the 

options for future generations to benefit from a full range of  goods and services provided 

by marine ecosystems.39   

An ecosystem approach also allows for marine-related sectors to work in partnership in 

the protection and management of  the marine environment from a multi-sectoral 

perspective. Coordination of  efforts of  various agencies helps to reduce duplication of  work, 

reconciles conflicts among management entities with different mandates, and maximizes 

limited resources. The spatial scale of  the assessment and management of  an ecosystem 

approach may also extend across maritime boundaries and jurisdictions to encompass an 

 
35  McLeod, K.L., et al., Scientific Consensus Statement on Marine Ecosystem-Based Management, Communication Partnership for 

Science and the Sea, 2005, see http://compassonline.org/?q=EBM. 
36  The Ecosystem-based Fishery Management -A Report to Congress by the Ecosystem Principles Advisory Panel, as 

mandated by the Sustainable Fisheries Act amendments to the Magnuson-Stevens Fishery Conservation and Management 
Act 1996, see www.nmfs.noaa.gov.   

37  N.L. Christensen, et al., supra note 16. 
38  The Ramsar Convention on Wetlands, Strategic approaches to freshwater management: Background paper − The 

ecosystem approach.  
39  Report of  the Expert Consultation on Ecosystem-based Fisheries Management, Reykjavik, 16-19 September 2002. 

http://compassonline.org/?q=EBM
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entire ecosystem, and thus allows for the possible harmonization of  measures in the interest 

of  the integrity of  the marine ecosystem. Since an ecosystem approach may also deal with 

marine environmental and resource issues “across” various global, regional and sub-regional 

marine-related instruments applicable to the marine ecosystem concerned, it also permits the 

implementation of  these instruments in an integrated and harmonized manner.40 The need 

for States and relevant organizations to cooperate and coordinate at all levels in this respect 

is essential. 

Indirect benefits of  the health and sustainability of  ecosystems are also much more likely 

to result, since an ecosystem approach attaches more importance to the integrity and balance 

of  the ecosystems. Indirect benefits, such as the health of  ecosystems, cultural heritage and 

spiritual benefits, derive from the conservation and protection of  ecosystems and are hard to 

measure in monetary terms. In contrast, direct benefits with economic value generate from 

the extractive uses of  ecosystem components, such as fishing and exploitation of  oil and gas. 

While traditional societal goals have emphasized these direct benefits, an ecosystem 

approach broadens these goals to include the indirect benefits of  health and sustainability 

(see Box 4 below).41  
 

Box 4: The ecosystem approach to the management of small islands: 
 Some experiences from New Zealand 

A case study submitted to the Secretariat of the CBD 

New Zealand’s 600 small islands contribute enormously to sustaining and restoring the 
indigenous biodiversity of the country. Many species and ecological communities once 
characteristic of the mainland are now confined to islands.   

An ecosystem approach can be applied at different scales across the range of islands and in 
the context of an overall biodiversity management strategy for the country. The 600 small 
islands range from those that are maintained as uninhabited and pristine, to those that are 
the subject of intensive restoration and are often key sites for the recovery of threatened 
species, to those where community objectives, including ecotourism and sustainable 
traditional harvest, take precedence. Some of the management activities, such as the 
absolute protection of sub-antarctic Snares Islands or restoration of Campbell Island, are 

 
                                                 

40  H. Wang, “An Evaluation of  the Modular Approach to the Assessment and Management of  Large Marine 
Ecosystems”, Ocean Development & International Law 35 (4), 2004, pp. 267-286. 

41  NOAA, Marine Fisheries Advisory Committee by the Ecosystem Approach Task Force, Strategic Guidance for Implementing 
an Ecosystem-based Approach to Fisheries Management, May 2003, p. 6, see www.nmfs.noaa.gov/ocs/mafac/meetings/ 
2003_05/mafac_rev_5th_7Finalwref.pdf.  
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government initiatives, whereas other island programmes (e.g., Mana and Tiritiri 
Matangi), are collaborations between community and government.  The success of these 
projects has led to significant growth in the number of community and private island 
restoration programmes, a number of which are in partnership with or initiated by Māori, 
such as Ohinau Island. While some island protection and restoration is aimed at 
minimising and mitigating human impact, other projects are designed around community 
knowledge and aspirations and provide opportunities for people to interact with 
biodiversity. 

The national island strategy provides objectives, procedures, best-practice and standards. 
The management of New Zealand islands has evolved from simple pest eradication and 
translocation of threatened species, to the planned restoration of the key ecosystem drivers 
(e.g., seabirds), as illustrated by Mana Island and the Mercury Islands. This involves 
removal and minimisation of threats, the establishment of targets and measures and the 
step-wise addition of missing components of the system.   

While much of the reported New Zealand experience centres around the protection and 
recovery of endemic species and biological communities, the story is not complete without 
acknowledging the traditional ownership, harvest and management of island resources by 
Iwi Māori, notably the Rakiura tribes. Their ownership, management and long-term 
traditional harvest of titi or muttonbirds (Puffinus griseus) is the subject of collaborative 
research on sustainability, co-funded by the government and managed by the Rakiura Titi 
Islands Committee and undertaken jointly by the Committee and the University of Otago. 
This initiative and recent work on co-management of marine resources illustrate some of 
the challenges and benefits of acknowledging and incorporating traditional ownership and 
knowledge into a shared vision. 

Hay, R. and E. Wright, Department of Conservation submitted to the Secretariat of the CBD,  
New Zealand, see www.cbd.int. 

 

 

Summary of key ideas 

(a)  Traditional methods of  marine resource management are usually based on 
species-specific, sectoral and zonal approaches, which often fail to taken into 
account the integrity of  the ecosystem and the interaction between ecosystem 
components, and therefore have often not achieved desired outcomes. 

(b)  Sectoral management can often be characterized by overlapping management 
areas and conflicts of  functions and interests between different agencies, local 
authorities, organizations, and other concerned stakeholders. 

(c)  Integrated coastal management aims at overcoming the fragmentation 
inherent in both the sectoral management approach and the splits in 
jurisdiction among levels of  government at the land-water interface. It 
involves comprehensive planning and regulation of  human activities towards 
a complex set of  interacting objectives and aims at minimizing user conflicts 
while ensuring long-term sustainability. 
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 (d) An ecosystem approach is an evolution of  integrated coastal and ocean 
management, with a greater emphasis on ecosystem goals and objectives and 
their outcomes. Moving to an ecosystem approach should be considered an 
evolutionary step in integrated management and action, not a break with the 
past. In developing and implementing an ecosystem approach, it is thus 
important to build on existing institutions and resources developed in the 
context of  integrated coastal management. 

(e)  In an ecosystem approach, the assessment and management of  the marine 
environment and resources are addressed from multiple perspectives, 
involving natural science, technology, socio-economics, law, and politics. The 
components of  a marine ecosystem are protected and managed in a holistic, 
integrated manner, and the relations and interactions among components of  
an ecosystem are comprehensively taken into consideration.  

(f)  Ecosystem approaches are based on the idea that more holistic, integrated and 
adaptive management approaches, based on scientific information, will 
maintain ecosystems in the sustainable condition necessary to achieve desired 
economic and social benefits  

Questions for discussion 

(a)  What are the shortcomings or deficiencies of  traditional approaches to 
management and how are these overcome by integrated coastal management 
and an ecosystem approach? 

(b)  How would you characterize ecosystem approaches as an evolution from 
traditional approaches to management? What has caused this evolution? 

(c) What are the direct and indirect benefits of  an ecosystem approach? 

(d)  What are the general goals of  an ecosystem approach? 

4.  Ecosystem approaches 

As noted above, there is no single internationally agreed definition of  “ecosystem approach” 
and the term has been interpreted differently in different contexts. There are a number of  
related terms in use, 42  and definitions and explanations of  the same term can also be 
different. The result is a range of  approaches that differ in their ability to incorporate 
ecosystem information and in the degree to which management orientation is focused on 
maintaining the sustainability of  the ecosystem.43  

 
42  H. Wang, supra note 30. 
43  Christie, P., et al., “Assessing the Feasibility of  Ecosystem-based Fisheries Management in Tropical Contexts”,  

Marine Policy 31, 2007, pp. 239-250 at p. 241. 
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Despite the various concepts and definitions related to an ecosystem approach, and 
discrepancies in meanings, there is largely no difference between the terms with regard to 
their general criteria of  sustainability, ecological health, and inclusion of  humans in the 
ecosystems as well as other specific criteria. For this reason, some scholars have advocated 
the use of  only one term, such as “ecosystem-based management”.44 

4.1  Ecosystem approaches that focus on marine ecosystems 

At the most elementary level, the “ecosystem considerations” approach does not claim that 
the ecosystem is the prime focus in decision-making and ecosystem information is simply 
considered as part of  the basis for management. 45  In contrast, “ecosystem-based 
management” (EBM) calls for an integrated, comprehensive approach to the management 
of  all human activities in a marine ecosystem.46 It is understood that decision-making in the 
process of  EBM takes into account all major components of  the affected ecosystems, 
including the adjacent ecosystems (see Box 5 below). 

 
 
 

Box 5:  What is ecosystem-based management? 

Ecosystem-based management is an integrated approach to management that considers 
the entire ecosystem and the cumulative impacts of different sectors. More specifically, 
ecosystem-based management:  

1. Emphasizes the protection of ecosystem structure, functioning, and key processes;  

2. Is place-based in focusing on a specific ecosystem and the range of activities affecting it;  

3. Explicitly accounts for the interconnectedness within systems, recognizing the 
importance of interactions between many target species or key services and other non-
target species;  

4. Acknowledges interconnectedness among systems, such as between air, land and sea; 
and  

5. Integrates ecological, social, economic, and institutional perspectives, recognizing their 
strong interdependences.  

McLeod, K.L., et al., Scientific Consensus Statement on Marine Ecosystem-Based Management, 
Communication Partnership for Science and the Sea, 2005, see http://compassonline.org/?q=EBM. 

 

 
                                                 

44  See, for example, Arkema1, K., et al., “Marine Ecosystem-based Management: from Characterization to 
Implementation”, Front Ecological Environment 4 (10), 2006, pp. 525-528.  This manual will use the more general expression, 
an “ecosystem approach”. 

45  Christie, P., et al., supra note 43 at p. 240.  
46  Ibid. 
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It is noted, however, that there are various definitions of  the term “ecosystem-based 

management”, 47  and in some literature, the terms “ecosystem-based management” and 

“ecosystem management” are used interchangeably. There is also little agreement on the new 

terminology, conceptual categories, and classifications used to discuss ecosystem-based 

management. 48   In addition, the terms “ecosystem-based management” and “ecosystem 

management” have been expressed in different phrases, such as “integrated ecosystem 

management”, and “total ecosystem management”.49    

The Committee on the Scientific Basis for Ecosystem Management of  the Ecological 

Society of  America has defined “ecosystem-based management” as a systemic process aimed 

at the sustainable use of  natural resources largely through the integration of  economic, 

ecological, social, and technological elements, and the protection of  ecosystems in the 

utilization of  natural resources. 50 It has also defined the term “ecosystem management” as 

management based on the “best understanding of  the ecological interactions and processes 

necessary to sustain ecosystem structure and function.” 51   

It should be noted that it is scientifically more accurate to speak of  “ecosystem-based 

management” or “an ecosystem approach to management” as opposed to “ecosystem 

management”.52 The term “ecosystem management” implies controlling and managing an 

entire ecosystem as such, which is beyond the ability of  humans. In fact, humans cannot 

control ocean currents or most animals within a marine ecosystem. Ecosystem-based 

 
47  For a list of  selected definitions of  ecosystem management, see N.L. Christensen, et al., supra note 16. 

48  Cortner, H.J., et al., “Institutional Barriers and Incentives for Ecosystem Management”, Gen. Tech. Rep. PNW- 
GTR-354, Portland, Department of  Agriculture, Forest Service, Pacific Northwest Research Station, 1996, at p. 35. 

49  In this context, the term “management” might generally be defined as the regulation of  human activities and 
resources to achieve certain objectives. Alexander, L.M., “Management of  Large Marine Ecosystem: A Law of  the Sea-
Based Governance Regime,” H. Kumpf, K. Sreidinger and K. Sherman (eds.), The Gulf  of  Mexico Large Marine Ecosystem: 
Assessment, Sustainability, and Management, Malden, Blackwell Science, 1999, chapter 30. “Management” has also been defined 
as, “a continuous, interactive, adaptive, participatory process comprised of  a set of  related tasks, all of  which must be 
carried out to achieve a desired set of  goals and objectives, however those goals and objectives are established and 
specified.”, “ICM Basics: What is Management?”, at www.globaloceans.org  

50  N.L. Christensen,  et al., supra note 16. 

51  Ibid. 

52  An “ecosystem approach to management” has been defined as “management that is adaptive, specified geographically, 
takes into account ecosystem knowledge and uncertainties, considers multiple external influences, and strives to balance 
diverse social objectives” (see NOAA, “Internal Ecosystem Research and Science Task Team, Framework for an 
External Review of  NOAA’s Ecosystem Research and Science Enterprise” at: www.sab.noaa.gov). 
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management, therefore, focuses on managing human activities, rather than deliberately 

manipulating or managing entire ecosystems.53 

4.2  Ecosystem approaches that focus on fisheries 

Ecosystems-based management and ecosystem-based fisheries management (EBFM) are 

different, but complementary approaches. As noted above, EBM calls for an integrated 

comprehensive approach to management of  all human activities affecting oceans and seas, 

instead of  focusing on fisheries. 54  In comparison, EBFM has been defined as “fishery 

management actions aimed at conserving the structure and function of  marine ecosystems, 

in addition to conserving the fishery resource.” 55  It thus emphasizes an improved 

understanding and management of  stock interactions, stock-prey relationships, and habitat 

protection. It requires a set of  policies and principles to reduce and eliminate impacts of  

fisheries on the ecosystem, including the control of  overfishing and reduction of  by-catch.  

In contrast, the purpose of  an “ecosystem approach to fisheries” (EAF) is “to plan, 

develop and manage fisheries in a manner that addresses the multiple needs and desires of  

societies, without jeopardizing the options for future generations to benefit from the full 

range of  goods and services provided by marine ecosystems.”56 EAF differs from the EBFM 

approach by balancing socio-economic needs with ecological function. It focuses on fishery 

management to make decisions while taking into account other ecosystem components.57   

Although there are relative discrepancies between various terms concerning ecosystems 

approaches to fisheries and marine ecosystems, it is clear that individual management 

activities such as fisheries management should be integrated with, rather than isolated from, 

the holistic management of  the entire marine ecosystem. In the international context, 

CCAMLR provides a good example of  implementation of  EBFM. In the developing State 

context, the Fisheries Improved for Sustainable Harvest (FISH) project in the Philippines is 

in the early stages of  EBFM (see Box 6 below).58   
 

 
53  K.L. McLeod, et al., supra note 35. 
54  Christie, P., et al., supra note 43. 
55  The Ecosystem-based Fishery Management, supra note 36. 
56  FAO, supra note 29. 
57  P. Christie, et al., supra note 43. 
58  Ibid. 
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Box 6:   EBFM case study: The FISH project 

The FISH Project (Fisheries for Improved Sustainable Harvest) is a seven-year effort 
focused on strengthening the capability of local and national institutions to manage coastal 
resources and marine fish stocks in the Philippines. FISH has adopted an EBFM 
framework and aims at a 10% increase in fish stocks in four target areas by 2010.  

As detailed below, a combination of growth, control and maintenance mechanisms are 
implemented in close coordination with fishers, local government units, national 
government agencies and other key stakeholders:  

1.  Growth mechanisms - to enhance fisheries production and marine ecosystem integrity:  

a. Encourage environment-friendly economic development and revenue-generating 
mechanisms such as marine ecotourism, user-fee system and appropriate 
aquaculture.  

2.  Control mechanisms - to allocate access to fisheries and coastal resources: 

a. Identify restrictions on fishing gear, fish size limits, fishing areas and seasons to 
achieve sustainable fishing based on the results of the baseline assessment, critical 
threats analysis, and stakeholder planning;  

b. Register fishers and issue licenses for fishing vessels and gear (municipal and 
commercial) based on estimated sustained yield of fish stocks;  

c. Establish a licensing system supported by legislation for commercial fishing vessels 
to operate in areas where sustainable yields of fish stocks can be expected and 
regulated; and 

d. Train coastal law enforcement units to enforce fisheries and other coastal resource-
related laws.  

3. Maintenance mechanisms - to improve institutional capacity for fisheries and coastal 
resource management: 

a. Develop ecosystem-based fisheries management programmes to address critical 
threats to fisheries and other coastal resources;  

b. Cluster local government units into viable fisheries and coastal resource 
management units in association with interagency and multisectoral collaborative 
mechanisms for planning, implementation and enforcement;  

c. Assist stakeholders integrate population and reproductive health programmes in 
fisheries management; 

d. Identify appropriate and efficient market-based incentives for compliance and 
investments in sustainable fisheries; and  

e. Promote public-private partnerships for fisheries management.  

FISH is unique for the Philippines and other tropical countries in the following ways: 

a. The definition of project target areas was informed by ecological criteria (fisheries 
boundaries that represent ecosystem function), rather than based mainly on 
political boundaries. 
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b. The project is working with groups of municipal and provincial government 
agencies whose jurisdictions cover the fisheries ecosystem of concern. 

c. The project’s planning process encourages municipal governments to look beyond 
their boundaries and commit to an EBFM plan as opposed to only municipal 
government plans. 

d. Ecosystem response to management interventions will be measured throughout the 
project with specific and ambitious goals of 10% increase in biomass of selected 
fisheries in focal sites of the larger project target areas. 

Christie, P., et al., “Assessing the Feasibility of Ecosystem-based Fisheries Management in Tropical 
Contexts”, Marine Policy 31, 2007, pp. 239-250;  One Ocean - The Philippines’ Coastal and 
Fisheries Management Information Center, see www.oneocean.org. 

 
 

 

Summary of key ideas 

(a)  There are a number of  terms in use that describe an ecosystem approach and 
definitions and explanations of  the same term can also be different. The 
result is a range of  ecosystem approaches that differ in their ability to 
incorporate ecosystem information and the degree to which management 
orientation is focused on maintaining the sustainability of  the ecosystem. 

(b)  Ecosystem-based management calls for an integrated and comprehensive 
approach to the management of  all human activities in a marine ecosystem. 
Decision-making in the process of  EBM takes into account all major 
components of  the affected ecosystems, including the adjacent ecosystems. 

(c) Ecosystem-based fisheries management aims at conserving the structure and 
function of  marine ecosystems, in addition to conserving fishery resources. It 
emphasizes an improved understanding and management of  stock 
interactions, stock-prey relationships, and habitat protection, and requires 
policies and principles to reduce and eliminate impacts of  fisheries on the 
ecosystem, including the control of  overfishing and reduction of  by-catch. 

(d)  Despite differences in the various conceptions and definitions of  ecosystem 
approaches, these approaches all emphasize sustainability, ecological health, 
and inclusion of  humans in the ecosystems.  

Questions for discussion 

(a)  What are the key elements of  ecosystem-based management? 

(b)  Describe examples of  ecosystem approaches to marine ecosystems and 
fisheries? 

(c)  What is the main difference between the various concepts of  an ecosystem 
approach? 

(d)  What ecosystem approaches have been adopted in your region(s)? 
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5.  Ecosystem approaches in international law and policy instruments  
and programmes 

5.1  Global instruments on ecosystem approaches  

The origin of  the movement towards an ecosystem approach is said to have been a proposal 
of  the International Council for the Exploration of  the Sea (ICES) at its first meeting in 
1901. The initiative was the consequence of  an awareness of  the limitation of  marine 
resources and the adverse impacts of  over-exploitation. Since the mid-1970s, ICES has given 
increasing prominence to a multi-species approach to the management of  marine living 
resources,59 which has evolved into a broader concept of  ecosystem approaches.60   

The movement towards an ecosystem approach has been gradually promoted worldwide 
through a series of  global and regional initiatives. Since the 1980s, the concept has also been 
incorporated into a number of  international legal and policy instruments, as described below.  
As awareness of  the need for an ecosystem approach has increased, the international 
governance framework to regulate and manage ocean-related activities has also evolved  
(see Annex I to Module I). Information on the regulatory framework for area-based 
management tools can be found in Module IV, sect. 7. 

Convention on the Conservation of Antarctic Marine Living Resources  

The first international convention to adopt an ecosystem approach was CCAMLR. 61  The 
impetus behind this convention was the concern in the 1970s over the large-scale krill fishery 
and its harmful impact on the whole Antarctic marine ecosystem. Since krill forms the basis of  
the Antarctic food chain, its exploitation threatened to jeopardize other dependent and 
associated marine living resources in the area.62 In view of  the importance of  the integrity of  the 
Antarctic ecosystem,63 the objective of  CCAMLR was to conserve the Antarctic marine living 
resources,64 which are defined as “the populations of  fin fish, molluscs, crustaceans and all other 
species of  living organisms, including birds, found south of  the Antarctic Convergence”.65  

 
59  Sherman, K. and L.M. Alexander (eds.), “Introduction to Part One: Case Studies of  Perturbations in Large Marine 

Ecosystems”, Biomass Yields and Geography of  Large Marine Ecosystems, Chapter 1, Colorado and London: Westview Press, 1989, at p. 3. 
60  See, for example, the ICES Strategic Plan, February 2002, at www.ices.dk/iceswork/strategic%20plan-final.pdf. 
61  CCAMLR, supra note 19. 
62  Gulland, J.A., “The Antarctic Treaty System as a Resource Management Mechanism,” G. Triggs (ed.),  

The Antarctic Treaty: Law, Environment and Resources, Cambridge University Press, 1987, pp. 116-127 at p. 120. 
63  See CCAMLR Scientific Committee, Ecosystem Approach, preamble, at www.ccamlr.org/pu/e/sc/eco-app-intro.htm.  
64  CCAMLR, supra note 19, article 2 (1). 
65  Ibid., article 1 (2). 
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The ecosystem approach in CCAMLR is innovative and has set the benchmark for a new 

international regime for the conservation of  marine living resources. The ecosystem 

approach is defined primarily in sub-paragraphs (b) and (c) of  article 2(3) of  the 

Convention. 66 Sub-paragraph (b) requires the maintenance of  the ecological relationships 

between all the organisms concerned in the Antarctic ecosystem. The conservation measures, 

therefore, focus not only on the harvested species, but also dependent and related 

populations. For example, in regulating fishing for target species, such as krill, consideration 

needs to be given to the impact of  fishing on those populations; however impacts on 

dependent or associated species who feed on krill, such as whales and penguins, also need to 

be taken into account. In other words, dependent or associated species should be protected 

from the adverse impacts of  harvesting the target species. This multi-species approach 

differs from the traditional single-species approach, which would only consider the target 

species when setting catch limits.67   

Sub-paragraph (c) provides that the Antarctic marine ecosystem is to be preserved from 

irreversible changes and reflects the so-called precautionary principle. Accordingly, any risk 

or threats of  long-term adverse effects on the Antarctic marine ecosystem must be 

prevented or minimized without delay, even if  sufficient and solid scientific evidence for 

such effects is not available.68 The precautionary principle thus plays an important role in  

the ecosystem approach of  CCAMLR. 69  One important aspect of  this approach to the 

preservation of  the whole Antarctic ecosystem is the setting of  a “conservative  

 
66  Ibid., article 2 (3) states:   

“Any harvesting and associated activities in the area to which this Convention applies shall be conducted in accordance with 
the provisions of  this Convention and with the following principles of  conservation: (a) prevention of  decrease in the size 
of  any harvested population to levels below those which ensure its stable recruitment. For this purpose its size should not 
be allowed to fall below a level close to that which ensures the greatest net annual increment; (b) maintenance of  the 
ecological relationships between harvested, dependent and related populations of  Antarctic marine living resources and the 
restoration of  depleted populations to the levels defined in sub-paragraph (a) above; and (c) prevention of  changes or 
minimisation of  the risk of  changes in the marine ecosystem which are not potentially reversible over two or three decades, 
taking into account the state of  available knowledge of  the direct and indirect impact of  harvesting, the effect of  the 
introduction of  alien species, the effects of  associated activities on the marine ecosystem and of  the effects of  
environmental changes, with the aim of  making possible the sustained conservation of  Antarctic marine living resources.” 

67   Lyster, S., International Wildlife Law: An Analysis of  International Treaties Concerning with the Conservation of  Wildlife, 
Cambridge, University Press, 1994, at p. 158. 

68  Principle 15 of  the 1992 Rio Declaration which provides for the precautionary approach states:  

“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.” 

69  For a discussion on the linkages between the precautionary principle and ecosystem management, see Kaye, S.M., 
International Fisheries Management, The Hague, London, Boston, Kluwer International, 2001, at pp. 273-274.    
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(i.e. precautionary) krill catch limit” to take account of  the needs of  associated species and 

to preserve the ecological sustainability of  all the species concerned.70  

The ecosystem approach in CCAMLR is further reflected in its geographic scope of  

application: the whole Antarctic area within the Antarctic Convergence, which is the natural 

ecological boundary of  the Antarctic ecosystem. 71  CCAMLR also provides for the 

harmonization of  conservation measures adopted in respect of  any stock or stocks of  

associated species that occur both within the CCAMLR Convention Area and in its adjacent 

marine areas.72  In addition, CCAMLR provides mechanisms and measures to implement its 

ecosystem approach to the conservation of  the Antarctic marine ecosystem.73   

United Nations Convention on the Law of the Sea 

UNCLOS provides the legal framework for the implementation of  an ecosystem approach 

with respect to all activities conducted in marine areas. Although UNCLOS does not 

explicitly provide for an ecosystems approach, its objectives and relevant provisions are 

supportive of  such an approach, as described below.74  

 
70  CCAMLR Scientific Committee, supra note 63. 
71  Article 1 (1) of  CCAMLR reads:  

“This Convention applies to the Antarctic marine living resources of  the area south of  60o south latitude and to the 
Antarctic marine living resources of  the area between that latitude and the Antarctic Convergence which form part of  the 
Antarctic marine ecosystem.” 

The Antarctic Convergence is where warmer sub-Antarctic waters flowing south meet the colder Antarctic waters in an 
upwelling zone of  considerable biological productivity, forming a natural biological frontier which separates distinct marine 
communities on either side.  Its coverage extends beyond the boundary of  the Antarctic Treaty area at 60º South latitude 
and includes an important area between the Convergence and 60º South latitude where many of  the known concentrations 
of  krill are situated;  Baird, R., “Fishing and the Southern Ocean: The Development of  Fisheries and the Role of  
CCAMLR in their Management”, University of  Tasmania Law Review 16 (2), 1997, p. 168; Mitchell, B. and J. Thinker, Antarctic 
and Its Resources, London, Earthscan, 1980, at p. 67.    

72  CCAMLR, supra note 19, article 11. 
73  See particularly articles 7, 9, 10, 11, 14, 15, 24 of  CCAMLR, CCAMLR, supra note 19. 
74  L.M. Alexander, supra note 49, pp. 512-513; Birnie, P., “Are Twentieth-Century Marine Conservation Conventions 

Adaptable to Twenty-first Century Goals and Principles? Part I”, The International Journal of  Marine and Coastal Law 12 (3), 
1997, pp. 307-339; Orrego Vicuña, F., The Changing International Law of  High Seas Fisheries, Cambridge University Press, 1999, 
at p. 289; Miles, E.L. “The Approaches of  UNCLOS III & Agenda 21- A Synthesis”, M.K. Atmadja, T.A. Mensah and  
B.H. Oxman (eds.), Sustainable Development and Preservation of  the Oceans: The Challenges of  UNCLOS and Agenda 21, The Law 
of  the Sea Institute, William S. Richardson School of  Law, University of  Hawaii, 1997, pp. 16-42 at pp. 16, 18 and 27-28;  
Kimball, L.A., “United Nations Convention on the Law of  the Sea: A Framework for Marine Conservation”, The Law of  the 
Sea: Priorities and Responsibilities in Implementing the Convention, Part I, Gland, Switzerland: IUCN, 1995, at pp. 77 and 103; 
Hayashi, M., “The 1995 UN Fish Stocks Agreement and the Law of  the Sea,” D. Vidas and W. Østreng (eds.), Order for the 
Oceans at the Turn of  the Century, Kluwer Law International, The Hague, London, Boston, 1999, pp. 37-53 at pp. 48-49;  
Hey, E., The Regime for the Exploitation of  Transboundary Marine Fisheries Resources: The United Nations Law of  the Sea Convention 
Cooperation between States, Martinus Nijhoff  Publishers, Dordrecht, Boston, London, 1989, at p. 54. 
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First, an ecosystem approach coincides with the spirit and objectives of  UNCLOS.  

For example, as stated in the preamble, one of  the objectives of  UNCLOS is to promote the 

equitable and efficient utilization of  the resources of  the oceans and seas, the conservation 

of  marine living resources, and the study, protection and preservation of  the marine 

environment. 75  UNCLOS also recognizes that “the problems of  ocean space are closely 

interrelated and need to be considered as a whole.”76 These provisions are supportive of  the 

view that an integrated ecosystem approach is the optimum way in which to deal with 

complex issues of  ocean management.  

Second, a number of  specific provisions embrace attributes of  an ecosystem approach, 

including articles 61, 63, 64, 66, 67, 118, 119, 123, 145, 192, 194 (1) (5) and 211 (6), as 

highlighted below.  

(a)  UNCLOS not only recognizes the interrelation between harvested species and 

associated species, but also the ecological integrity and geographical interrelation of  

transboundary stocks.77  The general principles concerning marine living resources 

require States to adopt conservation and management measures based on the best 

scientific evidence available and designed to maintain or restore harvested species at 

levels that can produce maximum sustainable yield, as qualified by relevant 

environmental and economic factors.  According to articles 61 (3) (4) and 119 (1), 

when determining allowable catch and establishing conservation measures for living 

resources in exclusive economic zones (EEZs) and high seas, respectively, the 

interdependence of  stocks and the effects on dependent and associated species are 

to be taken into account with a view to maintaining or restoring populations of  such 

species above levels at which their reproduction may become seriously threatened. 

Articles 63, 64, 66, and 67 recognize the ecological and geographic integrity of  

certain stocks as well as the interrelation of  conservation and management measures 

between EEZs and the high seas, and require relevant States to cooperate to varying 

degrees in the conservation and management of  such stocks.  In the case of  highly 

 
75  UNCLOS, preamble, para. 4.    
76  For example, the Jamaica-Colombia Joint Regime Area. For other examples of  maritime joint management 

/development zones; see Mann Borgese, E.M., The Oceanic Circle: Governing the Seas as A Global Resource,  
United Nations, University Press, Tokyo, New York, Paris, 1998, at p. 133. 

77  Committee on the Environment, Regional Planning and Local Authorities, Parliamentary Assembly,  
Council of  Europe, The Oceans: State of  the Marine Environment and New Trends in International Law of  the Sea,  
Report Doc. 8177, 1998. 
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migratory species, article 64 provides for international cooperative arrangements for 

conservation and optimum utilization to apply to the entire migratory range of  the 

stocks.  Article 64 is “in fact dealing with such resources in terms of  ecosystem 

approaches”. 78   The approach provided in Part V of  UNCLOS with respect to 

fisheries management “is deliberately partially ecosystemic in nature (i.e., target 

species must be treated in conjunction with associated and dependent species).”79   

All necessary components of  a changed fisheries management paradigm can thus be 

found within UNCLOS.80 

(b) As in the case of  an ecosystem approach, socio-economic factors are also to be 

considered in the conservation and management of  marine living resources under 

UNCLOS. For example, articles 61 (3) and 119 (1) (a) provide that economic factors, 

including the economic needs of  coastal communities and the special requirements 

of  developing countries, are to be taken into account when determining allowable 

catch and establishing conservation and management measures.  

(c) UNCLOS contains specific provisions on the protection of  rare or fragile 

ecosystems and, more generally, of  the ecological balance of  the marine 

environment. Basic principles on the protection and preservation of  the marine 

environment require States to protect all areas of  the oceans from all sources of  

degradation, as well as to adopt special measures for rare or fragile ecosystems and 

the habitats of  depleted, threatened or endangered species and other forms of  

marine life, as provided in article 194 (5). Pursuant to article 211(6), where 

international rules and standards are inadequate, special measures may be applied by 

the coastal State, as approved by International Maritime Organization (IMO), for the 

prevention of  pollution from vessels in a clearly defined area of  the EEZ recognized 

for its oceanographical and ecological conditions. Article 145 also expressly requires 

the protection of  “the ecological balance of  the marine environment” from harmful 

effects of  activities in the Area, defined in article 1 as the seabed and ocean floor and 

subsoil thereof, beyond the limits of  national jurisdiction.81  

 
78  F. Orrego Vicuña, supra note 74, at p. 43.    
79  E.L. Miles, supra note 74, at p. 18. 
80  P. Birnie, supra note 74, at pp. 313-314. Also see E.L. Miles, supra note 74, at p. 28.  
81  See also Annex of  the 1994 Agreement relating to the Implementation of  Part XI of  the United Nations Convention 

on the Law of  the Sea, paras. 5 and 7, sect. 1. 
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(d) UNCLOS also contains other provisions that facilitate an ecosystem approach, 

including the general obligation of  States to protect and preserve the marine 

environment;82 international coordination and cooperation in the conservation and 

management of  marine living resources;83 and the utilization of  the best scientific 

evidence available.84   

More elaborate ecosystem approaches have gradually evolved since UNCLOS was 

adopted.  The concept was specifically developed in the 1995 United Nations Agreement for 

the Implementation of  the Provisions of  the United Nations Convention on the Law of  the 

Sea of  10 December 1982 relating to the Conservation and Management of  Straddling Fish 

Stocks and Highly Migratory Fish Stocks, also known as the United Nations Fish Stocks 

Agreement (UNFSA), and the 1995 FAO Code of  Conduct for Responsible Fisheries  

(see below).85 UNFSA’s detailed regime governing straddling fish stocks and highly migratory 

species was negotiated and approved on the basis of  principles and concepts embraced in 

UNCLOS, including provisions supporting an ecosystem approach.86 

Since the adoption of  UNCLOS, a number of  new concepts and principles have also 

emerged, including ecosystem-based management and Large Marine Ecosystems (LMEs - 

see Box 7 below), many of  which have been incorporated into international instruments. 

Some instruments, especially Agenda 21 and the CBD, have more specifically envisaged an 

ecosystem approach. 
 

 
82  UNCLOS, article 192. 

83  See, for example, articles 61(2) (5), 63, 64, 66, 67, 118, 123, 194, and 197 of  UNCLOS. The requirement of  article 

123 for the coordination and cooperation of  States bordering enclosed or semi-enclosed seas in the conservation and 

management of  living resources in these seas is particularly important because some Large Marine Ecosystems are defined 

as such seas. See L.M. Alexander, supra note 49.    

84  See, for example, UNCLOS, article 61(2). 

85  Code of  Conduct for Responsible Fishing, at www.fao.org/fi.agreem/codecond/ficonde.asp.    

86  F. Orrego Vicuña, supra note 74, at p. 43. See also Tahindro, A., “Comments in Light of  the Adoption of  the 1995 

Agreement for the Conservation and Management of  Straddling Fish Stocks and Highly Migratory Fish Stocks”,  

Ocean Development and International Law 28, 1997, pp. 1-58 at pp. 6-7. Regarding the relationship between UNFSA and 

UNCLOS, article 4 of  UNFSA provides: “Nothing in this Agreement shall prejudice the rights, jurisdiction and duties of  

States under the Convention. This Agreement shall be interpreted and applied in the context of  and in a manner consistent 

with the Convention.” 
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Box 7:  Case study: The modular approach to  
large marine ecosystems management 

The concept of Large Marine Ecosystems emerged in the 1980s and recently has become a 
focal topic in international ocean governance. LMEs were defined by Sherman and 
Alexander as “regions of ocean space encompassing coastal areas from river basins and 
estuaries on out to the seaward boundary of continental shelves and the seaward boundary 
of coastal current systems. They are relatively large regions on the order of 200,000 km² or 
larger, characterized by distinct bathymetry, hydrography, productivity, and trophically 
dependent populations.” Sixty-four LMEs have been identified around the world.  

LMEs have great social, economic and environmental significance and are a focal area of 
various sea uses and competing interests, since most maritime activities take place in these 
areas. Conflicting interests over the use and protection of LMEs exist not only between 
domestic stakeholders, but between neighbouring States, and between coastal States and 
States with high seas interests. As a result, LMEs are particularly vulnerable to over-
exploitation and pollution, and suffer from degradation and deterioration. 

LMEs are highly complex in terms of ocean management because of transboundary 
elements and the involvement of various sectors and stakeholders. LMEs normally cover 
the territorial waters and EEZs of coastal States, and in case of the habitats of some 
straddling stocks and highly migratory species, the high seas beyond 200 nautical miles. 
Crossing several maritime zones, an LME normally encompasses many component 
ecosystems and relates to other interconnected ecosystems.  

To be effective, the boundaries of LME management need to correspond with the natural 
boundaries of an LME. LME management not only must take into account the populations 
of exploited organisms, but also unexploited species that may be dependent and associated, 
their habitats, and even the socio-economic development of the area concerned. A holistic 
approach is thus needed to encompass the entire ecosystem as an integrated management 
unit and to conserve and manage entire communities of organisms and their habitats as a 
whole.  

The concept of LME management reflects a large scale and holistic approach to assessment 
and control of marine natural resources. The sixteen current LME projects use five linked 
modules to monitor, assess and manage marine ecosystems: productivity and carrying 
capacity; fish and fisheries; pollution and ecosystem health; socio-economic conditions; 
and pertinent governance regimes. These modules cover all the major aspects of the 
protection and management of an LME, representing a paradigm shift from a sectoral, 
species-specific approach to a holistic, ecosystem approach to the assessment and 
management of the marine environment and resources.  

Wang, H., “Ecosystem Management and Its Application to Large Marine Ecosystems: Science, Law, 
and Politics, Ocean Development and International Law 1, vol. 35, 2004, pp.41-74; and  
An Evaluation of the Modular Approach to the Assessment and Management of Large Marine 
Ecosystems”, Ocean Development and International Law 3, vol. 35, 2004, pp. 267-286. 
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Agenda 21 

The 1992 Declaration of  the United Nations Conference on Environment and 
Development, known as the Rio Declaration, is well-recognized as a milestone in the 
development of  international environmental law. It served to reaffirm the 1972 Declaration 
of  the United Nations Conference on the Human Environment (Stockholm Declaration), 
and also introduced new principles, 87  including an ecosystem approach. The principles 
adopted at UNCED are important “soft law” statements of  an ecosystem approach and 
have been incorporated into legally binding international instruments, such as the CBD and 
UNFSA.  

In its preamble, the Rio Declaration recognizes “the integral and interdependent nature 
of  the Earth”, and calls on States to “protect the integrity of  the global environmental and 
developmental system”. Principle 7 requires States to “cooperate in a spirit of  global 
partnership to conserve, protect and restore the health and integrity of  the Earth’s 
ecosystem.” The theme of  the Declaration -- the principle of  sustainable development88 -- 
also establishes a policy basis for an ecosystem approach. In addition, principle 15 of  the Rio 
Declaration provides for the precautionary approach, which is also very supportive of  
ecosystem approaches.89   

UNCED gave particular weight to ecological awareness and to the ecosystem as a unit 
of  ocean management.90 In this regard, the holistic approach to both marine and terrestrial 
ecosystems was firmly endorsed by Agenda 21, which was adopted at UNCED. 91  The 
preamble to Agenda 21 emphasizes that “the continuing deterioration of  the ecosystems” is 

 
87  The 1972 Stockholm Declaration, International Legal Materials 11, 1972, p. 1416. Examples of  such new principles 

related to environmental protection include, among others, the principle of  sustainable development (Principle 3), the 
principle of  common but differentiated responsibilities (Principle 7), public participation (Principle 10), the precautionary 
approach (Principle 15), the polluter pays principle (Principle 16), environmental impact assessment (Principle 17), and a 
vital role for indigenous people and women in environmental management (Principles 20 and 22), etc. 

88  The meaning of  sustainable development is expressed in Principle 3 of  the Rio Declaration: “The right to 
development must be fulfilled so as to equitably meet developmental and environmental needs of  present and future 
generations.”    

89  Principle 15 of  the 1992 Rio Declaration reads:  

“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 environment degradation.” 

90  Johnston, D.M., “UNCLOS III and UNCED: A Collision of  Mind-Set?”, L.K. Kriwoken, et al., (eds.), Ocean Law and 
Policy in the Post-UNCED Era: Australian and Canadian Perspectives, Kluwer Law International , London, The Hague, Boston, 
1996, p. 13.     

91  Freestone, D., “The Conservation of  Marine Ecosystem under International Law,” M. Bowman and  
C. Redgwell (eds.), International Law and the Conservation of  Biological Diversity, Kluwer Law International, London, The Hague, 
Boston, 1996, p. 94.  See also Juda, L., “Rio Plus Ten: The Evolution of  International Marine Fisheries Governance”, Ocean 
Development and International Law 33, 2002, pp. 109-144, at pp. 111-112. 
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one of  the major issues with which humanity is confronted, and that “better protected and 
managed ecosystems” cannot be achieved without integration of  environment and 
development as well as international cooperation.  

Following upon UNCLOS, Agenda 21 highlighted that the marine environment, 
including the oceans and all seas and adjacent coastal areas, forms an integrated whole and 
presents opportunities for sustainable development. Agenda 21 confirmed that UNCLOS 
provides an international basis for the protection and sustainable development of  the marine 
and coastal environment and its resources, and emphasized that this demanded “new 
approaches to marine and coastal area management and development, at the national, 
subregional, regional and global levels, approaches that are integrated in content and are 
precautionary and anticipatory in ambit”. 92   These principles, as well as the programme 
areas93 laid out in Chapter 17 of  Agenda 21 on oceans and seas, promote an ecosystem 
approach. While UNCED rejected the idea of  including the LME concept in Agenda 21, 
ecosystem approaches were included in Chapter 17 and the cross-sectoral, interdisciplinary, 
and regional elements were endorsed.94   

Convention on Biological Diversity 

The Convention on Biological Diversity deals with biological diversity, including marine 
ecosystems,95 and is the only legally binding global instrument that covers all ecosystems.96  
It adopts a holistic, multispecies approach to the conservation of  biological diversity and the 
sustainable use of  its components, which differs from the traditional, single-species 
approach. 97  It provides that the conservation of  ecosystems is fundamental to the 
conservation of  biological diversity, 98  and sets out a framework adopting an ecosystem 

 
92  Paragraph 1 of  Chapter 17 of  Agenda 21. 
93  The seven programme areas laid out in Chapter 17 of  Agenda 21 are: a) integrated management and sustainable 

development of  coastal areas, including exclusive economic zones; b) marine environmental protection; c) sustainable use 
and conservation of  marine living resources of  the high seas; d) sustainable use and conservation of  marine living resources 
under national jurisdiction; e) addressing critical uncertainties for the management of  the marine environment and climate 
change; f) strengthening international, including regional, cooperation and coordination; and g) sustainable development of  
small islands. 

94 Laughlin, T.L., “Chapter 17 of  Agenda 21: Implementing Data and Information Aspects,” Marine Policy 17 (6), 1993, 
pp. 557-560. 

95  See article 2 of  the Convention on Biological Diversity, at supra note 14. 
96  Goote, M.M., “Convention on Biological Diversity: The Jakarta Mandate on Marine and Coastal Biological Diversity,” 

International Journal of  Marine and Coastal Law 12 (3), 1997, p. 376 at p. 378. 
97  Attridge, I. (ed.) Biodiversity Law and Policy in Canada: Review and Recommendations, Canadian Institute for Environmental 

Law and Policy, Toronto, 1996, p. 27.  
98  See paragraph 10 of  the preamble of  the CBD. 
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approach to biodiversity conservation and sustainable use, as described below.99 The ecosystem 
approach has been adopted as the primary framework for action under the CBD.100  

Two out of  the three core objectives of  the CBD are most directly related to ecosystem 
protection – the conservation of  biological diversity and the sustainable use of  its 
components. 101  The third objective – equitable sharing of  benefits arising from the 
utilization of  genetic resources – is also important for an ecosystem approach, as noted in 
decision V/6 of  the CBD COP, which provides that the application of  the ecosystem 
approach will help to reach a balance among the three objectives

The jurisdictional scope of  the CBD covers both areas within and beyond the limits of  
national jurisdiction in consideration of  the integrity of  ecosystems and the effects of  
human activities on biodiversity.102 Accordingly, the CBD requires international cooperation 
beyond areas of  national jurisdiction and on other matters of  mutual interest.103 The CBD 
also provides a set of  measures for the conservation of  ecosystems and biodiversity,104 such 
as general measures for conservation and sustainable use, in-situ and ex-situ conservation, 
and monitoring. In particular, articles 8 (d) and (f) specifically refer to the protection and 
restoration of  ecosystems. The establishment of  protected areas, one of  the means of  
supporting the implementation of  ecosystem approaches, is also envisaged in article 8.   

In terms of  implementation,105 article 22 of  the CBD states that, with respect to the 
marine environment, the CBD is to be implemented “consistently with the rights and 
obligations of  States under the law of  the sea”.106 While the reference to the law of  the sea 

 
99  See Secretariat of  the Convention on Biological Diversity, supra note 14.  COP Decision V/6, is available from 

www.biodiv.org/decisions/default.asp?lg=0&m=cop-05&d=06. It has been indicated that the ecosystem approach forms 
the underlying philosophy of  CBD, see Johnston, S., “The Convention on Biological Diversity: The Next Phase”, Review of  
European Community and International Environmental Law 6 (3), 1997, pp. 219-230. See also Matz, N., “The Interaction between 
the Convention on Biological Diversity and the UN Convention on the Law of  the Sea”, P. Ehlers, et al., (eds.), Marine Issues: 
From A Scientific, Political and Legal Perspective, Kluwer Law International, The Hague, London, New York, 2002, pp. 203-220, 
at pp. 207-210. 

100  CBD COP Decision II/8. 
101  Convention on Biological Diversity, Article 1. 
102  Convention on Biological Diversity, Article 4. 
103  Convention on Biological Diversity, Article 5.      
104  See especially articles 6 through 10 of  the CBD. 
105  De Fontaubert, A.C., D.R. Downes and T.S. Agardy, Biodiversity in the Seas: Implementing the Convention on Biological 

Diversity in Marine and Coastal Habitat, Gland, Switzerland and Cambridge: IUCN, 1996. 
106  Article 22 of  the Convention on Biological Diversity provides:  

“(1) The provisions of  the Convention shall not affect the rights and obligations of  any contracting Party deriving from any 
existing international agreement, except where the exercise of  those rights and obligations would cause a serious damage or 
threat to biological diversity.  

(2) Contracting Parties shall implement this Convention with respect to the marine environment consistently with the rights 
and obligations of  States under the law of  the sea.” 
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was intended to refer to UNCLOS, there are a number of  other legal instruments which, 
together, form the corpus of  the law of  the sea107 including, in regards to the conservation 
and management of  marine resources, UNFSA and the Agreement to Promote Compliance 
with International Conservation and Management Measures by Fishing Vessels on the High 
Seas (the FAO Compliance Agreement).108  

The marine environment has been on the agenda of  the COP and the Subsidiary Body 

on Scientific, Technical and Technological Advice (SBSTTA) of  the CBD since September 

1995.  The COP and the SBSTTA have developed a series of  recommendations and 

decisions on the implementation of  the CBD, including the Jakarta Mandate on Marine 

and Coastal Biodiversity.109 Adopted by the Second Meeting of  the COP in November 1995, 

the Mandate is a Ministerial Statement on the Implementation of  the CBD, referring to a 

new global consensus on the importance of  marine and coastal biodiversity. The Mandate 

also highlighted the importance of  collaboration between relevant instruments and 

organizations.110  

In 1998, COP adopted a programme of  work on marine and coastal biological diversity 

to assist in the implementation of  the CBD and the Jakarta Mandate at the national, 

regional and global levels. 111  The programme focused on five priority themes: 

implementation of  integrated marine and coastal area management (IMCAM); sustainable 

use of  marine and coastal living resources; marine and coastal protected areas (MCPAs); 

mariculture; and invasive alien species. In addition, several basic principles and approaches 

were acknowledged, including the ecosystem approach, the precautionary approach, the 

importance of  science, and the related knowledge of  local and indigenous communities. 

The special circumstances of  small island developing States (SIDS) were also recognized. 

The COP to the CBD has also adopted a series of  decisions on the ecosystem 
approach, as well as on marine and coastal biological diversity, including development of  
a description of, and principles and guidance to, the ecosystem approach under the 

 
107  Joyner, C.C., “Biodiversity in Marine Environment: Resource Implications for the Law of  the Sea”, Vanderbilt Journal 

of  Transnational Law 28, 1995, pp. 635-687 at p. 650;  Rengifo, A., “Protection of  marine biodiversity: A new generation of  
fisheries agreements”, Review of  European Community and International Environmental Law 6(3), 1997, pp. 313-321, at p. 318; 
Australia’s Ocean Policy, Background Paper 2, is available from www.environment.gov.au/coasts/oceans-policy/policy-
publications.html. 

108  The FAO Compliance Agreement, 2221 UNTS 91. 
109  CBD COP Decision II/10, is available from www.biodiv.org/decisions/default.asp?lg=0&dec=II/10. 
110  Ibid., paras. 11-13.   
111  The CBD programme of  work on marine and coastal biodiversity was established in COP decision IV/5 and 

updated in decision VII/5. Other relevant COP decisions include II/11 (now retired), V/3, VIII/21 and VIII/22. 
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CBD.112  A recent review of  the ecosystem approach by the CBD COP highlighted that 
“one-size-fits-all” solutions for the ecosystem approach are neither feasible nor desirable 
and that learning from the experiences of  those currently applying an ecosystem 
approach, or “learning by doing”, is a priority for broader implementation.113 Towards 
this end, the CBD has been collecting case studies from around the world relating to 
ecosystem approaches.114 

United Nations Fish Stocks Agreement  

Agenda 21 called on States to convene an international conference to address problems 
relating to high seas management of  straddling fish stocks and highly migratory fish 
stocks.115 The result of  this process was the 1995 United Nations Fish Stocks Agreement,116 
which explicitly adopted an ecosystem approach to the conservation and management of  
marine living resources. 117  The Agreement applies to the conservation and management  
of  straddling fish stocks and highly migratory fish stocks beyond areas of  national 
jurisdiction. However, the measures provided in articles 6 and 7 also apply to the fish stocks 
concerned within areas under national jurisdiction. 118  Furthermore, coastal States are 
required to apply, mutatis mutandis, the general principles enumerated in article 5 in areas 
under national jurisdiction.119  

The underlying philosophy of  the conservation and management measures set forth in 
UNFSA is the unity and the health of  marine ecosystems.120  In this respect, the preamble 
of  UNFSA highlights that the States Parties are “conscious of  the need to avoid adverse 
impacts on the marine environment, preserve biodiversity, maintain the integrity of  marine 

 
112  See, for example, CBD COP Decisions V/3, V/6, VII/11, and VIII/22, at www.biodiv.org/convention/cops.shtml. 
113  See COP Decision IX/7, “Ecosystem approach”, at www.biodiv.org/convention/cops.shtml. 
114  See the Ecosystem Approach Sourcebook, at www.cbd.int/ecosystem/sourcebook . 
115  Paragraph 49 of  Chapter 17 of  Agenda 21.  
116  United Nations Agreement for the Implementation of  the Provisions of  the United Nations Convention on the 

Law of  the Sea of  10 December 1982 relating to the Conservation and Management of  Straddling Fish Stocks and Highly 
Migratory Fish Stocks, 2167 UNTS 3. 

117  See, particularly, the preamble and articles 5, 7, 8 of  UNFSA, supra note 116. For some discussion on this point, see, 
for example, F. Orrego Vicuña, supra note 74 and A. Tahindro, supra note 86. On the importance of  UNFSA in promoting 
the adoption of  an ecosystem approach to the conservation and management of  marine living resources see, for example, 
Juda, L., “The 1995 United Nations Agreement on Straddling Fish Stocks and Highly Migratory Fish Stocks: A Critique”, 
Ocean Development and International Law 28, 1997, pp. 147-166 at p. 160. For an in-depth analysis of  some shortcomings of  
UNFSA, see Burke, W.T., “Compatibility and Protection in the 1995 Straddling Stock Agreement”, H.N. Scheiber (ed.),  
Law of  the Sea: The Common Heritage and Emerging Challenges, The Hague, London, Boston, Martinus Nijhoff  Publishers, 2000, 
pp. 105-126. 

118  UNFSA, supra note 116, article 3 (1).     
119  Ibid., article 3 (2). 
120  F. Orrego Vicuña, supra note 74, p. 176. 



 Module I
 

 

34 

es.128   

 
                                                

ecosystems and minimize the risk of  long-term or irreversible effects of  fishing 
operations”.   

More specifically, UNFSA adopts a series of  objectives and principles relating to the 

protection of  marine ecosystems. These principles include, for example, ensuring the long-

term sustainability of  fish stocks and promoting the objective of  their optimum 

utilization;121  maintaining or restoring stocks at levels capable of  producing the maximum 

sustainable yield, taking into account fishing patterns and the interdependence of  stocks;122 

applying the precautionary approach; 123  assessing the impacts of  fishing, other human 

activities and environmental factors on target stocks, associated or dependent stocks, and 

species belonging to the same ecosystem;124 maintaining or restoring populations of  such 

species above levels at which their reproduction may become seriously threatened; 125  

minimizing pollution, waste, discards, catch by lost or abandoned gear, catch of  non-target 

species, and impacts on associated or dependent species, in particular endangered species;126 

protecting biodiversity in the marine environment; 127  and taking measures to prevent or 

eliminate overfishing and excess fishing capacity and to ensure that levels of  fishing effort 

do not exceed those commensurate with the sustainable use of  fishery resourc

These principles include those established in UNCLOS, as well as the principles 

developed since UNCLOS was adopted. As provided in UNFSA, wide application of  the 

precautionary approach to the conservation, management and sustainable use of  fish stocks 

plays an important role in the preservation and protection of  marine ecosystems.129 These 

principles also highlight the interconnectedness of  the precautionary and ecosystem 

approaches and the importance of  precaution in the successful implementation of  an 

ecosystem approach. 

 
121  UNFSA, supra note 116, article 5 (a).       
122  Ibid., article 5 (b). 
123  Ibid., article 5 (c).  The detailed provisions on the precautionary approach are contained in article 6 and Annex II of  

UNFSA. For more information on this point, see for example, FAO “Precautionary Approach to Fisheries”, FAO Fisheries 
Technical Paper 350, Rome, 1995. 

124  UNFSA, supra note 116, article 5 (d). 
125  Ibid., article 5 (e). 
126  Ibid., article 5 (f). 
127  Ibid., article 5 (g). 
128  Ibid., article 5 (h). 
129  Ibid., article 6 (1).    
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UNFSA also requires compatibility of  conservation and management measures in the 

high seas and in areas under national jurisdiction.130 The purpose of  these provisions is to 

ensure conservation and management of  transboundary fish stocks in their entirety. 131   

To this end, coastal States and States fishing on the high seas have a duty to cooperate in 

achieving compatible measures. In determining compatible conservation and management 

measures, certain ecological elements are to be taken into account, namely: the biological 

unity and other biological characteristics of  the stocks and the relationships between the 

distribution of  the stocks, the fisheries and the geographical particularities of  the region 

concerned, including the extent to which the stocks occur and are fished in areas under 

national jurisdiction;132 the respective dependence of  the coastal States and the States fishing 

on the high seas on the stocks concerned;133 and the harmful impact on the living marine 

resources as a whole.134 With respect to highly migratory fish stocks, UNFSA emphasizes 

that the States concerned shall cooperate with a view to ensuring conservation and 

management of  such stocks throughout the relevant region, both within and beyond areas 

under national jurisdiction.135  

FAO Code of Conduct for Responsible Fisheries  

The 1995 FAO Code of  Conduct for Responsible Fisheries is a global, non-legally-binding 
instrument, which sets out principles and international standards of  behaviour for 
responsible fishing practices with a view to ensuring the effective conservation, management 
and sustainable use of  living aquatic resources, with due respect for the ecosystem and 
biodiversity. 136  The thrust of  the Code is sustainable utilization of  fisheries resources in 
harmony with the environment, with wide adoption of  an ecosystem approach to various 
fisheries activities and the conservation of  the living aquatic resources and their environment.  

The Code is an important, comprehensive, international soft law instrument for the 

application of  an ecosystem approach to fisheries resources and the marine 

environment. 137  It sets out a series of  general principles that are directly related to, or 

 
130  Ibid., articles 7 and 16. 
131  Ibid., article 7(2). 
132  Ibid., article 7(2) (d). 
133  Ibid., article 7(2) (e). 
134  Ibid., article 7(2) (f). 
135  Ibid., article 7(1) (b). 
136  Although the Code is a non- binding instrument, some of  its contents are based on relevant rules of  international 

law, including those reflected in UNCLOS.  
137  For a discussion on the influence of  the Code on the application of  ecosystem approach to marine fisheries 

management, see, for example, L. Juda, supra note 91, pp. 116-118.  
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supportive of, an ecosystem approach. For example, the first principle of  the Code makes 

it clear that the right to fish carries with it the obligation to conserve aquatic ecosystems.138 

Other provisions broadly endorse ecosystem principles, such as: protection and 

rehabilitation of  fisheries habitats in marine and fresh water ecosystems;139 recognition of  

the transboundary nature of  many aquatic ecosystems; 140  international cooperation in 

conservation and protection of  living aquatic resources throughout their range of  

distribution, taking into account the need for compatible measures in areas within and 

beyond national jurisdiction; 141  further development and application of  selective and 

environmentally safe fishing gear and practices in order to maintain biodiversity and to 

conserve aquatic ecosystems;142 and the application of  the precautionary principle.143 The 

Code also provides that “management measures should not only ensure the conservation 

of  target species but also of  species belonging to the same ecosystem or associated with or 

dependent upon the target species”.144   

In addition, the Code provides guidelines for the application of  these principles in 

various fisheries-related activities, including fisheries management, 145  fishing operations, 146   

aquaculture development,147 and integration of  fisheries into coastal area management.148   

Johannesburg Plan of Implementation of the World Summit on Sustainable Development  

At the 2002 World Summit on Sustainable Development States committed, inter alia, to 

promote the sustainable development of  marine ecosystems. In this respect, the 

Johannesburg Plan of  Implementation, adopted at the WSSD, highlighted certain issues on 

which actions were most urgently needed, in particular: 

 
138  Code of  Conduct for Responsible Fishing, supra note 85, article 6(1). 
139  Ibid., article 6(8). 
140  Ibid., article 6(4). 
141  Ibid., article 6(12). 
142  Ibid., article 6(6). 
143  Ibid., article 6(5). 
144  Ibid., article 6(2). 
145  See, for example, article 7 of  the Code, supra note 85. 
146  See, for example, articles 8(5), 8(7), 8(8), etc. of  the Code, supra note 85. 
147  See, for example, article 9 of  the Code, supra note 85.    
148  See, for example, article 10 of  the Code, supra note 85. For a list of  specific provisions related to the conservation  

of  living aquatic ecosystems in the Code, see Garcia, S.M. and I. De Lerva Moreno, “Global Overview of  Marine Fisheries”, 
a paper presented at Reykjavik Conference on Responsible Fisheries in the Marine Ecosystem, Reykjavik, Iceland,  
1-4 October, 2001, pp. 17-18, at ftp://ftp.fao.org/fi/document/reykjavik/default.htm. 
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(a) Encouraging the application by 2010 of  the ecosystem approach; 

(b) Promoting integrated, multidisciplinary and multisectoral coastal and ocean 
management at the national level and encouraging and assisting coastal States in 
developing ocean policies and mechanisms on integrated coastal management; 

(c) Maintaining or restoring fish stocks to levels that can produce the maximum 
sustainable yield, with the aim of  achieving these goals for depleted stocks on an 
urgent basis and where possible not later than 2015; 

(d) Developing and implementing national, regional and international plans of  action  
to prevent, deter and eliminate illegal, unreported and unregulated fishing  
(IUU fishing);  

(e) Developing and facilitating the use of  diverse approaches and tools, including the 
ecosystem approach, the elimination of  destructive fishing practices, the 
establishment of  marine protected areas consistent with international law and based 
on scientific information, including representative networks by 2012 and time/area 
closures for the protection of  nursery grounds and periods, proper coastal land use 
and watershed planning and the integration of  marine and coastal areas 
management into key sectors; 

(f) Establishing a regular process under the United Nations for global reporting and 
assessment of  the state of  the marine environment, including socio-economic 
aspects, both current and foreseeable, building on existing regional assessments; 

(g) Promoting sustainable patterns of  production and consumption, applying inter alia 
the polluter-pays principle; 

(h) Supporting sustainable development of  aquaculture; 

(i) Maintaining the productivity and biodiversity of  important and vulnerable marine 
and coastal areas, including in areas within and beyond national jurisdiction; and 

(j) Developing national, regional and international programmes for halting the loss of  
marine biodiversity, including in coral reefs and wetlands.149  

The WSSD also highlighted the need to provide assistance to developing countries  
in coordinating policies and programmes at the regional and sub-regional levels aimed  
at the conservation and sustainable management of  fishery resources and implementation  
of  integrated coastal management plans, including through the development of  
infrastructure.150  

 
149  Plan of  Implementation of  the World Summit on Sustainable Development, supra note 2. 
150  Reports from the Third Global Conference on Oceans, Coasts, and Islands, supra note 33, at p. 1.    
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5.2  Other relevant instruments and programmes 

The previous section highlighted the major global instruments relating to ecosystem 
approaches and the conservation and management of  marine resources.  Global instruments 
on ecosystem approaches and the protection and preservation of  the marine environment 
include, the 1971 Ramsar Convention on Wetlands of  International Importance especially as 
Waterfowl Habitat;151 the 1972 Stockholm Declaration;152 the 1973 Washington Convention 
on International Trade in Endangered Species of  Wild Fauna and Flora (CITES);153 the 1979 
Bonn Convention on the Conservation of  Migratory Species of  Wild Animals (CMS);154 the 
1982 World Charter for Nature;155 the 1991 UNEP Guidelines on Shared Resources;156 and 
the 1995 Global Programme of  Action for the Protection of  the Marine Environment from 
Land-Based Activities.157   

Instruments and activities of  the IMO also contribute to ecosystem approaches in the 
context of  international shipping, including the International Convention for the Prevention 
of  Pollution from Ships, 1973, as modified by the Protocol of  1978 relating thereto 
(MARPOL 73/78); the International Convention on the Control of  Harmful Anti-fouling 
Systems on Ships; and the International Convention for the Control and Management of  
Ships Ballast Water and Sediments. IMO guidelines also provide for the identification and 
designation of  Particularly Sensitive Sea Areas (PSSAs), where additional protective 
measures can be applied to protect vulnerable ecosystems (also see Module IV).  

The International Seabed Authority (ISA) has developed regulations on prospecting and 
exploration for polymetallic nodules, which contain a series of  environmental rules, 
regulations and procedures to protect the marine environment from harmful effects that 
may arise from activities in the Area.158  At its sixteenth session, the ISA adopted regulations 
on prospecting and exploration for polymetallic sulphides in the Area, and discussions 
continue on the development of  regulations on prospecting and exploration for 
ferromanganese crusts. 

 
151

 Convention on Wetlands of  International Importance especially as Waterfowl Habitat, 996 UNTS 245. 
152  The 1972 Stockholm Declaration, International Legal Materials 11, 1972, p. 1416.  
153  CITES, 993 UNTS 243.  
154  The Bonn Convention on the Conservation of  Migratory Species of  Wild Animals, 1651 UNTS 333. 
155  The World Charter for Nature, A/RES/37/7, 1982. 
156  UNEP, “Shared Natural Resources”, Environmental Law Guidelines and Principles 2, 1991. 
157  See, The Global Programme of  Action for the Protection of  the Marine Environment from Land-Based Activities, 

at www.gpa.unep.org/documents/about-GPA-docs.htm.    
158

  Decision of  the Assembly relating to the regulations on prospecting and exploration for polymetallic nodules in the 
Area, document ISBA/6/A/18. 
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In the context of  fisheries management, a number of  international instruments endorse 
an ecosystem approach in addition to the United Nations Fish Stocks Agreement and the 
FAO Code of  Conduct for Responsible Fisheries, including: the 1992 Cancun Declaration 
on Responsible Fishing; 159  the 1995 Rome Consensus on Fisheries; 160  the 1995 Kyoto 
Declaration and Plan of  Action;161 the 1996 Rome Declaration on World Food Security and 
the World Food Summit Plan of  Action; 162  and the 2001 Reykjavik Declaration on 
Responsible Fisheries in the Marine Ecosystem. 163  FAO guidelines are also relevant to 
ecosystem approaches, including the 2003 Guidelines on an Ecosystem Approach to 
Fisheries,164 as well as the recently adopted “International Guidelines for the Management of  
Deep-sea Fisheries in the High Seas”, which aims at limiting the impacts of  deep-sea fishing 
activities on vulnerable marine ecosystems. 

United Nations General Assembly  

As discussed in sect. 1 above, the United Nations General Assembly adopts annual 
resolutions on oceans and the law of  the sea and on sustainable fisheries and, in this  
context, has recognized the importance of  maintaining and restoring ecosystem health,  
and applying an ecosystem approach to the management of  human activities that impact 
marine ecosystems.165 In 2005, the General Assembly requested the seventh meeting of  the 
United Nations Open-ended Informal Consultative Process on Oceans and the Law of  the Sea 
(ICP-7) to focus its discussions on the topic, “ecosystem approaches and oceans”. At its 
seventh meeting, the Consultative Process agreed that continued environmental degradation 
in many parts of  the world and increasing competing demands required an urgent response 
and the setting of  priorities for management interventions aimed at conserving ecosystem 
integrity. 166  The meeting further recognized that ecosystem approaches to oceans 
management should be focused on managing human activities in order to maintain and, 
where needed, restore ecosystem health to sustain goods and environmental services, 
provide social and economic benefits for food security, sustain livelihoods in support of  

 
159  See www.oceanlaw.net/texts/cancun.htm. 
160  See www.intfish.net/treaties/rome.htm. 
161  See www.oceanlaw.net/texts/kyoto2.htm.  
162  The Rome Declaration on World Food Security and the World Food Summit Plan of  Action, 1996. 
163  The Reykjavik Declaration on Responsible Fisheries in the Marine Ecosystem, 2001.  
164  FAO, “The Ecosystem Approach to Fisheries”, FAO Technical Guidelines for Responsible Fisheries 4, Suppl. 2, 2003.  

Also see, Turrell, W. R., “The Policy Basis of  the Ecosystem Approach to Fisheries Management”, EuroGOOS Publication 21, 
Norrköping, Sweden. 

165  See, for example, General Assembly resolution 61/222, para. 119, of  20 December 2006 and resolution 61/105, 
paras. 80, 83, 85-86, of  8 December 2006, at www.un.org/Depts/los/index.htm. 

166  Consultative Process, supra note 4, at para. 3. 
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international development goals, including those contained in the United Nations 
Millennium Declaration, and conserve marine biodiversity.167  

Significantly, the meeting reached agreement on the elements relating to ecosystem 
approaches and oceans, including the proposed elements of  an ecosystem approach, means 
to achieve implementation of  an ecosystem approach, and requirements for improved 
application of  an ecosystem approach (see sect. 6 below). The General Assembly 
subsequently welcomed the report on the work of  the seventh meeting and invited States to 
consider the agreed consensual elements.168   

With respect to fisheries, the General Assembly has urged States to apply widely, in 
accordance with international law, the precautionary approach and an ecosystem approach to 
the conservation, management and exploitation of  straddling fish stocks, highly migratory 
fish stocks and discrete high seas fish stocks. In addition, it has encouraged States to apply 
the precautionary approach and an ecosystem approach in adopting and implementing 
conservation and management measures addressing, inter alia, by-catch, pollution, 
overfishing, and protecting habitats of  specific concern.169 It has also adopted a number of  
relevant resolutions on large-scale pelagic driftnet fishing.170 

Regional instruments and programmes171  

At the regional level, a number of  instruments and programmes provide for the 
development and implementation of  ecosystem approaches, including the constitutive 
documents of  regional fisheries management organizations and arrangements (RFMO/As). 
Besides CCAMLR, a number of  regional fisheries bodies have adopted a specific ecosystem 
approach mandate, such as the International Council for the Exploitation of  the Sea (ICES), 
the North Pacific Marine Science Organization (PICES), South East Atlantic Fisheries 
Organisation (SEAFO), and the Western and Central Pacific Fisheries Commission 
(WCPFC). Other regional fisheries bodies have otherwise incorporated an ecosystem 
approach into their work.172 

 
167  Ibid., at para 4. 
168   General Assembly resolution 61/222 of  20 December 2006.    
169    See, for example, General Assembly resolutions 61/105, 8 December 2006; 62/177, 18 December 2007; and 

63/112, 5 December 2008, at www.un.org/Depts/los. 
170  United Nations General Assembly resolutions on Large-scale pelagic driftnet fishing is available from 

ww.un.org/Depts/los/index.htm  
171  For further information see report of  the Secretary-General A/61/63, paras. 164-184. 
172  The International Commission for the Conservation of  Atlantic Tuna (ICCAT), the North-West Atlantic Fisheries 

Organization (NAFO), the North-east Atlantic Fisheries Commission (NEAFC), the Commission for the Conservation of  
Southern Bluefin Tuna (CCSBT), the North Atlantic Salmon Conservation Organization (NASCO), the General Council for 
the Mediterranean (GFCM), the Inter-American Tropical Tuna Commission (IATTC), the International Pacific Halibut 
Commission (IPHC), the International Whaling Commission (IWC), and the North Pacific Anadromous Fish Commission 
(NPAFC). See UNEP, “Ecosystem-based Management of  Fisheries: Opportunities and Challenges for Coordination between 
Marine Regional Fisheries Bodies and Regional Seas Conventions”, Regional Seas Reports and Studies 175, Nairobi, 2001, at p. 9 
and pp. 18-22. More information on regional fisheries bodies, see www.fao.org/fi/body/rfb/index.htm. 
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Instruments emanating from the UNEP Regional Seas Programmes have also 
incorporated ecosystem approaches including, for example, the 1990 Protocol Concerning 
Specially Protected Areas and Wildlife to the Convention for the Protection and 
Development of  the Marine Environment of  the Wider Caribbean Region (the SPAW 
Protocol) and the 1986 Convention for the Protection of  the Natural Resources and 
Environment of  the South Pacific Region. Some regional bodies have incorporated an 
ecosystem approach into their work programmes, including the Baltic Marine Environment 
Protection Commission (HELCOM), the Commission for the Protection of  the Marine 
Environment of  the North-east Atlantic (OSPAR – see Box 8 below), 173  and the Arctic 
Council.  

 

Box 8:  The ecosystem approach in OSPAR 

Under the framework of the Convention for the Protection of the Marine Environment of 
the North-East Atlantic (OSPAR Convention), the OSPAR Commission has adopted a 
comprehensive, integrated, management system, which sets the standard in the 
development and implementation of an ecosystem approach to a wide regional area. The 
2003 Bremen Statement of the Ministerial Meeting of the OSPAR Commission indicated 
that the Ministers sought to develop and integrate approaches developed by OSPAR and 
identified five strands of action for the conservation and protection of marine biodiversity 
and ecosystems in the context of Annex V to the OSPAR Convention: 

1. Endorse the Texel/Faial Criteria for the Identification of Species and Habitats in Need 
of Protection and the initial OSPAR List of Threatened and/or Declining Species and 
Habitats based upon them, in order to pursue the goals of Annex V and the related 
Strategy for the Protection and Conservation of Marine Biodiversity and Ecosystems; 

2.  Identify a list of the human activities capable of causing adverse impacts on the marine 
environment and their countermeasures;  

3. Endorse a Network of Marine Protected Areas, which includes vulnerable cold-water 
coral reefs; 

4. Create an effective tool for integrating action across the whole field, including action 
against pollution, in accordance with the ecosystem approach; and 

5. Take measures to eliminate the problem of marine litter. 

On the basis of these five strands of action, a coherent and comprehensive programme of 
work is to be achieved to protect vulnerable species, habitats and areas. The ecosystems 
and biological diversity throughout the maritime area is to be protected and conserved as a 

 
                                                 

173  The First Joint Ministerial Meeting of  the Helsinki Commission and the OSPAR Commission in 2003 unveiled a 
common vision of  an ecosystem approach in a statement entitled, “Towards an Ecosystem Approach to the Management 
of  Human Activities”.  The statement defined an ecosystem approach, outlined its foundation of  science, economics, and 
politics; summed up the global principles for the conservation and sustainable use of  the world’s oceans and seas, which 
have been embraced in major international instruments; and illustrated the obligations and commitments of  the Member 
States of  the HELCOM and OSPAR Conventions to conserving and protecting marine ecosystems. In effect, the statement 
formulated policy, plans and measures for applying an ecosystem approach in the HELCOM and OSPAR frameworks.  
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whole. In addition, plans and measures are set out to deal with eutrophication, hazardous 
substances, offshore oil and gas, and radioactive substances, which have adverse impacts 
on ecosystems. 

OSPAR’s understanding of the ecological quality of the marine ecosystem is supported by a 
system of Ecological Quality Objectives (EcoQOs), which have been developed as tools to 
apply the ecosystem approach to the management of human activities that may affect the 
marine environment. EcoQOs define desired qualities of the marine environment, identify 
how measures for management of human impacts are working and, where there is a need, 
address gaps or seek improvements. EcoQOs thus specify the desired state of an ecological 
component or mechanism and can take the form of targets, limits or indicators. It may also 
be defined in relation to a pre-selected “reference level” and not in absolute terms.  

When these EcoQOs are met, the marine ecosystem is considered to be in a healthy 
condition. Conversely, when EcoQOs are not met, the responsible authorities should take 
steps to protect the marine environment from any relevant adverse effect caused by human 
activities. The EcoQOs cover different aspects of the ecosystem, including plankton, 
benthic organisms, fish, sea birds and marine mammals, and also habitats. Most objectives 
can be linked to specific human activities.  

EcoQOs are intended to provide a set of clear environmental indicators stating aspirations 
for a healthy North Sea as part of the ecosystem approach. Through monitoring, the trends 
in the quality and condition of the different components and ecological mechanisms of the 
marine ecosystem can be assessed. However, monitoring results alone do not support 
management, unless the desired state or objective for a component or mechanism has been 
specified. Monitoring in relation to EcoQOs should not only provide the desired results in a 
consistent and timely manner, but should also be cost-effective. 

A limited number of EcoQOs are now available for the North Sea, and EcoQOs for 
additional issues and other regions of the North-East Atlantic are under development. 

OSPAR Commission website www.ospar.org/. 

  
 

The programmes of  a number of  other regional organizations are also relevant to 
ecosystem approaches, such as the Asia-Pacific Economic Cooperation (APEC), and the 
Pacific Islands Regional Ocean Forum.174 In 2005, Ministers in APEC adopted the Bali Plan 
of  Action, which committed APEC Ministers to ecosystem-based management.175  

In many regions, instruments emanating from the LME projects serve as the framework 
for the application of  an ecosystem approach. The LME projects, for example the BCLME 

 
                                                 

174  The Pacific Islands Regional Ocean Policy (PIROP) was approved by Pacific Islands countries and territories in 2002. 
The goal of  the PIROP was to “ensure the future sustainable use of  our ocean and its resources by Pacific Islands 
communities and external partners”. Although not legally binding, the PIROP provided a framework for the formulation 
and implementation of  sustainable development and management of  the marine ecosystem at an oceanic scale, and 
provided the basis for articulating future national ocean policies and harmonizing national and regional actions for its 
implementation in the region. The Pacific Islands Regional Ocean Framework for Integrated Strategic Action (PIROF/ISA) 
was developed to implement the PIROP. 

175  Bali Plan of  Action, Part I (b), see www.apec.org. 
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Programme (see Module III), 176  represent an effort of  the international community to 
implement an ecosystem approach at the regional level at a global scale.177 

Summary of key ideas 

(a)  The origin of  the movement towards an ecosystem approach to natural 
resources dates back to the early 1900s, and the concept has been gradually 
incorporated into a series of  international legal instruments since the early 
1980s. Ecosystem approaches to ocean activities have now been well-
established in a series of  international legal and policy instruments and 
programmes. 

(b)  UNCLOS provides the legal framework for the implementation of  an 
ecosystem approach to all activities conducted in the oceans and seas. 
Although UNCLOS does not explicitly provide for an ecosystem approach, 
its objectives and relevant provisions are supportive of  such an approach. 

(c)  At the WSSD, States committed to promote the sustainable development of  
marine ecosystems and encouraged the application of  the ecosystem 
approach by 2010. 

(d)  The concept of  an ecosystem approach has been adopted at the regional level 
by many regional organizations, including regional fisheries bodies and 
regional seas programmes, and in the context of  the LME Projects. 

(e)  The concept of  LME management reflects a large scale and holistic approach 
to assessment and control of  marine natural resources. LMEs are highly 
complex because of  transboundary elements and the involvement of  various 
sectors and stakeholders. They normally cross several maritime zones, 
encompass many component ecosystems, and relate to other interconnected 
ecosystems. 

Questions for discussion 

(a)  Describe provisions in UNCLOS and UNFSA that provide for an ecosystem 
approach. What other instruments are relevant to the adoption of  an ecosystem 
approach. 

(b)  What deadlines were established by the WSSD that are relevant to the 
implementation of  an ecosystem approach? 

(c)  Describe political and legal challenges that may arise from the identification 
and establishment of  an LME? 

(d)  What legal and policy instruments have been adopted in your region(s) that 
are relevant to an ecosystem approach? 

 
176  See the BCLME Strategic Action Programme (SGA), the BCLME Transboundary Diagnostic Analysis (TDA), and Strategic 

Action Programme for the South China Sea, Draft Version 3, February 24, 1999. 
177  The UNEP Regional Seas Programme and GPA Coordination Office have coordinated the development of  a report on 

the ecological condition of  each of  the LMEs in the regional seas in order to promote a global understanding of  LMEs,  
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6.  Principles and guidance for developing and implementing an ecosystem 
approach 

As described above, there are a number of  different ecosystem approaches, but there are 
also common features among these approaches and the goals are generally consistent. 178   
In the same vein, there is also no single way to implement an ecosystem approach; no 
universal method exists for implementing an ecosystem approach and strategies may vary 
from one ecosystem to the next. 179  Various perspectives have thus been offered on the 
principles and guidance of  developing and implementing an ecosystem approach. 180 Once 
again, however, these perspectives are generally complementary, and certain common 
principles and guidance emerge.181  

 
Sherman, K. and G. Hempel (eds.), “The UNEP Large Marine Ecosystem Report: A Perspective on Changing Conditions 
in LMEs of  the World’s Regional Seas”, UNEP Regional Seas Report and Studies 182, 2009, see www.lme.noaa.gov. 

178  N. L. Christensen, et al., supra note 16, pp. 669-670. 
179  For example, there are different opinions on the key elements of  marine ecosystem-based management and 

ecosystem-based approaches (see the U.S. Commission on Ocean Policy and the Pew Oceans, K.L. McLeod, supra note 35; 
and the Workshop on Ecosystem Based Management of  Ocean Activities, Cairns, Australia, 2003, at www.environment.gov.au/ 
coasts/mbp/publications/general/pubs/cairns-ebm-report03.pdf. 

180  For further discussion on ecosystem principles, goals, and policies, see, for example, Gordon, J. and J. Coppock, 
“Ecosystem Management and Economic Development,” M. R. Chertow and D. C. Esty (eds.), Thinking Ecologically: The Next 
Generation of  Environmental Policy, New Haven and London, Yale University Press, 1997, pp. 37-48 at p. 39;  Jensen, M. E. and 
R. Everett, “An Overview of  Ecosystem Management Principles,” M.E. Jensen and P.S. Bourgeron (eds.), Ecosystem 
Management: Principles and Applications, General Technical Report PNW-GTR-318, U.S. Department of  Agriculture, Forest 
Service, Pacific Northwest Research Station, 1994, pp. 6-15; UNEP “Ecosystem-based Management of  Fisheries”,  
supra note 172;  The U.S. Congress, Ecosystem Management: Joint Oversight Hearing before the Subcommittee on 
Oversight and Investigations Committee on Natural Resources and the Subcommittee on Specialty Crops and Natural 
Resources Committee on Agriculture and the Subcommittee on Environment and Natural Resources, Committee on 
Merchant Marine and Fisheries, House of  Representatives, One Hundred Third Congress, Second Session on Ecosystem 
Management and a Report by the General Accounting Office, “Ecosystem Management – Additional Actions Needed to 
Adequately Test a Promising Approach”, Hearing held in Washington D.C., September 20, 1994, Washington: U.S. 
Government Printing Office, 1995;  Kimball, L., “International Ocean Governance: Using International Law and 
Organizations to Manage Marine Resources Sustainably”, Gland, Switzerland and Cambridge, IUCN, 2001, at p. 46;  
Charles, A.T., Sustainable Fishery Systems, Oxford, UK, Blackwell Science, 2001, at pp. 225-233;  Brunnee, J. and S.J. Toope, 
“Environmental Security and Freshwater Resources: A Case for International Ecosystem Law”, Yearbook of  International 
Environmental Law 5, New York, Oxford University Press, 1994, pp. 41-76;  Brunnee, J. and S.J. Toope, “Environmental 
Security and Freshwater Resources: Ecosystem Regime Building”, American Journal of  International Law 91, 1997, pp. 26-59;  
U.S. National Marine Fisheries Service, Ecosystem-based Fisheries Management: A Report to Congress by the Ecosystem 
Principles Advisory Panel, 1999, at www.st.nmfs.gov/st2/Eco-bas-fis-man.pdf; O’Boyle, R., (ed.), “Proceedings of  a 
Workshop on the Ecosystem Considerations for the Eastern Scotian Shelf  Integrated Management (ESSIM) Area”, 2000, 
at www.mar.dfo-mpo.gc.ca/science/rap/internet/pro2000-14.pdf; and Jamieson, G. and R. O’Boyle, (eds.), Proceedings of  the 
National Workshop on Objectives and Indicators for Ecosystem-based Management, 2001, at www.dfo-mpo.gc.ca/csas/Csas/ 
Proceedings/2001/PRO2001_09e.pdf. 

181  Arico, S., Implementing the ecosystem approach in oceans areas, with a particular view to open oceans and deep sea environments, 
UNESCO, Division of  Ecological and Earth Sciences, at the seventh meeting of  the United Nations Open-ended Informal 
Consultative Process on Oceans and the Law of  the Sea, 2006. 



 Introduction to an ecosystem approach 
 

 

45

 
                                                

At the inter-governmental level, the COP of  the CBD developed the following 12 
principles and detailed operational guidance for the implementation of  the CBD ecosystem 
approach:182  

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 usually a need to understand 
and manage the ecosystem in an economic context. Any such ecosystem-
management programme should: (a) reduce those market distortions that adversely 
affect biological diversity; (b) align incentives to promote biodiversity conservation 
and sustainable use; and (c) internalize costs and benefits in the given ecosystem to 
the extent feasible;  

5) Conservation of  ecosystem structure and functioning, in order to maintain 
ecosystem services, should be a priority target of  the ecosystem approach; 

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

7) The ecosystem approach should be undertaken at the appropriate spatial and 
temporal 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, and 
integration of, 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; 
and 

12) The ecosystem approach should involve all relevant sectors of  society and scientific 
disciplines.183  

IUCN further organized these 12 principles into five steps, each of  which involves a 
range of  actions to the implementation of  the ecosystem approach: 

 
182  Secretariat of  the Convention on Biological Diversity, supra note 14, at pp. 37-41; CBD COP Decision V/6,  

supra note 99 and CBD COP Decision VII/11, supra note 14. 
183  CBD COP Decision V/6, supra note 99. At its ninth meeting, the CBD COP invited its Parties to develop 

guidelines for the application of  the ecosystem approach for specific biogeographical regions and circumstances, where 
applicable, and building upon existing efforts, COP Decision IX/7, supra note 113. 
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Step 1: Determining the main stakeholders, defining the ecosystem area, and 
developing the relationship between them; 

Step 2:  Characterizing the structure and function of  the ecosystem, and setting in place 
mechanisms to manage and monitor it; 

Step 3:  Identifying the important economic issues that will affect the ecosystem and its 
inhabitants; 

Step 4:  Determining the likely impact of  the ecosystem on adjacent ecosystems; and 

Step 5:  Deciding on long-term goals, and flexible ways of  reaching them.184  

The application of  the CBD principles and guidance is illustrated by the ecosystem 
approach adopted in respect of  the Marine Reserve of  Galapagos (see Box 9). 

 

Box 9: The marine reserve of Galapagos in Ecuador 

The Galapagos archipelago lies approximately 620 miles (1,000 kilometres) off the coast of 
Ecuador in the Pacific Ocean. It is comprised of 19 islands, 42 islets, and more than 100 cays, and 
encompasses more than 3,000 square terrestrial miles and over 52,000 square miles of marine 
areas, making it one of the five largest marine reserves in the world. It is the place where Charles 
Darwin found the answer to the incognito of the evolution of the species. It is the paradise for 
thousands of giant turtles, iguanas, wolves and sea lions, endemic and migratory birds. The 
Galapagos islands were transformed into a National Park and Marine Reserve in 1959 and 
declared by the United Nations as World Patrimony of Humanity and Biosphere Reserve. 

During the 1990s, the Marine Reserve of Galapagos confronted strong discrepancies between the 
interests of the different users in the area. The major conflict stemmed from the exploitation of 
marine resources (e.g., sea cucumbers), which resulted in direct confrontation between the local 
artisan fishermen and other users of the Marine Reserve. In recent years, various problems have 
caused more conflicts in the Galapagos: the Marine Reserve unit was not a management unit 
recognized by the Ecuadorian National Protected Areas System; legal aspects of the Reserve were 
weak in terms of conservation; the institutional capacity for the control of the Reserve was 
insufficient; and the approved Management Plan for the Reserve was rigid and non-adaptive and 
neither implemented nor known by local fishermen. 

In order to tackle these complicated issues, a new participatory process involving all stakeholders 
was designed and orientated towards the conservation and protection of coastal and marine 
ecosystems and biodiversity of the Reserve. A Core Group was established by local stakeholders, 
including the fishing community, the National Army, conservation and tourism sectors and the 

 
                                                 

184  See, Shepherd, G., The Ecosystem Approach: Five Steps to Implementation, IUCN, Gland, Switzerland and Cambridge, UK, 
2004, at www.iucn.org/dbtw-wpd/edocs/CEM-003.pdf; IUCN’s Commission on Ecosystem Management launched the 
Ecosystem Management Programme in 2002. It has identified five themes as programmatic priority for 2005 – 2008: 
promoting and facilitating implementation of  the ecosystem approach; establishing a capacity to promote ecosystem 
restoration; development and application of indicators of  ecosystem status; development and communication of  ecosystem 
management tools and ecosystem services, more information at  www.iucn.org. 

http://www.iucn.org/themes/CEM/ourwork/ecapproach/index.html
http://www.iucn.org/themes/CEM/ourwork/ecrestoration/index.html
http://www.iucn.org/themes/CEM/ourwork/ecrestoration/index.html
http://www.iucn.org/themes/CEM/ourwork/ecindicators/index.html
http://www.iucn.org/themes/CEM/ourwork/mantools/index.html
http://www.iucn.org/themes/CEM/ourwork/mantools/index.html
http://www.iucn.org/themes/CEM/ourwork/ecservices/index.html
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Galapagos National Park representatives. Its main task was to elaborate a new management plan 
that was supported by the Special Regime Law for the Conservation and Sustainable Use of 
Galapagos’ Province. This law established the Reserve as part of the National Patrimony of 
Protected Areas and the Galapagos National Parks Directorate as the administrative body of the 
Marine Reserve. In addition, the area of the Marine Reserve was extended from 15 to 40 nautical 
miles (total area, 133,000 square kilometres) and industrial fishing activities were forbidden 
within the Marine Reserve limits. In 1999, the new Management Plan of the Reserve was 
approved. 

Key aspects of the ecosystem approach adopted for the Reserve: 

1. Conservation, equitable sharing of benefits and sustainable use of resources were 
simultaneously addressed; 

2.  The Reserve carried out research on ecosystem functioning, including the study of the 
human environment relationships that occurred in the archipelago; 

3.  Goods and services were identified (scientific research, fishing and tourism activities), 
as were the beneficiaries of these goods and services (all active persons directly or 
indirectly related to tourism, fishery and research-conservation activities carried out 
within the Reserve); 

4.  Planning and management employed an adaptive strategy, which was supported by the 
Special Regime Law; 

5.  Through the learning-by-doing process an appropriate scale of management was 
employed according to the nature of the problem and the actors involved; 

6.  Linkages between the different sectoral groups as well as the need for and constraints 
on such linkages were identified and illustrated; 

7.  All CBD principles were applied (principle 9 was not explicitly identified in the case 
study, but it was indirectly referred to in the Special Regime Law, which recognized 
that changes occur in systems and these should be considered in decision making; the 
CBD Operational guidelines were not explicitly tackled, however, they were indirectly 
considered); 

8.  The thematic areas were marine and coastal biodiversity; and 

9.  The cross-cutting issues were benefit-sharing and local knowledge. 

Major lessons learned: 

1.  Problems associated with socio-economic pressures, conservation measures and 
unsustainable use of natural resources must be resolved through a management 
process involving all local stakeholders; 

2.  The economic appraisal of conservation and the sustainable use of resources generates 
interests from the political and economic sectors; and 

3.  A high level of communication and political support was needed for the development of 
the overall management system. 

Ecuador Nature National Park and Marine Reserve of Galapagos, at www.enjoyecuador.net/ 
english/actividades/naturaleza/galapagos_in.shtml; Smith, R. D. and E. Maltby, “Using the 
Ecosystem Approach to implement the CBD: A global synthesis report drawing lessons from three 
regional pathfinder workshops”, The Marine Reserve of Galapagos, Case Study 14, Ecuador,  
at p.46, at www.cbd.int/doc/case-studies/esys/cs-esys-cbd-en.pdf. 
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Principles for an ecosystem approach to fisheries have also been developed by FAO as 

follows:  

(a)  Fisheries should be managed to limit their impact on the ecosystem to an acceptable 

level; 

(b)  Ecological relationships between species should be maintained; 

(c)  Management measures should be compatible across the entire distribution of  the 

resource; 

(d)  Precaution in decision-making and action is needed because knowledge on 

ecosystems is incomplete; and 

(e)  Governance should ensure both human and ecosystem well-being and equity.185 

The various perspectives on the principles and guidelines for developing and 

implementing an ecosystem approach are generally complementary, as noted above. In this 

regard, an analysis of  the principles and guidance related to the ecosystem approach of  the 

CBD, the ecosystem approach to fisheries of  the FAO, and integrated marine and coastal 

area management demonstrates that there is general consistency between these three 

approaches (see Box 10 below). 

 

Box 10:  Principles and guidance for implementing an ecosystem approach 

The ecosystem approach of the CBD, the ecosystem approach to fisheries of the FAO, and 
integrated marine and coastal area management are implemented in accordance with a 
definition, a set of principles, guidance and/or guidelines. However, an analysis of these 
principles and guidance demonstrates that there is good consistency between these three 
ecosystem approaches. In essence, the principles and guidance are as follows: 

1. Ecological relationships between harvested and associated species should be 

maintained, management measures should be compatible with the entire distribution 

of the resource (across jurisdictional and other boundaries), and management 

boundaries should be adaptive; 

2. Multiple-use management is appropriate for most resource systems; 

 
                                                 

185
  FAO, supra note 29, at pp. 5-6. 
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3. Multiple sector involvement is essential to sustainable use of resources (special forms 

of economic and social benefit evaluation should be used, the impact of sectoral 

activities on ecosystems should be assessed, and increased intersectoral 

communication and cooperation should be ensured); 

4. A major emphasis of resource management should be to conserve common property 

resources, thus measures should encompass the effects of practices by all relevant 

stakeholders; 

5. All levels of governance must be involved in management and planning, with 

decentralization at the lowest possible level; 

6. The diversity of social and cultural factors affecting natural resource use should be 

recognized (benefit-sharing should be provided and traditional resource management 

taken into due account); and 

7. The precautionary approach should be applied because knowledge of ecological and 

social systems is incomplete. 

“Implementing the ecosystem approach in oceans areas, with a particular view to open oceans and deep 
sea environments”, presentation of Mr. Salvatore Arico, Division of Ecological and Earth Sciences, 
UNESCO, at the seventh meeting of the United Nations Open-ended Informal Consultative Process 
on Oceans and the Law of the Sea in 2006. 

 

As outlined above, the topic of  ecosystem approaches and oceans was also considered at 

the seventh meeting of  the United Nations Open-ended Informal Consultative Process on 

Oceans and the Law of  the Sea in 2006,186 and the General Assembly subsequently invited 

States to consider the agreed consensual elements of  the Consultative Process relating to 

ecosystem approaches and oceans. With regard to principles and guidance for developing 

and implementing an ecosystem approach, the Consultative Process agreed that an ecosystem 

approach should, inter alia: 

(a) Emphasize conservation of  ecosystem structures and their functioning and key 

processes in order to maintain ecosystem goods and services; 

(b)  Be applied within geographically specific areas based on ecological criteria; 

(c)  Emphasize the interactions between human activities and the ecosystem and among 

the components of  the ecosystem and among ecosystems; 

 
                                                 

186
  Consultative Process, supra note 4. 
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(d) Take into account factors originating outside the boundaries of  the defined 

management area that may influence marine ecosystems in the management area; 

(e)  Strive to balance diverse societal objectives; 

(f)  Be inclusive, with stakeholder and local communities’ participation in planning, 

implementation and management; 

(g) Be based on best available knowledge, including traditional, indigenous and 

scientific information and be adaptable to new knowledge and experience; 

(h) Assess risks and apply the precautionary approach; 

(i) Use integrated decision-making processes and management related to multiple 

activities and sectors; 

(j) Seek to restore degraded marine ecosystems where possible; 

(k) Assess the cumulative impacts of  multiple human activities on marine ecosystems; 

(l)  Take into account ecological, social, cultural, economic, legal and technical 

perspectives; 

(m) Seek the appropriate balance between, and integration of, conservation and 

sustainable use of  marine biological diversity; and 

(n)  Seek to minimize the adverse impacts of  human activities on marine ecosystems and 

biodiversity, in particular, rare and fragile marine ecosystems.187  

The meeting further agreed that implementation of  an ecosystem approach could be 

achieved through, inter alia, inclusion in the development of  national policies and plans, 

encouraging and supporting marine scientific research, identifying and engaging stakeholders 

to promote cooperation, effective integrated management across sectors and on a variety of  

levels, and conducting assessments in relation to marine activities likely to have a significant 

impact on the environment.188 

 

 
187  Ibid., at para. 6. 

188
  Ibid., at para. 7.    
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Summary of key ideas 

(a) Various perspectives have been offered on the principles and guidance of  

developing and implementing an ecosystem approach.  Although there is no 

single way to implement an ecosystem approach, the principles behind the 

various approaches are generally complementary and certain common 

principles and guidance emerge. 

(b)  The major objectives of  an ecosystem approach are to conserve ecosystem 

structures and their functioning and key processes, minimize adverse impacts 

of  human activities on marine ecosystems and biodiversity, in particular, rare 

and fragile marine ecosystems, and restore degraded marine ecosystems where 

possible.  

(c)  An ecosystem approach strives to balance diverse societal objectives, and 

seeks the appropriate balance between, and integration of, conservation and 

sustainable use of  marine biological diversity. 

Questions for discussion 

(a)  Describe the principles and guidance that are essential to an ecosystem 

approach. 

(b)  Which organizations are active in developing principles and guidance of  an 

ecosystem approach? 

(c)  Describe principles and guidance that have been adopted in your region(s) 

that are relevant to an ecosystem approach. 
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Annex I 

International governance framework for an ecosystem approach 

The work relating to ecosystem approaches at the international level principally involves on-going 

adoption and implementation of  decisions and programmes by relevant governing bodies that meet 

on a periodic basis, in light of  new information, understanding, and needs. Developments in these 

individual bodies need to be closely monitored to appreciate policy evolution, however, collectively; 

these bodies have contributed significantly to the development of  new approaches to ocean 

management, including ecosystem approaches.  

Decisions and programmes adopted by these bodies are increasingly based on the best scientific 

information available.  Thus, scientific advisory bodies, such as the International Council for the 

Exploration of  the Sea (ICES), also form an important part of  the international institutional 

framework described below. International partnerships for scientific research, such as the Census of  

Marine Life, also provide important scientific information that can be used as the basis for policy 

decisions.  

In addition to the bodies described below, a number of  other organizations outside the  

United Nations system play an important role in the development of  international ocean policies 

and the implementation of  an ecosystem approach - for example, the International Union for the 

Conservation of  Nature (IUCN) and several non-governmental organizations. 

Global institutional framework 

An array of  global organizations currently deal with oceans governance issues, including the  

United Nations General Assembly, FAO, IMO, UNEP, UNESCO/Intergovernmental Oceanographic 

Commission (IOC), as well as the bodies created by UNCLOS, as described below. These 

organizations address various issues, including the conservation and management of  marine living 

resources, mining activities beyond national jurisdiction, the protection and preservation of  the 

marine environment, maritime safety and marine science. 

United Nations General Assembly - performs an annual review and evaluation of  the 

implementation of  the United Nations Convention on the Law of  the Sea (UNCLOS) and other 

developments relating to ocean affairs and the law of  the sea, including ecosystem approaches, in  

its annual resolutions on oceans and the law of  the sea and on sustainable fisheries. In 1999, the 

General Assembly established the Consultative Process in order to facilitate its annual review, by 

considering the report of  the Secretary-General on oceans and the law of  the sea and by suggesting 

particular issues to be considered by it, with an emphasis on identifying areas where coordination and 

cooperation at the intergovernmental and inter-agency levels should be enhanced. In 2004, the 

General Assembly also established an Ad Hoc Open-ended Informal Working Group to study issues 

relating to the conservation and sustainable use of  marine biological diversity beyond areas of  

national jurisdiction. Informal Consultations of  States Parties to the United Nations Fish Stocks 
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Agreement have been held annually since 2002 to consider, among other things, the implementation 

of  the Agreement and preparations for the Review Conference convened pursuant to article 36 of  

the Agreement. 

International Seabed Authority (ISA) – established pursuant to UNCLOS to organize and 
control activities relating to mineral resources in the seabed and ocean floor and subsoil thereof, 
beyond the limits of  national jurisdiction (the Area). All States Parties to UNCLOS are ipso facto 
members of  the ISA. 

International Tribunal for the Law of  the Sea (ITLOS) – an independent judicial body 
established by UNCLOS as one of  the mechanisms available to States to adjudicate disputes arising 
out of  the interpretation and application of  the Convention. Pursuant to the provisions of  its Statute, 
the Tribunal has formed a number of  chambers, including the Chamber for Marine Environment 
Disputes. 

Commission on the Limits of  the Continental Shelf  (CLCS) – created to facilitate the 
implementation of  UNCLOS in respect of  the establishment of  the outer limits of  the continental 
shelf  beyond 200 nautical miles from the baselines from which the breadth of  the territorial sea is 
measured. The Commission makes recommendations to coastal States on matters related to the 
establishment of  those limits. 

Meeting of  States Parties – convened pursuant to article 319 of  UNCLOS, has dealt primarily 
with elections of  the members of  ITLOS and of  the CLCS, as well as with budgetary and 
administrative matters. As of  2009, there have been 19 Meetings of  the States Parties to the 
Convention, as well as three special Meetings held on 2 September 2003, 30 January 2008, and  
6 March 2009. 

Division for Ocean Affairs and the Law of  the Sea of  the Office of  Legal Affairs –  
performs the duties of  the Secretary-General under UNCLOS, acts as Secretariat of  UNCLOS and 
UNFSA, including the Review Conference on UNFSA, assists the General Assembly in its annual 
review and evaluation of  the implementation of  UNCLOS and other developments relating to ocean 
affairs and the law of  the sea, and substantively services the meetings of  the bodies established by 
the General Assembly, as well as the Meeting of  States Parties and the Commission on the Limits of  
the Continental Shelf. 

Food and Agriculture Organization of  the United Nations (FAO) – the FAO Committee 
on Fisheries (COFI) reviews the FAO programmes of  work in the field of  fisheries and aquaculture 
and their implementation, conducts periodic general reviews of  fishery and aquaculture problems of   
an international character, and appraises such problems and their possible solutions with a view  
to concerted action by States, FAO, inter-governmental bodies and civil society. COFI also  
reviews specific matters relating to fisheries and aquaculture referred to it by the Council or the 
Director-General of  FAO, or placed by COFI on its agenda at the request of  Members, or the 
United Nations General Assembly. 

http://www.itlos.org/documents_publications/documents/statute_en.pdf
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International Maritime Organization – encourages and facilitates the general adoption of  the 

highest practicable standards in matters concerning maritime safety, efficiency of  navigation and 

prevention and control of  marine pollution from ships. In addition to safety, a considerable part of  its 

work relates to the prevention and control of  pollution from ships and a number of  instruments have 

been adopted in the IMO context to that effect. 

United Nations Environment Programme – addresses ocean issues through a number of  its 

bodies, including the Global Programme of  Action for the Protection of  the Marine Environment 

from Land-Based Activities (GPA) Coordination Office, which assists in the implementation of  the 

duty of  States to preserve and protect the marine environment from land-based activities by assisting 

States in taking action at the national, regional or global level through a number of  capacity building 

and technical programmes. UNEP also administers the secretariats of  various biodiversity-related 

conventions (e.g., CBD and CMS), which have adopted a number of  decisions of  relevance to 

marine ecosystems. 

Intergovernmental Oceanographic Commission of  UNESCO – active in the areas of  

marine scientific research and transfer of  marine technology, has focused on promoting marine 

scientific investigations and related ocean services, with a view to learning more about the nature and 

resources of  the oceans. 

Regional institutional framework 

Regional environmental bodies – address issues ranging from chemical wastes and coastal 

development to the conservation of  marine living resources and ecosystems. The UNEP Regional 

Seas Programme aims to address the accelerating degradation of  the world’s oceans and coastal areas 

through the sustainable management and use of  the marine and coastal environment, by engaging 

neighbouring countries in comprehensive and specific actions to protect their shared marine 

environment. Thirteen regional seas programmes have been established under the auspices of  UNEP, 

six of  which are also directly administered by UNEP. Five partner programmes, established for the 

Antarctic, Arctic, Baltic Sea, Caspian Sea and North-East Atlantic Regions, are also members of  the 

regional seas family. The programmes generally focus on management of  marine ecosystems, and are 

thus important for implementing an ecosystem approach regionally. Some of  the relevant organizations 

have explicitly committed themselves to the implementation of  an ecosystem approach, including 

CCAMLR, the Baltic Marine Environment Protection Commission (HELCOM), and the Commission 

for the Protection of  the Marine Environment of  the North-east Atlantic (OSPAR). UNEP has also 

promoted the use of  LMEs, located within regional seas areas, as operational units for translating the 

Regional Seas Programme into concrete actions. 

Regional fisheries management organizations and arrangements – recognized as the 

primary mechanism for international cooperation at the regional level in conserving and managing 

fishery resources in accordance with their respective mandates. Many RFMO/As have incorporated 
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provisions of  UNFSA in their constitutive agreements, or have adopted measures in practice to 

implement the Agreement. Not all areas of  the oceans are covered by RFMO/As and most of  these 

organizations do not manage all fish species located in their areas of  competence. 

Other regional mechanisms 

Large marine ecosystems (LMEs) – relatively large regions characterized by distinct bathymetry, 

hydrography, productivity, and populations depending on the same food chain. LME’s provide an 

interdisciplinary framework for utilizing ecologically defined large ecosystems on the basis of  a 

common strategy for assessing, recovering, managing, and sustaining marine resources and their 

environments. There are currently sixteen LME projects underway involving more than 126 countries 

(Africa, Asia, Eastern Europe, and South America). Each project involves at least two littoral States 

that share the same regional sea. The projects are financially and technically supported primarily by 

the Global Environment Facility, the World Bank, UNDP, UNEP, FAO, the United Nations 

Industrial Development Organization (UNIDO), the IOC of  UNESCO, and IUCN. These LMEs are 

used as assessment and management units for the marine environment and its resources, and scientific, 

technical and financial assistance is provided to the developing countries concerned, with the goal of  

improving the long-term sustainability of  the global marine environment and its resources. The large 

marine ecosystems in these projects are used as assessment and management units for the marine 

environment and resources, and scientific, technical and financial assistance is provided to the 

developing countries concerned, with the goal of  improving the long-term sustainability of  the 

global marine environment and resources.189   

 

 
189  “An Introduction to LMEs: An Ecosystem Strategy for the Assessment and Management of  International Coastal 

Ocean Waters,” is available from www.edc.uri.edu/lme/intro.htm. For more detailed information on the LME projects, see 
Intergovernmental Oceanographic Commission Reports of  meetings of  experts and equivalent bodies: IOC-IUCN-NOAA 
Ad Hoc consultative meeting on LMEs, First Session, Paris, France, 23-24 January 1997; Intergovernmental Oceanographic 
Commission Reports of  meetings of  experts and equivalent bodies: IOC-IUCN-NOAA consultative meeting on LMEs, 
Second Session, Paris, France, 15-16 March, 1998; Intergovernmental Oceanographic Commission, Reports of  meetings of  
experts and equivalent bodies: IOC-IUCN-NOAA consultative meeting on LMEs, Third Session, Paris, France, 13-14 June, 
2000, is available from http://ioc.unesco.org/iocweb/iocpub/iocdoc/ggelme03.doc; LME Approach to the Global 
International Water Assessment (GIWA), Technical Workshop for Establishing A Regular Process for  
the Global Assessment of  the Marine Environment, UNEP Governing Council Decision 21/13, Bremen, Germany,  
March 2002, pp. 18-20, is available from www.unep.org/dewa/assessments/EcoSystems/water/MarineAssessment/ 
reports/germany_report/LME-GIWA.doc; and GEF Pipeline List at www.gefonline.org/pipelinelist.cfm.  
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Module II:  The science of ecosystem approaches 

 

Module plan 

1. Introduction 

2. Science definitions of ecosystems 

2.1 Diversity of definitions 

2.2 The relevance of differences in definitions to management and policy 

3. Biological ecosystem composition 

3.1 Primary producers 

3.2  Grazers or “secondary consumers” 

3.3 Marine fish and invertebrates 

3.4 Seabirds, marine mammals and sea turtles 

3.5 Biological diversity 

4. Ecosystem processes and interactions 

4.1 Nutrient and energetic approaches 

4.2 Individual and population-based approaches 

5. Critical functions 

6. Ecosystem health 

7. Ecosystem integrity 

Objectives 

By the end of this Module, participants will be able to understand: 

  The scientific definitions of ecosystems on various scales, including ecosystem 
composition and diversity 

  The complex processes and interactions within and between ecosystems, 
including critical functions of ecosystems 
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1. Introduction 

The concept of  an “ecosystem” can be difficult to apply in practice.  On the one hand, it is 

important to understand as much as possible about an ecosystem before decisions are made; 

on the other hand, managers and policy-makers need to be guided on where to focus their 

efforts and not simply be told that every single component or process of  an ecosystem 

could affect the success of  their programme.  For an ecosystem approach to be useful, it is 

necessary to find a middle ground and to help managers and policy makers allocate resources 

and focus deliberations on their priorities.  

This Module will review the scientific definitions of  ecosystems on various scales 

(vertical and horizontal), including ecosystem composition and diversity, and the complex 

processes and interactions within and between ecosystems, including critical functions of  

ecosystems.  It will also develop the scientific considerations that are important for managers 

and policy makers within an ecosystem approach.  Module IV will consider ecosystem 

objectives, monitoring and the role of  marine scientific research in the development and 

implementation of  ecosystem approaches.  

It is important to understand that these modules will not provide a simple recipe for the 

right ecosystem foundations for all policy and management choices, since no such recipe 

exists.  However, it will prepare policy makers and managers to ask the right questions of  

those providing such information about an ecosystem, so that important considerations can 

be identified early in the process of  developing an ecosystem approach to a given area.    

2. Science definitions of ecosystems  

2.1 Diversity of definitions 

As discussed in Module I, there is no single universally accepted definition of  an “ecosystem 

approach” to ocean-related activities. Likewise, there is no single universally accepted 

definition of  what constitutes an “ecosystem” (see Box 11 below).  However, in all cases 

these definitions highlight the need for consideration to be given to ocean physics, chemistry, 

and biology in the development and implementation of  an ecosystem approach.  
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Box 11:  Examples of definitions of an “Ecosystem” 

“An ecosystem can be of any size so long as organisms, physical environment, and 
interactions can exist within it... [It can] be as small as a patch of soil supporting plants 
and microbes; or as large as the entire biosphere of the Earth.” 

Pickett, S.T.A. and M. L. Cadenasso, “The Ecosystem as a Multidimensional Concept: Meaning, 
Model, and Metaphor”, Ecosystems 5, 2002, pp. 1-10. 

FAO: “A spatio-temporal system of the biosphere, including its living components 
(plants, animals, micro-organisms) and the non-living components of their 
environment, with their relationships, as determined by past and present environmental 
forcing functions and interactions amongst biota”. 

See www.fao.org/glossary/. 

CBD: a “dynamic complex of plant, animal and micro-organism communities and their 
non-living environment interacting as a functional unit”. 

See www.cbd.int/doc/legal/cbd-un-en.pdf. 

US - NOAA: “a geographically specified system of organisms (including humans), their 
environment, and the processes that control their dynamics”. 

See http://ecosystems.noaa.gov/docs/EGT_Oceans_2005_Paper_070105.docb. 

Canada: Center for Marine Biodiversity: “An ecosystem consists of all living and non-
living things in an area. Ecosystems include a unique combination of animals, plants, 
microorganism and physical characteristics that define the location”. 

See www.marinebiodiversity.ca/en/what.html. 

“The sum total of biological populations and abiotic factors present in a region and their 
relationships to each other. No ecosystem is a closed system; hence the precise meaning 
of the term varies according to the scale of the region to which it is applied.”   

Cooke, J.G., “Glossary of technical terms”, R.M. May (ed.) Exploitation of Marine Communities, 
Springer-Verlag, 1984. 

“A spatio-temporal component of the biosphere, determined by past and present 
environmental forcing functions and interactions amongst biota”. 

McGlade, J.M., “Ecosystem analysis and the governance of natural resources”, J. M. McGlade 
(ed.), Advances in Theoretical Ecology, Blackwell Scientific Publications, 1999, pp. 308-336. 

 
 

In considering management in an ecosystem context, it is thus important to understand 
the ocean physics, chemistry and biology of  an ecosystem. The relationship within and 
between the physical, chemical and biological components of  an ecosystem are illustrated 
below (see Figure 1), and will be discussed in sect. 3. 
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Ocean physics 

Ocean physics has components that only change on very long time scales, such as the 
physical structure of  the seafloor and coastlines. However, ecosystem characteristics are 
strongly influenced by the topographic or bathymetric features of  the area – how deep and 
how irregular the seabed – and the “grain size” of  the substrate of  the seafloor – rocky, 
gravel, sand, mud. 

190
 Ocean physics also has important dynamic properties, both the heat 

content (temperature) and the energy in the movement of  the ocean waters expressed 
through currents, tides, upwelling and regular wave action.

191
 Many of  these dynamic 

properties are also strongly affected by climate change and natural processes such as the  
El Niño – Southern Oscillation cycles. 

Generally speaking, management cannot “manage” the dynamic properties of  ocean 
physics.  Currents and tides cannot be increased or decreased readily to help achieve 
management goals. However, an ecosystem approach to management and policy must 
consider the dynamic properties of  local and regional ocean physics in planning. For 
example, these properties largely determine how oil spills and land-based runoff  will be 
transported and distributed in coastal and offshore areas, and strongly influence traditional 
and commercial shipping and transportation routes.

192
 They are also strongly influential on 

the biological productivity of  the ecosystem on every scale; particularly at larger scales, as 
considered below.

193
 

Managers and policy makers have more direct concerns regarding the static properties of  
ocean physics. Many human activities can alter or damage the structure of  the seafloor, for 
example, through impacts of  fishing gears, oil and gas development, activities associated 
with building port facilities, or maintaining shipping corridors, or dumping at sea. The type 
of  seafloor substrate can also be altered through these activities, as well as land-based 
activities, which cause substantial runoff  and sedimentation. These impacts to the seafloor 
may result in substantial changes to the biological communities and productivity supported 
by the area, on many scales, particularly more local ones.

194
  

 
190  Berman, M.S., K. Sherman and C. Melrose, “Measuring the Productivity of  Large Marine Ecosystems, an Introduction”, 

Transactions American Geophysical Union 87, No. 36, suppl., 2006. 
191  Bakun, A., “Patterns in the Ocean: Ocean Processes and Marine Population Dynamics”, California Sea Grant College 

System, University of  California, California, USA, 1996; Hsieh, C. H., et al., “Distinguishing random environmental fluctuations 
from ecological catastrophes for the North Pacific”, Ocean Nature 435, 2005, pp. 336-340 

192  Wang, S.D., Y.M. Shen and Y.H. Zheng, “Two-dimensional numerical simulation for transport and fate of  oil spills in seas”, 
Ocean Engineering 32, 2005, pp. 1556-1571. 
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Blackwell Science, Oxford, UK, 2000. 
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Ocean chemistry 

In adopting an ecosystem approach, serious attention also needs to be given to ocean 
chemistry and to human activities that are likely to alter the chemistry of  the ocean. In this 
respect, important ecosystem features of  ocean chemistry include salinity and concentrations 
of  dissolved oxygen and nutrients, such as nitrogen, phosphorus, carbon, and even rarer 
elements, such as iron. Natural nutrient levels and oxygen concentrations vary widely in the 
sea, both seasonally and on many geographic scales, from basin-wide to local.

195
 The 

dynamics of  biological communities are generally adapted to these natural patterns of  
variation and their geographical distributions thus closely follow these patters, particularly 
because ocean nutrient levels are one of  the key determinants of  ocean productivity.

196
   

At various times seasonal productivity of  marine ecosystems is limited by inadequate 
nutrients. On occasion, management has attempted to augment productivity through 
fertilizing local areas with nutrients in limited supply.

197
 Sometimes these experiments have 

worked, but they can also have unexpected consequences more serious than the original 
limited productivity, such as prompting blooms of  undesirable or even toxic plankton, or 
creating large areas of  oxygen levels too low to support many species of  fish and 
invertebrates. These natural patterns of  productivity need to be taken into consideration in 
aspects such as the timing of  human activities seasonally, and in the overall level of  activities 
which remove nutrients and production from systems. 

In addition to the natural chemical features of  ocean ecosystems, an ecosystem approach 
also requires consideration of  chemicals introduced into an area by human activities. Some 
introductions alter the levels of  naturally occurring chemicals, such as land-based run-off  
that increases levels of  nutrients or diminishes oxygen levels in coastal waters, while other 
introductions involve new chemicals to marine ecosystems.  Pollutants such as hydrocarbons 
from oil spills or heavy metals from industrial waste can have many effects on marine 
ecosystems.

198
 They can alter the species composition of  the biological communities by 

killing or reducing the productivity of  species that are not tolerant to the chemical, and 
reduce the overall biological diversity of  the communities if  only a few species are tolerant 

 
195  Longhurst, A., Ecological Geography of  the Sea, Academic Press, 1998. 
196  Williams, P.J. le B., D.N. Thomas and C.S. Reynolds (eds.), Phytoplankton Productivity: Carbon Assimilation in Marine and 

Freshwater Ecosystems, Blackwell Science, 2002. 
197  Coale, K., et al., “A massive phytoplankton bloom induced by an ecosystem-scale iron fertilization experiment in the 

equatorial Pacific Ocean”, Nature 383, 1996, pp. 495-501. 
198  Koelmans, A.A., et al., “Integrated modelling of  eutrophication and organic contaminant fate & effects in aquatic 

ecosystems – a review”, Water Research, vol. 35, 2001, pp. 3517-3536;  Shahidul-Islam, M.D. and M. Tanaka, “Impacts of  
pollution on coastal and marine ecosystems including coastal and marine fisheries and approach for management: a review and 
synthesis”, Marine pollution bulletin 48, 2004, pp. 624-649. 
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of  the pollutant.
199

 Even when pollution levels are not high enough to cause direct mortality 
of  marine species, the concentrations of  many toxins can accumulate as they pass up the 
food web through predation, making the predatory fish dangerous for human 
consumption.

200
   

 

Box 12: Philippines coastal resources and threats from coastal run-off 

The Philippine Islands have a coastline of nearly 40,000 km and in 2000 nearly 2,500 
inhabitants per km of coastline. The coastline supports extensive coral reefs, sea-grass beds 
and mangrove forests, which in turn support an exceptionally rich biodiversity. These 
resources are extremely important to the Philippine economy and coastal livelihoods. For 
example the mangrove forests are estimated to provide more that $600 per hectare in 
sustainable fish and wood production, and the coral reefs provide the economy over  
$1 billion per year in fishery, tourism, and coastal protection values.  

The main pressures on these valuable coastal ecosystems are agriculture and forestry 
practices plus development of urban centres, tourism infrastructure, and industrial 
facilities. Past unsustainable forest practices and poor agricultural land management has 
resulted in extensive soil erosion in some areas, in turn leading to smothering of marine 
organisms in the reefs and sea-grass beds, reduction in light penetration, and changes in 
both nutrient and oxygen levels. In areas where agricultural runoff to the sea is not 
managed, these problems are increased by fertilizers, pesticides, animal wastes, and 
decaying plant material all further altering the nutrient regimes and reducing oxygen 
levels. The agriculture sector alone was estimated to produce over 800,000 tonnes of 
organic pollution in the early 2000s. These far exceed the capacity of the coastal 
ecosystems to adapt and assimilate the inputs, and productivity of the most heavily 
impacted coastal areas is declining, with loss of fish production, tourism opportunities and 
aesthetic and biodiversity values. Industrial and urban waste disposal are having effects 
that can be even more serious in local areas. 

The Philippine government is instituting major initiatives to address agriculture practices 
that reduce runoff of all agricultural by-products. These initiatives involve communities 
extensively in adapting local practices. Because clean-up of severely impacted areas has 
proved costly and difficult, the emphasis is on prevention of undesirable run-off, rather 
than trying to correct the undesirable consequences of unsustainable practices. These 
efforts have highlighted the tight links between land-based practices and marine ecosystem 
health, and interconnectedness of all the components of the coastal ecosystems.   

See www.oneocean.org/download/990118/intros.pdf. 

 
                                                 

199  Grall, J. and L. Chauvaud, “Marine eutrophication and benthos: the need for new approaches and concepts”,  
Global Change Biology 8, 2002, pp. 813-830. 

200  Fleming, L.E., et al., “Emerging public health risks in the marine environment”, Marine Pollution Bulletin 53, 2006, pp. 545-560. 
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Ocean biology 

As discussed in more detail below (see Ecosystem Composition and Biodiversity), the 

biological features of  an ecosystem are also important in adopting an ecosystem approach, 

and include all the plants and animals in the area, whether they are permanent residents or 

only present seasonally. Plants include both phytoplankton, which constitute the basis for 

aquatic food webs, and macroalgae, which can be both an important food source for grazers 

and shelter for invertebrates and vertebrates trying to avoid predators. The animals range 

from very small zooplankton grazers on the smallest algae up to great whales, and include 

many diverse kinds of  invertebrates, elasmobranches (sharks, skates, and rays), fishes, 

seabirds, and marine mammals.   

2.2 The relevance of differences in definitions to management and policy 

The major differences in the definitions of  what is an “ecosystem” lie in the emphasis given 

to the physical, chemical, biological, and human components of  the ecosystem, and to their 

interactions.
201

  Many of  the differences reflect the varying importance of  the different types 

of  features of  an ecosystem at different spatial scales, in different parts of  the planet, and 

sometimes even among areas with different histories of  human activities. Such differences 

are important to those trying to apply an ecosystem approach in policy or management. 

They do not make one definition of  an ecosystem more or less “right” than another 

definition. However, in any specific application, some definitions of  an ecosystem are more 

useful to managers and policy makers than other definitions. 

In this respect, the problems faced by managers and policy makers can influence what 
definition of  “ecosystem” will be most useful.  For example, a manager working on the scale 
of  an individual lagoon or a coastal area of  a few tens of  kilometres in length will probably 
find that definitions stressing the structure of  the seabed (bottom substrate, plants and 
animals that create physical structure such as corals and sponges, etc.) will correspond to the 
considerations important to their work.

202
 

 
201  Some differences may reflect disciplinary biases, as it is natural for experts to give special importance to the parts of  the 

ecosystem on which their own work is already focused.  Consequently, it is always valuable for policy makers and managers to 
know the backgrounds and interests of  their science advisors, and to get a wide a range of  professional and community advice 
on the status and trends of  their ecosystem components. 

202  Hall, S., D. Raffaelli and S. Thrush, “Patchiness and disturbance in shallow water benthic assemblages”, Giller, P. ,  
A. Hildrew and D. Raffaelli (eds.), Aquatic ecology- scale, pattern and process, Blackwell Science, 1994, pp. 333-375;  
Hewitt, J.E., et al., “Mapping of  Marine Soft-Sediment Communities: Integrated Sampling for Ecological Interpretation”, 
Ecological Applications 14, 2004, pp. 1203-1216. 
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Figure 1:  Interaction of various ecosystem components 

See www.marine.usf.edu/pjocean/packets/f99/f99u2le3.pdf. Last accessed October 2008. © Project 
Oceanography Fall 1999 

 

In contrast, a manager working on the scale of  a major gulf  or oceanic basin will find 
that definitions focusing on details of  the seafloor are less helpful because the management 
decisions will be on much larger scales than specific seabed structures.  

In the case of  a manager working on a system dominated by an eastern oceanic 
boundary current, such as the Humboldt Current, the Benguela Current (see Box 13) or the 
Canary Current, variation in those currents exert strong influence on the productivity of  the 
corresponding marine ecosystems.

203
   

 
                                                 

203  Fiedler, P.C., “Environmental change in the eastern tropical Pacific Ocean: review of  ENSO and decadal variability”, 
Marine Ecology Progress Series 244, 2002, pp. 265-283; Shannon, L.J., et al., “Trophic flows in the southern Benguela during the 
1980s and 1990s”, Journal of  Marine Systems 39, 2003, pp. 83-116. 
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Box 13:  A coastal upwelling system – the Benguela current 

Marine ecosystems to the west of most coastal land-masses at mid-latitudes are 
characterized by strong oceanographic processes and biological communities with many 
similarities. The system to the west of southern Africa, from southern Angola to  
South Africa, referred to as the Benguela Current system, has been studied by a 
coordinated project over the past two decades. 

In this system, there is very strong seasonal and interannual variation in the abundance 
and productivity of most of the species in the food web. Winds and the strong, south-
flowing ocean current combine to produce significant spring upwelling (rising to the 
surface of nutrient-rich cool, deep waters) in at least 8 locations along the coast.  This 
water, in turn, produces a very strong seasonal burst in primary productivity. Year-to-year 
variation in the strength and timing of the winds and physical oceanographic events can be 
reflected or even amplified in year-to-year variation in the timing and magnitude of the 
pulse in primary productivity.  Depending on the timing of the spring bloom, the types of 
zooplankton grazers that would benefit most could also change from year to year, with 
some conditions favouring large zooplankton like large calenoid copepods and 
euphausiids, and other conditions favouring small zooplankton like cyclopoid and small 
calenoid copepods.   

Key fish species in the Benguela Current system include sardines and anchovies, which are 
the main predators on zooplankton, and the main forage fish species for the top predators 
in the systems. Anchovies feed on larger zooplankton than do sardines, so that 
oceanographic-driven changes in primary productivity can be transferred directly to 
changes in the relative abundance and productivity of sardines and anchovies. The 
migration patterns and spawning places and times are all adapted to these seasonal and 
geographic patterns of changing productivity and oceanographic conditions. Moreover, the 
major fish predators, such as Cape hake, and seabirds also are affected by the relative 
abundance of sardine and anchovy. The oil-rich anchovy generally provide greater benefits 
to the predator community, such that their year-to-year productivity – both growth and 
production of young - can also be driven by the basic oceanographic processes. 

In such systems, managers and policy-makers need to remain informed about 
oceanographic conditions and the status of the main grazing communities. For example, 
South Africa monitors the zooplankton community monthly, to get early information on 
changes that may affect the fish populations supporting fisheries. The fisheries 
management objectives and approaches also need to be responsive to changes in 
oceanographic conditions, ensuring that the exploitation rate is appropriate for the 
productivity. Because of the effects of oceanographic conditions on these systems, long-
term objectives of keeping populations of both sardines and anchovy at any fixed level 
would probably not be attainable.   

Payne, A.B., K.A. Mann and K.H. Hilborn (eds.), ‘Benguela Trophic Functioning”, South African 
Journal of Marine Science 12, 1992;  Moloney, C.L., et al., “Contributions of the Benguela ecology 
program to pelagic fisheries management”, South Africa African Journal of Marine Science 26, 
2004, pp. 37-52. 
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Correspondingly, these managers and policy makers may find that definitions of  
ecosystems that give emphasis to the oceanic physical and chemical properties are quite 
relevant to their work, whereas the same definition may have less utility to a manager 
working in a sheltered coral reef  (see Box 14). 
 

Box 14:  Coral reef ecosystems 

Coral reef ecosystems are widespread in the world’s oceans.  Long considered a key 
ecosystem type in the shallow and warm seas of lower latitudes, there has been growing 
interest in deep-sea and cold-water corals, and their associated biota. 

Shallow water coral reef ecosystems differ in many details of community composition, but 
have many similarities in the ecosystem processes.  At the most fundamental level, they are 
characterized by the limestone/calcium-carbonate structural foundation built up usually 
over many centuries.  Compared to many other types of marine ecosystem, coral reef 
systems tend to be relatively self-contained. Productivity is largely (but not exclusively) 
determined by local conditions of nutrients, temperature, and light penetration. Because of 
the more internal cycling of nutrients, biomass, and detritus, nutrient limitation often plays 
less of a role in coral reef system dynamics than it does in more open systems. Much of the 
local production remained within the species in the reef system.  There are grazers on 
macroalgae as well as phytoplankton, and biomass is passed through the food web by 
grazing planktivores, predation, and recycling of detritus in the local area of the reef, 
although eventually as much as 75% of production eventually may be exported out of the 
reef. When reefs are located in the path of strong oceanographic currents they have some 
capacity to strip nutrients and biomass from the passing water column, and smooth over 
oscillations in its nutrient levels. 

In addition to these features of comparatively (but not absolutely) stable productivity at 
lower trophic levels, coral reefs are also generally characterized by a complex three-
dimensional structure provided by the reef itself. This three dimensional structure and 
stable production tends to result in fish and invertebrate communities with many species.  
Often no single species is numerically dominant at any trophic role, with niches sometimes 
partitioned quite finely among species with feeding strategies that can be highly 
specialized. 

The species rich communities with many linkages among predators, prey and competitors 
make it hard to monitor and model the dynamics of the community with precision.  
Extractive use of the ecosystem, such fishing, may harvest many different species, with 
managers severely challenged to match catch levels of the various species to their different 
productivities. Without cautious management the large species in these systems can be 
depleted quickly.  This can lead to substantial changes in the composition and processes in 
the rest of the system as top-down control is diminished. Managers also have to be highly 
risk averse relative to the structure provided by the reef itself. Without the complex three-
dimensional structure, both the interactions between predators and prey (that depend on 
hiding places for both ambush and escape), and the basic bottom-up productivity of the 
system can be seriously altered. 

Hatcher, B.C., “Coral reefs, How much greater are the parts than the whole”, Coral Reefs 16, 1997,  
pp.  S77-S91. 
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The emergent message from these considerations is that no matter which definition is 

chosen, an ecosystem includes all the living things in the area, the physical and chemical 

properties of  the seafloor and water column, all their inter-linkages, and all the ways that 

they interact with humans using the area.   

These things all matter, but they do not matter equally. One fundamental responsibility 

of  a manager or policy maker is to determine which features are the key ones to consider for 

their jurisdictions.  This task has several dimensions, including spatial scale, seasonality, and 

biological diversity and species composition. 

Spatial scale 

As discussed above, if  management and policy are being applied on very local spatial scales, 

choices will be strongly influenced by information that may be available about the seafloor 

communities and habitats.  Such information will contribute to development of  policies and 

management programmes that ensure the sensitive and vulnerable habitats and communities 

are protected from harm, and allow human activities to occur in the places where they will 

be productive and sustainable.
204

 If  management and policy is on large spatial scales, the 

spatial considerations will be on much larger ecosystem features: overall depth and 

bathymetry, major oceanographic features such as upwelling zones, currents and gyres, and 

shelf  breaks.   

Where detailed information on the biological communities on the seabed is available, this 

may be important to decisions on where human activities should occur. More typically, 

however, little information on seafloor communities and fine-scale features is available, and 

the management decisions themselves are likely to be large-scale decisions with very little 

local spatial resolution. It is typically the case that spatial components of  management on 

large scales will be based on the distributions of  biological communities in the water column: 

fish, seabirds, and sea mammals rather than benthos.
205

  

 
204  P.W. Barnes and J.P. Thomas, supra note 194.    

205  Kareiva, P. and U. Wennergren, “Connecting landscape patterns to ecosystem and population processes”, Nature 373, 
1995, pp. 299-302;  Leslie, H.M., “A Synthesis of  Marine Conservation Planning Approaches”, Conservation Biology 19, 2005,  
pp. 1701-1713. 
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Seasonality 

Another dimension in the consideration of  an ecosystem approach is seasonality.  Managers 
of  terrestrial systems routinely take account of  seasonal weather and climate patterns 
because ecosystems and human uses of  them are dynamically linked to major seasonal 
weather patterns in rainfall, temperature, and even day length.  To varying degrees, the seas 
are also seasonal, depending on latitude, depth, position in the major ocean basins and other 
factors.  For example, “spring blooms” in productivity are tied to wind-driven “up-welling” 
of  nutrient-rich deeper waters in coastal areas,

206
 and the timing of  migrations and 

reproduction of  many mobile species that take advantage of  seasonal periods of  high food 
abundance.

207
   

Human harvesting of  marine and coastal resources has long been adapted to such 
seasonality, where it occurs.  However, an ecosystem approach to the management of  human 
activities that are not inherently extractive still needs to consider seasonal variations of  the 
ecosystem in which the activity is occurring. Activities that may have little impact on the 
ecosystem in some seasons may cause substantial disturbances to animals in seasons when 
the animals are densely aggregated, and engaged in crucial activities, such as breeding, 
spawning, rearing young, or feeding intensively.   

Biological diversity and species composition 

Another relevant ecosystem dimension is the biological diversity and species composition of  
the ecosystem. The scientific community has debated the link between biological diversity 
and ecosystem stability without achieving consensus,

208
 although recent findings by the 

Census of  Marine Life certainly highlight the importance of  biological diversity for 
ecosystem function in the deep sea.

209
  This issue is discussed more fully below (see sect. 3). 

However, it would be impossible for management and policy to be tasked with attempting to 
keep every species at some particular “natural” abundance, and every relationship between 
species at some particular rate. All natural communities and their component species vary in 
abundance, and usually distribution, on multiple temporal scales.

210
   

 
206  Miller, C.B., “Biological Oceanography”, Blackwell Science, 2004. 
207  Jones, M.B., et al., (eds.), Migrations and Dispersal of  Marine Organisms: Proceedings of  the 37th European Marine Biology 

Symposium, Reykjavik, Iceland, 5-9 August 2002, Kluwer Academic Publishers, 2003. 
208  Pimm, S.L., “The complexity and stability of  ecosystems”, Nature 307, 1984, pp. 321-325. 
209  Global Forum on Oceans, Coasts and Islands, Report from the Strategic Planning Workshop on Global Oceans 

Issues in Marine Areas Beyond National Jurisdiction in the Context of  Climate Change, Nice, France, January 23-25, 2008, 
see www.globaloceans.org. 

210  Rice, J.C., “Implications of  variability on many time scales for scientific advice on sustainable management of  living 
marine resources”, Progress in Oceanography 49, 2001, pp. 189-211;  Finney, B.P., et al., “Fisheries productivity in the 
northeastern Pacific Ocean over the past 2200 years”, Nature 416, 2002, pp. 729-733. 
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In this respect, an ecosystem approach to policy and management is not tasked with 

attempting to “freeze” the ecosystem components into any specific configuration; rather, it 

is tasked with taking due account of  the natural patterns of  variation in the biological 

components of  the ecosystems in which management is occurring. Managers and policy 

makers should ensure that human uses of  the ecosystem are responsive to natural changes 

expected in the ecosystem, neither amplifying the natural variation to levels that are unstable 

nor creating human dependencies on particular species that will not be sustainable during 

normal periods of  low availability of  the species.   
 

Summary of key ideas 

(a)  Various definitions of  “ecosystem” highlight that in adopting an ecosystem 
approach consideration must be given to ocean physics, chemistry, and biology. 

(b)  Differences in the definitions of  an “ecosystem” are in the emphasis given to 
the physical, chemical, biological, and human components of  the ecosystem, 
and to their interactions. 

(c)  Any useful definition of  an “ecosystem” will include all the features and inter-
relationships of  an area, and the humans who live near and interact with the 
physics, chemistry and biology of  an area.  

(d)  It is the fundamental responsibility of  managers and policy makers to 
determine the key features of  an ecosystem that need to be considered in their 
jurisdiction. This task has dimensions involving spatial scale, seasonality, and 
biological diversity and species composition. 

Questions for discussion 

(a) What is the relevance of  ocean physics, chemistry and biology in ecosystem 
approaches to policy and management? 

(b) Why are different definitions of  ecosystems applicable in different contexts? 

(c) How can spatial scale, seasonality and biological diversity assist managers in 
determining which features of  an ecosystem are most relevant in their area? 
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3. Biological ecosystem composition 

As outlined above, the biological components of  an ecosystem include the primary 
producers, grazers and from one to three or four levels of  predators.  

3.1 Primary producers 

Primary producers may be single-cell algae 
in the water column or marine plants 
attached to the seafloor.  As the base of  
the food web and foundation of  
productivity for all the animals in the 
system, the primary producers are crucial 
to ecosystem processes, and their 
conservation and protection may be an 
important consideration in management.

211
 

Nutrient concentrations are an important 
driver of  primary production, which 
means that an ecosystem approach requires 
ensuring that human activities do not greatly alter nutrient levels in the productive zone. Such 
alterations can be the consequence of  land-based runoff  or pollution as well as waste disposal 
at sea, which are important considerations in an ecosystem approach.212 Primary production 
also requires light, so siltation can also be an important consideration.213 When marine plants 
(often referred to as macro-algae) are an important part of  a marine ecosystem, ecosystem 
approaches also require ensuring that human activities do not cause unsustainable rates of  
disturbance of  these plants where they are attached to the seabed or floating freely. Such 
protection is particularly important because these plants do not just represent food for grazers 
but they also provide cover and shelter for fish and invertebrates, especially for larval and 
juvenile fish.214  

 
Figure 2:  Primary producers of the ocean 

See www.bigelow.org/edhab/fitting_algae.html. Last 
accessed October 2008. Copyright Caltech and 
NASA/Jet Propulsion Laboratory. 

 
211  Cushing, D., Population Production and Regulation in the Sea, Cambridge University Press, 1995.   
212  Hedges, J.I., R.G. Kiel and R. Benner, “What happens to terrestrial organic matter in the ocean?”,  

Organic Geochemistry 27, 1997, pp. 195-212.   
213  Lundin, C.G. and O. Linden, “Coastal ecosystems: Attempts to manage a threatened resource”, Ambio 22, 1993,  

pp. 468-473. 
214  Gratwicke, B. and M.R. Speight, “The relationship between fish species richness, abundance and habitat complexity in a 

range of  shallow tropical marine habitats”, J. Fish Biol. 66, 2005, pp. 650-667;  Romanuk, T.N. and C.D. Levings, “Relationships 
between fish and supralittoral vegetation in near shore marine habitats”, Aquatic Conservation: Marine and Freshwater Ecosystems 16, 
2006, pp. 115-132. 
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3.2 Grazers or “secondary consumers” 

Ecosystem grazers include both zooplankton and fish. Most phytoplankton consumption is 
by small zooplankton, whereas macro-algae can be eaten by small zooplankton, many types 
of  invertebrates and even some species of  fish. In some coastal ecosystems grazing on 
macroalgae by larger invertebrates and fish is a very important component of  dynamic 
ecosystem interactions.

215
 Away from the near-coastal areas, however, zooplankton grazers 

are the key ecosystem component at the secondary consumption level.  In most jurisdictions 
these zooplankton are rarely used directly by humans, so they rarely are a direct 
consideration in policy and management. However, as the key pathway by which production 
is transferred up the food chain to fish and larger invertebrates, management needs to be 
responsive to major changes in zooplankton abundance and species composition. Such 
changes can occur seasonally and from year to year in ecosystems which experience strong 
forcing by physical ocean conditions such as currents and temperature.

216
 Occasionally, 

zooplankton is used directly by humans, such as the krill fisheries in some Antarctic waters 
and other oceanic areas. As explained later in this Module, it is particularly important that 
management of  such fisheries is highly risk averse (i.e., precautionary) and takes an 
ecosystem approach. Over-harvesting of  secondary consumers can have widespread 
consequences for many marine predators that depend on the zooplankton for food. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3:  A simple marine food chain 

The ray is the top consumer, the crab being the secondary consumer and the phytoplanktons 
are the primary producers. Source:  

See www.marine.usf.edu/pjocean/packets/f99/f99u2le3.pdf. Last accessed October 2008. © Project Oceanography 
Fall 1999. 

 
215  Mann, K.D., Ecology of  Coastal Waters with Implications for Management, Blackwell Science, 2000.   

216  Hansen, P.J., P.K. Bjornsen and B.W. Hansen, “Zooplankton grazing and growth: scaling within the 2-2000m body size 
range”, Limnology and Oceanography 42, 1997, pp. 687-704.   
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In recent years, evidence has shown that there is a second pathway that primary 
production may take in marine ecosystems, from phytoplankton to microbial organisms 
where the production is cycled until it settles out in the detritus on the seafloor. This 
pathway is important because such energy is less available to the fish and larger invertebrates 
that graze on zooplankton.

217
 Scientists do not yet understand fully the reasons why 

production may switch from the pathway of  zooplankton, to fish and invertebrates, to the 
pathway of  the “microbial loop”, however, when it occurs it can result in major reductions 
in fish and invertebrates available for harvest. This illustrates another reason why ecosystem 
approaches try to maintain the species composition of  the community, because such 
alterations in ecosystem composition and energy flows seem particularly hard to reverse, 
once they have occurred.  

3.3 Marine fish and invertebrates 

The diversity of  marine fish and larger invertebrates is great, and new species continue to be 
found even in relatively well studied areas.

218
 As a rule of  thumb, highly productive systems 

have a greater biomass of  fish and invertebrates, as well as more species.
219

 In ecosystems 
characterized by stable physical oceanography, the species composition of  the area may also 
be quite stable over time, including the relative abundances of  the various species. In 
ecosystems where the physical processes are highly dynamic, either seasonally or among 
years, species composition and relative abundances of  the fishes and invertebrates usually 
will also fluctuate greatly.

220
  

Ecologists frequently differentiate the benthic, demersal, and pelagic components of  the 
fish and larger invertebrate communities. This partitioning is partly a convenience for 
organizing information and conducting research. However, it does reflect that ecological 
relationships are often closest among species in the same component, although as explained 
below, these components are always inter-linked.

221
 The partitioning is often useful for 

managers and policy makers as well as for ecologists; because many managed human 
activities have their direct impacts, or draw their benefits directly from one of  the three 
components. Thus the partitioning of  the biological community into benthic (seabed), 
demersal (near the seafloor), and pelagic (up in the water column) components can be useful 
for both planning and for communication.  

 
217  D. Cushing, supra note 211;  Miralto, B., et al., “The insidious effect of  diatoms on copepod reproduction”, Nature 402, 

1999, pp. 173-176;   Calbet, A. and M.R. Landry, “Meso-zooplankton influences on the microbial food web: direct and indirect 
trophic interactions in the oligotrophic open ocean”, Limnology and Oceanography 44, 1999, pp. 1370-1380. 

218  See Census of  Marine Life, at www.coml.org. 
219  Ibid.; Ormond, R.F.G., J.D. Gage and M.V. Angel (eds.), Marine Biodiversity: Patterns and Processes, Cambridge University 

Press, 1998.   
220  Stachowicz, J.J., et al., “Biodiversity, invasion resistance, and marine ecosystem function: Reconciling pattern and 

process”, Ecology 83, 2002, pp. 2575-2590;  Snelgrove, P.V.R. and C.R. Smith, “A riot of  species in an environmental calm: the 
paradox of  the species-rich deep-sea floor”, Oceanography and marine biology: an annual review 40, 2002, pp. 311-342. 

221  Kaiser, M.J., et al., Marine Ecology: Processes, Systems and Impacts, Oxford University Press, 2005.   
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Benthic community 

Where the seabed substrates are soft, such as sand and mud, a very diverse community of  
burrowing invertebrates and fishes may build up high biomasses. The burrowing “in-fauna” 
is often largely invertebrates, including many types of  worms, shellfish, and others.

222
 Both 

hard and soft seabed substrates can support diverse communities of  benthic invertebrates 
attached to the seafloor but extending up into the water column. The emergent community 
can include many types of  invertebrates, both sessile, such as corals, sponges, sea pens, 
bivalves, etc. and mobile species such as crustaceans, mollucs, etc.

223
   

A number of  fishes also are commonly part of  both the burrowing and the emergent 
parts of  the benthic community. Many of  the fish and invertebrates can be important to 
commercial and subsistence fisheries, such as the shellfish, crabs, octopus, etc. Both of  these 
benthic communities may be highly stable over time, or may be regularly diminished or even 
largely eliminated through wave actions, storms, etc.   

Ecosystems characterized by regular natural disturbances of  their benthic communities 
are often comprised of  species that recolonize areas readily; whereas areas where natural 
disturbances are rare are likely to have more species with low ability to disperse and slow 
rates of  population increase when they are introduced into an area.

224
  

The benthic community is particularly important to management and policy for three 
reasons:   

(a) Many types of  human activities contact and alter the seafloor directly, and all of  
these will impact this community directly as well. In some cases the impact on the 
seabed is essential to conducting the activity, such as when fishing for burrowing 
shellfish. In other cases, the impacts are accidental but nonetheless can be serious, 
such as when benthic communities are smothered by dumping or sediments from 
seashore construction. The impacts of  multiple or repeated human activities are also 
often cumulative. The consequences of  a repeated chronic stress, or a number of  
different activities occurring in the same area, may pose a threat to the benthic 
community that warrants management action, even if  impacts of  individual activities 

 
222  Ibid.;  Waldbusser, G.G., et al., “The effects of  infaunal biodiversity on biogeochemistry of  coastal marine sediments”, 

Limnology and Oceanography 49, 2004, pp. 1482-1492.   
223  Bradshaw, C., P. Collins and A.R. Brand, “To what extent does upright sessile epifauna affect benthic biodiversity and 

community composition?”, Marine biology 143, 2003, pp. 783-791; P.W. Barnes and J.P. Thomas, supra note 194;   
M.J. Kaiser et al., supra note 221. 

224  Bolan, S.G., T.F. Fernandes and M. Huxham, “Diversity, biomass, and ecosystem processes in the marine benthos”, 
Ecological Monographs 72, 2002, pp. 599-615;  Rice, J.C. (ed.), “Ecosystem Effects of  Fishing: Impacts, Metrics, and Management 
Strategies”, ICES Cooperative Research Report 272, 2005. 
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are considered to be small. Hence, impacts on the benthic community will be a 
consideration in management of  many human activities, not just those few that are 
actually intended to make use of  the benthic community.

225
  

(b) The severity of  the impacts and the time at which it takes the community to recover 
will depend on both the nature of  the impact and the natural patterns of  disturbance 
of  the benthic community. Good management and sound policies will have to take 
account of  both the natural disturbance patterns of  an area and the history of  
human use of  the area.  If  the area is protected from natural disturbances by depth 
or natural protective barriers, and has not been used by humans intensively in the 
past, even relatively modest levels of  disturbance may have major ecological 
consequences from which recovery will take many years.

226
   

(c) The benthic community includes the natural detritus of  the ecosystem. Everything 
that dies and sinks out of  the water column without being eaten ends up on the 
seabed, so the benthic community is necessary to recycling energy and nutrients in 
marine ecosystems.

227
 The importance of  this will be discussed below (see sect. 3). In 

terms of  implications for management, serious disturbances of  benthic communities 
can have particularly widespread consequences for ecosystem functioning. 

Demersal community 

Many species of  fishes and some invertebrates comprise the demersal community.  In high 
latitude and low productivity ecosystems there may be relatively few species in this 
community, but there may be many demersal species in an area that is highly productive, if  
the physical and chemical environment is fairly stable, or if  the seafloor and benthic 
community has a complex three dimensional structure.

228
  

In ecosystems where productivity is highly seasonal, many important species in the 
benthic community may be migratory, sometimes over larger distances. Also demersal 
communities with many species are likely to contain species with very different life 
histories.

229
 Some are fairly short-lived with most of  the population comprising new recruits 
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226  Huston, A.H., Biological Diversity: The coexistence of  species on changing landscapes, Cambridge University Press, 1994;  
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Oxford University Press, 2005.   
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each year and maturation after only a few years or sometimes even a few months. Other 
species can be long-lived with very low rates of  annual recruitment and may require two  
or three decades to mature. Demersal species may have very regular rates of  annual 
recruitment, but often recruitment levels vary greatly from year to year, particularly in 
ecosystems where environmental conditions are highly variable over time. Individuals of  
some demersal species like cod and hake produce millions of  eggs annually, but other species, 
such as skates and rays, usually produce only a few eggs. In many demersal species the larval 
and juvenile stages of  fish and invertebrates may require different habitats and have different 
diets than the adult stages, and the various life history stages are sometimes found in 
completely different locations.   

The key management and policy consideration is that the demersal fish community 
usually includes many of  the species that support directed fisheries in an area.

230
 The 

diversity of  life history strategies that can be found in the demersal fish community makes it 
impossible to provide general guidelines on how management can ensure the fisheries are 
sustainable. Rather, this underscores the need for sustainable management to take account 
of  the biological properties of  the key species being exploited. This is often difficult in 
practice because the demersal community in most ecosystems contains a number of  
different species, with a range of  life histories.   

If  the species are harvested together by unselective gears there is a tendency for 
exploitation rates to be set for the most productive and abundant species in the system. This 
can result in serious overexploitation of  the species in the community with lower 
productivities – low annual rates of  recruitment and older ages of  maturation.

231
 Where 

recruitment is highly variable from year to year, the exploitation rate for the species has to be 
adjusted to track the changing productivity of  the population.

232
This poses many 

management challenges, particularly when a species experiences a period of  high recruitment, 
and attracts substantial interest from harvesters. When recruitment returns to average or low 
rates it may be hard to reduce or redirect the fishing effort that has built up, resulting in 
rapid depletion of  the population at a time when it is unproductive and recovery is 
particularly difficult.

233
  

 
230  D. Cushing, supra note 211. 
231  Stokes, T.K., R. Law and J.J. McGlade (eds.), The Exploitation of  Evolving Resources, Springer Verlag, Berlin,  

vol. 99, 1993. 
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233  Horwood, J., C. O’Brien and C. Darby, “North Sea cod recovery?”, ICES Journal of  Marine Science 63, 2006, pp. 961-968. 
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Even if  managers and policy makers are dealing with issues other than the directed 

fisheries, there still may be important considerations with respect to the demersal fish 

community. Because this community is closely associated with the seafloor and benthos, 

decisions affecting the well-being of  the benthic community may have effects on demersal 

community stability and productivity as well. This is particularly the case when larval and 

juvenile fish make use of  the three-dimensional structure of  the seafloor and benthic 

community for shelter or feeding, which often occurs.    

Pelagic community 

The fish species in the pelagic community often form dense schools, and are often highly 

migratory seasonally and mobile over short time periods. They can reach very high 

abundances, but abundance and productivity can both vary greatly between years and in 

many ecosystems, also on decadal and longer time periods.
234

 Pelagic invertebrates are less 

commonly major components of  the exploited pelagic community, but some species of  

squid, for example, show similar adaptations.   

Small pelagic species such as sardines, anchovies, squid and herring can be important as 

food for other predators, whereas large pelagic species such as tunas and billfish can be 

dominant predators.
235

 Because of  their schooling and migratory patterns, and the tendency 

to occasionally reach high abundances, the role of  pelagic species in local ecosystem 

dynamics can be important, but is hard to predict. Moreover, the migratory nature of  many 

pelagic species means that ecosystem approaches to management of  activities dependant on 

these populations will usually have to be on relatively large spatial scales, or else involve a 

cooperative effort among many jurisdictions. There are also some large pelagic sharks, and as 

with demersal sharks, skates and rays, their life histories mean that they can sustain only low 

exploitation rates.
236

  

The considerations for management and policy for this community are similar to those 

for demersal species. However, populations of  pelagic species often vary even more than 

demersal species on decadal scales, and environmental conditions play a major role in these 
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variations. There is an even greater risk that periodically managers will have to react to 

rapidly declining abundance of  a species that support important fisheries.
237

 The important 

role of  many of  these species in marine food webs also means that management failures 

often have serious, wide-spread and lasting consequences for many other parts of  the 

ecosystems and for human uses of  them. The position of  many of  the large and migratory 

pelagic species as top predators in the ecosystem also means that they can accumulate high 

levels of  toxic chemicals if  their prey is exposed to contaminants. These chemicals can pose 

health risks to humans eating the fish, and thus may pose challenges to managers and policy 

makers, even in jurisdictions far removed from the sources of  pollution. 

3.4 Seabirds, marine mammals and sea turtles   

All marine ecosystems support populations of  marine birds, turtles, and mammals.  

Compared to fish and most invertebrates, all of  these species have very low productivities 

and old ages of  maturity, with many species producing a single young per year and some not 

even breeding every year.
238

 This means that harvests of  these species, if  undertaken, need to 

be managed carefully at very low exploitation rates. Many, but not all, of  these species are 

top predators feeding on fish or large invertebrates; however, some of  the largest whales in 

the sea eat exclusively small zooplankton,
239

 while turtles feed on seagrasses and/or 

invertebrates, such as sponges and jellyfish. Generally these higher vertebrates require 

reliable food supplies for survival and reproduction. Although many species are highly 

migratory on seasonal time scales, their breeding biology often ties them to very specific 

sites for key parts of  the year. Thus, local prey availability at key breeding or foraging sites 

may matter at least as much as overall prey availability.  
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in Oceanography 60, 2004, pp. 355-385.   
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Hoezel, A.R., Marine Mammal Biology: An evolutionary approach, Oxford, Blackwell Publishing, 2002.   
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The specific sites used for breeding, 
courtship, and other seasonal life history 
activities also usually require a high 
degree of  protection. The protection is 
necessary when individuals are at the 
site for whatever life history activity is 
undertaken there, because populations 
are particularly vulnerable when they are 
aggregated. However, the habitat factors 
needed for the life history activity need 
protection even when the individuals 
are not present in the area, so the area 
will be suitable for the life history 
activity, when the proper season for 
each activity arrives.   

 
 

Figure 4: Biological ecosystem components:  
how it all comes together (food web) 

See www.gma.org/surfing/human/foodweb.gif. Last 
accessed October 2008. 

In terms of  management and 
policy, these species are sometimes 
used for food, but almost none have 
been marketed commercially for 
several decades. However, populations 
of  many species were severely 
depleted from historic over-harvesting 
or bycatches, or because their 
traditional habitats or migration routes 
have been greatly altered through human activities, including the release of  exotic predators 
on many breeding colonies. With low inherent productivities, many of  these species are 
recovering slowly, if  at all, from their depleted abundances.

240
  

Where legal mechanisms exist to protect species at risk of  extinction, sea birds, sea 
mammals and sea turtles often are protected. Managers and policy makers often have to give 
high priority to protecting such species from harm, such as bycatch in fisheries or 
disturbance of  their breeding sites. Even for abundant species of  seabirds and marine 
mammals, species of  fish and invertebrates on which they depend need to be managed to 
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allow ample food for their needs, often on relatively local spatial scales. All these species are 
air-breathing, as well, so they are frequently found on the surface of  the water. This makes 
them highly vulnerable to oil spills, which is another consideration in routing of  sea traffic.  
Many species also undergo major migrations, often in large groups, increasing even more 
their vulnerability to oil spills, boat strikes, or other disturbances by shipping at these times.  
When major migration routes are shared by several species, some jurisdictions will 
implement special management measures to protect the species along the migration corridor, 
as well the features that make the migration route important to the species. There is an  
on-going debate among scientists about the effects of  noise in the ocean particularly on 
marine mammals. Although the issue is not yet resolved, it is certainly another consideration 
in management.

241
  

3.5 Biological diversity 

The concept of  biological diversity is fundamental to an ecosystem approach. It stresses that 
an ecosystem is much more than just a list of  species and the habitats in which they live.

242
  

Biological diversity of a system 

The number of  species of  each general biological type that are present and the relative 
abundance of  the different species are the cornerstones on which ecosystem relationships 
and ecosystems processes are built. Together, these factors – how many species are present 
(i.e., the “species richness” of  an area), and how abundance varies among the species  
(i.e., the “evenness” of  the abundance of  the species), plus the genetic diversity within each 
population – constitute the biological diversity of  the system. Some definitions of  biological 
diversity (e.g., in article 2 of  the CBD) also encompass ecosystem diversity in addition to 
species and genetic diversity.

243
  

Ecosystems differ in these components of  biological diversity, reflecting in part historic 
patterns of  arrival of  species in an area and adaptations of  species to the physical and 
chemical features of  the ecosystem and their variability, as well as the co-adaptations of  the 
species to the presence of  other species.   

 
241  Richardson, W.J., et al., Marine Mammals and Noise, Academic Press, 1995;  Gordon, J., et al., “A Review of  the Effects 
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Marine Ecology Progress Series 311, 2006. 
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Box 15:  The census of marine life 

The Census of Marine Life is a global network of researchers in more than 80 nations 
engaged in a 10-year scientific initiative to assess and explain the diversity, distribution, 
and abundance of life in the oceans. The world’s first comprehensive Census of Marine 
Life-past, present, and future-will be released in 2010. 

Seventeen projects conduct the research and analysis on six ocean realms that will be 
reported in the first Census of Marine Life in October 2010. The Scientific Committee on 
Oceanic Research Working Group monitors new technologies for observing marine life and 
recommends when cutting-edge marine technologies are mature enough to be used 
routinely in Census field projects. 

Six Ocean Realms: To successfully undertake a task as massive as a global census of marine 
life, the oceans were divided into six realms (with respective sub-zones as necessary), with 
Census field projects developing efficient approaches for the exploration of each. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

These realms were intended to encompass all major ocean systems and taxa, but were also 
selected to take advantage of the best available technologies. In all Realms, the Census 
seeks to representatively document diversity, in near surface waters it is tackling 
distribution, and along the human edges it is demonstrating best practices to estimate 
abundance. However, recognizing that over 95% of the more than 14 million geographic 
species records in OBIS are from less than 100 meter depths, it is clear that a quantitative 
census of all Realms was ‘unknowable’ in even such an ambitious ten-year program. 

See www.coml.org/census-framework. Last accessed October 2008. © 2010 Census of Marine Life. 

      *  Coral reefs are found in the warm waters of the Atlantic, Pacific, and Indian oceans. 
      **  Microbial environment encom asses the entire world ocean. p
    ***  Ice oceans occur at both poles. 
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Determinants and consequences of biological diversity  

Scientists have been studying the determinants and consequences of  biological diversity for 
several decades.

244
 Some important generalizations have emerged, as outlined below:  

(a) Productivity: systems that are more productive also tend to be more diverse. 

(b) Structural complexity: systems which have greater complexity of  seafloor 
topography and/or marine plants and animals that provide three-dimensional habitat 
structure are more diverse than systems with less structural complexity. 

(c) Disturbance: systems with a moderate rate of  disturbance are more diverse than 
systems that are either very rarely disturbed or systems that experience frequent 
disturbances.  It should be noted that:  

(i)  The “disturbance” can involve impacts of  human activities, but they can also 
involve natural disturbances, such as frequent scouring of  shallow coastal seabed 
by storms and strong wave action;  

(ii)  In practice, there are no operational guidelines for what constitutes “moderate” 
or “frequent” disturbances and these are relative and comparative terms; and 

(iii)  The species composition and diversity of  ecosystems can adapt to both very low 
and very high rates of  disturbance: all are “ecosystems”, but the life histories of  
species characteristic of  areas of  infrequent disturbances will be very different 
from those of  areas with high rates of  natural disturbance (the former will 
recover very slowly from major disruptions whereas the latter can often recover 
relatively quickly). 

Like all generalizations, there are numerous exceptions to these patterns. However, 
where there is limited information about the communities that are actually present in an area, 
the generalizations present a reasonable basis on which to commence dialogue about policy 
and management. The dialogue should take account of  the need for the application of  
precaution in the face of  the uncertainties about the ecological communities (See Module IV). 

Despite decades of  scientific study, all issues concerning biodiversity have not been 
resolved. Debate still continues about the inter-relationship of  diversity and stability of  a 
community.

245
 Interpretations of  models and field studies have shown that highly diverse 

communities are more stable than less diverse communities for two reasons: 

(a) Firstly, the greater diversity provides more linkages among species; and  

(b) Secondly, the greater number of  linkages often buffers the system as a whole, 
damping major perturbations.   
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However, similar studies also have been interpreted as showing more diverse communities 
are less stable, in the sense that in a highly diverse community, external actions (human 
activities or environmental changes) are very likely to alter something in the community, and if  
the original community is highly diverse then once disturbed, there is a very low likelihood that 
it will return to exactly the same state as it was in before it was disturbed.   

These debates are very interesting to the experts who have them, but often provide little 
help to managers and policy makers. Whether an ecosystem is highly diverse or relatively 
simple, it will change over time. Tasking managers and policy makers to allow human uses of  
marine ecosystems, while preventing any changes to them, will only guarantee that managers 
and policy-makers fail on both counts.   

Ecosystem approach in the management context 

An ecosystem approach is intended to guide managers and policy makers in choices which 
allow benefits to be taken from the seas while ensuring that the inevitable changes that are 
caused do not amplify in magnitude as they spread along the linkages in the ecosystem, and 
do not change even the most directly affected components of  the ecosystem so much that 
recovery is unlikely.

246
  

 

.

Summary of key ideas 

(a) The biological components of  the ecosystem include the primary producers, 
grazers and from one to three or four levels of  predators. 

(b) Some important generalizations have emerged from the study of  the 
determinants and consequences of  biological diversity: systems that are more 
productive also tend to be more diverse; systems that have greater complexity 
are more diverse than systems with less structural complexity; systems with a 
moderate rate of  disturbance are more diverse than systems that are either 
very rarely disturbed or systems that experience frequent disturbances. 

(c) The major ecosystem components share similar features, however, each 
grouping contains many different kinds of  species and ecosystem-specific 
information is necessary to determine policy and management options that are 
appropriate for each specific ecosystem. In any given system, certain 
characteristics are likely to be the dominant considerations for managers and 
policy makers 
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 The science of ecosystem approaches 
 

 

 93 

 
                                                

 

Questions for discussion 

(a)  What important generalizations have emerged from the study of  the 
determinants and consequences of  biological diversity? 

(b)  What are the biological components of  any given ecosystem? 

4. Ecosystem processes and interactions  

Ecosystems are more than the individual parts occurring in a specific place. The parts 
interact dynamically, including both interactions among species and individuals in an 
ecosystem, and the interactions of  individuals and populations with the changing physical 
and chemical environment in which they live. The healthy functioning of  these interactions 
is essential to the many services ecosystems provide for human societies and economies.

247
 

Unfortunately, the interactions are too numerous and too complex to measure and 
understand them all, and account for all of  them in management. However, the types of  
interactions can be grouped into a small number of  ecosystem processes. Understanding 
ecosystem processes provides a basis for managing human activities in the ecosystem in ways 
that do not jeopardize the structure and function of  the ecosystem.

248
  

Various scientific disciplines study and interpret these interactions and processes in 
different ways, depending on how the disciples conduct their work. Ecosystem experts may 
focus on nutrients and energy flows, and explain and model the ecosystem dynamics using 
physical and chemical terms and equations.

249
 Alternatively, they may focus on individuals 

and populations, and explain and model ecosystem dynamics using terms and equations for 
physiological processes, life histories of  plants and animals, and behaviours.

250
 These two 

approaches are not fundamentally different in what they try to do or in the concepts 
underlying ecosystem processes. Neither way of  looking at ecosystem processes is inherently 
more right or wrong than the other, nor is one any more useful to management and policy 
than the other. However, a number of  aspects of  individual applications may affect how easy 
it is to undertake either approach to understanding ecosystem dynamics, and apply the 
results to management and decision-making. Accordingly, it is necessary for managers and 
policy makers to be familiar with both approaches to the problem of  representing and 
understanding ecosystem processes, and work effectively with information generated from 
each type of  approach.   
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4.1 Nutrient and energetic approaches 

As on land, life in the oceans usually begins with the basic process of  photosynthesis, 
which requires sunlight and basic nutrients such as carbon, nitrogen, phosphorus, and many 
other elements and chemical compounds. The rates of  production of  organic carbon, amino 
acids, etc. by algae (the chemical basis for the whole ecosystem) can be measured directly, or 
modeled from information about the nutrient concentrations in the sea, day length and light 
penetration, water temperature, and sometimes other basic features of  the ecosystem.

251
   

In marine ecosystems energy can enter the higher trophic levels through two other 
pathways. One is from the detritus (dead organic matter) on the seafloor and ammonia 
produced as waste by living organisms, which is called regeneration of  energy/organic 
materials.

252
 This organic matter on the seafloor may come from decomposed matter from 

aquatic plants and animals that have settled to the seabed, or from land-based runoff  into 
coastal areas. Many benthic species depend on detritus as their primary source of  food, and 
some bacteria use ammonia directly, providing a second pathway for organic carbon, energy 
and nutrient to be passed into the ecosystem.

253
  

In recent decades, a third specialized core process for basic production in marine 
ecosystems has been found. In a few areas, such as hydrothermal vents on the sides of  
tectonically active undersea spreading ridges, hot, chemically-rich, waters are released from 
inside the earth’s crust.  In these areas, a number of  specialized ecosystems have been found 
(see Box 16). These systems depend on thermo-chemical processes rather than 
photosynthesis as the basic source of  energy and nutrients for their function.

254
 The species 

in these ecosystems often are unique, with specialized adaptations in all their physiological 
processes. These highly specialized ecosystems that do not depend on the process of  
photosynthesis have not, to this point, been exploited by any major commercial or artisinal 
fisheries. However, they are important locales for scientific research; there is substantial 
interest in bioprospecting in these ecosystems; and there may be potential for eco-tourism.  
At present it is their unique biodiversity properties that make these areas most relevant to 
management and policy, because there is wide consensus that these unique ecosystems 
should be disturbed as little as possible by human activities. 
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252  Legendre, L. and R. Rivkin, “Cycling of  biogenic carbon in oceans: regulation by food-web control nodes”,  

Ocean Biogeochemistry, a New Paradigm 1, 2000, pp. 85-86.   
253  P.A. del Giorgio and P.J. le B. Williams (eds.), supra note 227. 
254  Tunnicliffe, V.J., A.G. McArthur and D. McHugh, “A biogeographical perspective on deep-sea hydrothermal vent 

fauna”, Advances in Marine Biology 34, 1998, pp. 353-442;  Van Dover, C.L.,  The Ecology of  Deep-Sea Hydrothermal Vents, 
Princeton University Press, 2000.   
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Box 16:  Hydrothermal vent ecosystems 

The discovery of diverse and productive biotic communities around deep-sea hydrothermal 
vents in the last half of the 20th Century was in sharp contrast to the view of the deep-sea 
as cold, unproductive, and poor in species diversity and biomass. These systems were 
found not to depend on carbon sinking from the sea’s upper surface of primary 
productivity, but on micro-organisms like bacteria that used chemosynthesis rather than 
photosynthesis as a basis for primary production. There are at least four different kinds of 
micro-organisms that capture nutrients and form the basis for deep-sea food webs, such 
that there are many ecological niches in these communities, even at the level of the primary 
producers and fixers of energy in the biotic system.   

Where hydrothermal systems support high production of micro-organisms, large and 
diverse communities of filter-feeding organisms have also evolved. Some of the species in 
these communities are highly specialized species from large and familiar families and 
orders of marine organisms, such as many species of tube-worms that are related to the 
common polychaete worms of shelf and coastal communities, and highly specialized 
bivalve molluscs, sometimes with obligatory symbiotic chemo-synthetic bacteria housed in 
their shells. However the thermal vent species may be adapted not just to feeding on the 
vent micro-organisms, but may have evolved tolerances to temperatures of 80o C or more, 
and to concentrations of hydrogen-sulfides and heavy metals so high that they may be 
lethal to benthos in coastal waters. 

Mobile predators and grazers on the micro-organisms have also evolved in many 
hydrothermal vent communities. Some are related to known families and orders of marine 
invertebrates from coastal and shelf seas, such as shrimp and isopods. 

Although some of the species found in these hydrothermal vent communities are related to 
known shelf and coast species, some are phyla, classes and orders not previously known to 
science – or known only from other extreme environments. These unique higher 
classification units underscore the unique biodiversity and community structure of these 
deep-sea hydrothermal vent communities. The values of these highly specialized organisms 
to knowledge are only beginning to be explored. Although potentially the source of new 
biochemical products for human use in health and possibly other fields, they are also a rich 
source of information on how marine ecosystems work, how communities co-evolve, and 
possibly even on the origins of life. Hence, there is growing interest in the scientific and 
conservation communities to ensure that these systems are effectively protected from all 
destructive human practices, whether targeted at these communities directly, or only 
affecting them indirectly. 

Van Dover, C. L., The Ecology of Deep-Sea Hydrothermal Vents, Princeton University Press, 2000;  
Jeanthon, C., Molecular ecology of hydrothermal vent microbial communities, Kluwer Academic 
Publishers, 2000. 
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There are other aspects of  these processes that are important for policy and 
management. First of  all, management and policy need to be sensitive to major changes in 
nutrient levels in ecosystems, because these may affect the productivity of  the entire 
ecosystem. As described in sect. 2 above, there are natural patterns of  seasonal change in 
nutrients, inter-annually, and sometimes on other time scales. Human activities on land  
(for example, agricultural run-off) and in the sea (for example, open-pen aquaculture) may 
also alter nutrient levels in the sea, at least on local scales, sometimes by greater amounts 
than occur from natural variation in nutrient levels.

255
 Because photosynthesis rate is also 

sensitive to light intensity, and under some circumstances, temperature, changes in water 
clarity due to human activities may affect the rate of  these basic ecosystem processes. 
Photosynthesis produces oxygen in the sea, just as plants do on land, whereas regenerating 
organic energy from detritus does not. In fact, bacteria require oxygen in the process of  
decomposition of  biological matter on the seafloor, so this process uses oxygen, rather than 
produces it. Hence, the balance of  energy in a marine ecosystem from photosynthesis as 
opposed to detritus has many implications for the rest of  the ecosystem that requires oxygen 
as well as energy from these processes.

256
  

Ecosystem dynamics generally have adapted to natural variation in these features on 
many time scales. However, management and policy makers have to be vigilant to adapt the 
rate and pattern of  harvesting of  ecosystem components to changing productivity. Likewise, 
policy makers and managers need to remain aware of  land-based and marine-based human 
activities that introduce new chemicals or alter the typical levels of  characteristic nutrients 
and sediments. They should work to keep levels of  introduced nutrients within historic 
ranges of  the concentrations of  the chemicals and sediments, and to react to changes 
appropriately when major changes are detected. It may often be the case that historic ranges 
of  nutrients and chemicals are poorly known, or that systems have adapted to rates of  
nutrient inputs from external (often land-based) sources that differ from historical rates. In 
such cases, a more realistic management objective may be to keep further perturbations from 
elevating the rates of  nutrient input to even more extreme levels, where consequences for 
the ecosystem are unknown. 

Once energy is fixed (transformed) in ways that the other organisms in the ecosystem 
can use it, energetic approaches focus on the other processes that determine how it is used.  

 
255  J.I. Hedges, R.G. Kiel and R. Benner, supra note 212;  Lohrer, A.M., et al., “Terrestrially derived sediment: response 

of  marine macrobenthic communities to thin terrigenous deposits”, Marine Ecology Progress Series 273, 2004, pp. 121-138. 
256  A. Longhurst, supra note 195;  Levin, L.A. and R.J.A. Atkinson, “Oxygen minimum zone benthos: adaptation and 

community response to hypoxia”, Oceanography and Marine Biology Annual Review 41, 2003, pp. 1-15.;  P.A. del Giorgio and  
P.J. leB Williams (eds.), supra note 227.  
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One such key process is called transport. Oceans are dynamic, and the algae and bacteria 
responsible for photosynthesis and regeneration are so small that wind and storm-induced 
turbulence, tides, and currents, on many scales, may transport them great distances. These 
same physical processes can be responsible for the processes of  concentration or dispersal 
and retention of  the production. These physical processes in the sea have major 
implications for determining where in the sea there will be relatively dense or sparse 
concentrations of  all animals and relatively rich or limited biodiversity.

257
  

Models of  the physical oceanography for many marine areas have been developed, on 
scales from local coastal embayments to full ocean basins. Where there is sufficient 
information to model ocean physics (that is, just the movement of  water described by its 
characteristic temperature, salinity, etc.) these models often are very effective at explaining 
the movements, concentrations and dispersions of  the basic organic production of  the 
ecosystem as well.

258
  

Managers and policy makers rarely attempt to manage ocean transport and concentration 
processes, particularly on scales above a few hundreds of  meters. However, information on 
these processes is essential for effective spatial management of  human activities in the sea.  
This information makes a fundamental contribution both to knowing where to achieve the 
greatest biodiversity benefits from protection of  a given amount of  area, and to knowing 
where to focus human activities to obtain the greatest sustainable benefits from the 
ecosystem with the least cost, effort, and minimal “footprint” on the ecosystem. 

In an energetics framework, once organic energy is produced through photosynthesis or 
regeneration of  nutrients, it is passed to the rest of  the ecosystem through the processes of  
grazing and consumption.

259
 The rate and magnitude of  these processes are fundamental 

to the ecosystem structure and function, and the sustainable uses that can be made of  the 
ecosystem.

260
 The processes have a major role in determining how much biomass can exist at 

the higher trophic levels in the ecosystem, the rates at which biomass and energy naturally 

 
257  A. Bakun, supra note 191. 

258  Agnostini, V.N. and A. Bakun, “Ocean triads in the Mediterranean Sea: physical mechanisms potentially structuring 
reproductive habitat suitability (with example application to European anchovy Engraulis encrasicolus)”,  
Fisheries Oceanography 11, 2002, pp. 129-142. 

259  Grazing is a term usually applied to eating primary producers, whereas consumption can involve any animal eating 
another animal or plant. 

260  Banse, K., “Zooplankton: pivotal role in the control of  ocean production”, ICES Journal of  Marine Science 52, 1995,  
pp. 265-277;  K.D. Mann, supra note 215;  C.B. Miller, supra note 206.   
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“turn over” in the ecosystem, and the rates at which human uses can sustainably remove 
biomass or energy from the ecosystem. 

 
 

Figure 5:  Complex interrelationships: Model of  

trophic relationships between species within a marine food web 

See www.sfsu.edu/%7Ewebhead/lrl.html. Last accessed October 2008. 

 
 

The other key process involved in the movement of  energy and biomass in these 

energetics approaches is the ecological efficiency with which energy is used within each 

level.
261

 Animals require energy to live, so not all of  the energy they consume from their prey 

is available to either consumers that eat them, or to decomposers that will recycle their 

nutrients when they have expired and settled to the sea floor. The process of  respiration is 

usually how energetics experts account for the energy used by organisms in performing their 

own life history functions, and thus not available to other consumers. The difference 

 
                                                 

261  R. Ulanowicz, supra note 249; J.H. Brown et al., supra note 249.   
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between the energy taken in through grazing or consumption and lost through respiration is 

captured by the process of  growth, which in energetics models may be either growth of  the 

population or of  the size of  the individuals.   

Scientists have devoted significant effort to developing models of  these processes, and 

determining the key factors that affect the rate at which these processes proceed. One key 

consideration is the relative densities of  the consumer and of  the organisms they are 

consuming (both a grazer consuming algae or some higher predator consuming some prey).  

This relative abundance matters on the spatial scale and determines the rate of  productivity 

and availability of  food supply (prey) for the consumer (predator). This scale can be on small 

scales (centimetres) for grazers on phytoplankton, as well as larger scales of  the 

concentration and retention mechanisms in the sea. This scale can be very large (hundreds to 

thousands of  kilometres) when the consumers are large and highly mobile.
262

  

If  the density of  the food supply is so low that consumers have trouble meeting their 

basic needs for respiration, then the system is food-limited or controlled from the “bottom-

up”. If  the density of  consumers is so low that they cannot eat the biomass of  their food 

supply as fast as it is produced, then the dynamics of  system are considered to be driven 

from the “top-down”.
263

   

Processes like consumption, respiration and growth are interconnected and occur at 

varying ecological rates. However, these rates are affected by more than just the densities of  

the consumer and the food supply. These rates are affected by the size of  the organisms, 

with smaller organisms losing proportionately more energy to respiration than large ones, 

(i.e. being less “ecologically efficient”).
264

  

These ecological processes have many implications for managers and policy makers.  

Management and policy need to be responsive to natural variations in space and on time 

scales from diurnal to decadal, with regard to changing relative abundances of  consumers 

 
262  Schneider, D.C., Quantitative Ecology: Spatial and Temporal Scaling, Academic Press, 1994; Fulton, E.A., A.D.M. Smith and 

C.R. Johnson, “Mortality and predation in ecosystem models: is it important how these are expressed?”, Ecological Modelling 
169, 2003, pp. 157-178. 

263  Rice 2000, supra note 237;  Hunt, G.L. and S. McKinnell, “Interplay between top-down, bottom-up, and wasp-waist 
control in marine ecosystems”, Progress in Oceanography 68, 2006, pp. 115-124. 

264  von Bertalanffy, L., “Quantitative laws in metabolism and growth”, Quarterly Review of  Biology 32, 1957, pp. 217-231;  
de Roos, A.M., L. Persson and E. McCauley, “The influence of  size-dependent life history traits on the structure and 
dynamics of  populations and communities”, Ecol. Lett. 6, 2003, pp. 473-487. 
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and their food. Management and policy need to ensure human activities do not greatly alter 

these ratios of  consumers and their food supply in either direction. The consequences of  

switching systems from being driven from the top-down to the bottom-up can be very 

difficult to reverse.
265

 Managers and policy makers need to take into account the composition 

of  the biological community that they are managing. Any human activity that greatly 

increases the mortality rate in the ecosystem, including but not exclusively harvesting, usually 

results in a higher proportion of  small organisms in the ecosystem. Animals need time to 

grow and with higher mortality rates it is harder to live long, with two consequences. Short-

lived species that mature at small sizes become more common than long-lived animals that 

grow to larger sizes before maturing.  In addition, the populations of  long-lived animals 

become comprised of  a higher proportion of  small and immature individuals, as few survive 

to maturity. The increase in proportion of  small organisms in the oceans will, all other things 

being equal, mean that more of  the production will be lost through respiration, and less will 

be available for use by other organisms in the ecosystem and by humans taking benefits from 

the marine ecosystem. 

4.2 Individual and population-based approaches 

When considering primary productivity, the organism and community-focused approach 

is similar to the energetics-based approach. In both approaches, it is nutrient levels, and 

physical and chemical oceanographic conditions, that drive the dynamic changes in 

productivity. The major distinction in the models is likely to be calculations of  density of  

plankton, or their abundance, rather than simply grams of  carbon or some other chemical.  

These models also sometimes draw distinction among different types of  plankton, such as 

diatoms (plankton with silicon skeletons that sink when they die) and dino-flagellates 

(plankton with no hard shell, and sometimes some mobility in the water column).
266

  

 
265  FAO 2003, supra note 246.    

266  Sakshaug, E., et al., “Parameters of  photosynthesis: definitions, theory and interpretation of  results”, Journal of  Plankton 

Research 19, 1997, pp. 1637-1670;  Cowles, T.J., D.J. Desiderio and M.E. Carr, “Small-scale plankton structure: persistence and 

trophic consequences”, Oceanography 11, 1998, pp. 4-9; C.B. Miller, supra note 206. 
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Adapted from Cohen, J., T.  Jonsson and S. Carpenter, Ecological community description using the food web, 
species abundance, and body size, vol. 100(4), PNAS, 18 Feb 2003, pp. 1781-1786. Copyright (2003) 
National Academy of Sciences, U.S.A. 

Figure 6:  Simple “food pyramid” illustrating feeding relations  

between trophic levels and respective population characteristics at each level 

 
 

Zooplankton 

Fish 

Phytoplankton 

 

The management and policy considerations also are similar in the two approaches. One 
issue of  growing importance in this type of  approach is the relative abundance of  diatoms 
and dino-flagellates in the production.  These types of  phytoplankton may have different 
fates in the food web, and different roles in how climate variation and climate change may 
affect and be affected by the ocean. 

The physical oceanographic processes of  transport, retention, concentration, and 
dispersion receive similar consideration in both approaches as well. The implications for 
management and policy, in terms of  responsiveness to natural changes and in terms of  
place-based approaches to management, are much the same. 
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The major difference between the approaches is found in how the larger organisms in 
the ecosystem are studied, understood, explained, and managed. Grazing is commonly used 
in referring to zooplankton feeding on phytoplankton.  However, feeding processes among 
the zooplankton, larger invertebrates, fish, and higher marine vertebrates are expressed as 
predator-prey interactions or predation. These can be studied and modeled on scales from 
the predatory behaviour of  individual organisms to dynamic linkages between the biomass 
or abundance of  large functional groups, such as “zooplankton”, “forage species” and “top 
predators”.  In all cases, however, the models attempt to link the status of  the predator to 
the status of  the prey, and vice versa.

267
  

Whereas predation is the pathway that allows individuals or populations to gain energy, 
within each individual, population, or trophic category, other life history processes are also 
considered as part of  ecosystem dynamics. These include explicit representation of  the 
processes of: 

(a) Somatic growth: increases in body size;  

(b) Respiration: the energy needed to live and move; 

(c) Maturation: at least to sexual maturity, and sometimes passage across multiple 
immature life history stages; 

(d) Reproduction: producing eggs or young;  

(e) Recruitment: receiving new individuals to the population; and 

(f) Natural mortality: death from non-human causes, or, when predation mortality is 
estimated directly, death from causes other than being eaten or killed by human 
activities. 

In addition, in multispecies settings, additional processes become important, such as: 

(a) Competition: the impact that the presence of  other species has on the resources 
available to one species; and 

(b) Habitat selection: the ability of  an individual or population to find places where the 
resources needed for the other life history processes will be available.  

Approaches to modeling and understanding ecosystem dynamics do not always explicitly 
include consideration of  all of  these processes. Minimally, there should be representations 
of  growth, reproduction, and mortality in a single-species population model, and predation 
in multi-species and ecosystem models. Models can be very simple or very complex, but 
usually include density-dependent relationships in at least one process: possibly the 

 
267  Hollowed, A.B., et al., “Are multispecies models an improvement on single species models for measuring fishing 

impacts on marine ecosystems?”, ICES Journal of  Marine Science 57, 2000, pp. 707-719;  Steffansson, G., “Multi-species and 
ecosystem models in a management context”, M. Sinclair and G. Valdimarsson (eds.), Responsible Fisheries in the Marine 
Ecosystem, FAO, 2003, pp. 171-188;  E.A. Fulton, A.D.M. Smith and C.R. Johnson, supra note 262. 
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relationships between predators and their prey, the foraging behaviour of  individual 
predators, the production of  progeny by adults, or in several of  those places at once.

268
 The 

effects of  changing the state of  the physical and chemical environment can also be 
represented by linking environmental features directly to the life history processes that the 
environment is considered to affect.

269
For example, growth rates of  individuals or 

populations can be linked directly to water temperature, maturation rate to the availability of  
food, and mortality rates to the quality of  the habitat. 

These individual and population-based approaches look attractive to many managers and 
policy makers, because they can represent exactly the parts of  the ecosystem that are being 
used (for example, when harvesting a population that is also a key food supply), or being 
altered by a human activity (for example, coastal development that affects the quality of  
habitat for fish). However, the more detail that is desired in an ecosystem model for support 
of  management or policy, the more that has to be known about the system being modeled.   

This link between the information desired for management, the complexity necessary for 
the ecosystem representation (as a conceptual or computer model), and the information 
needed on the system being managed, has major implications for monitoring, as discussed 
below. It also has major implications for modeling as well. There is a growing tendency to 
seek models that are not “data – hungry”. This can be attempted through aggregating 
groups of  species or populations that are thought to act the same way, and that respond the 
same way to changes in the physical or chemical environment. In this case, it is only 
necessary to specify the dynamic behaviour of  the aggregate, and not all its pieces.  

Such simplifications are always necessary when knowledge is being used to support 
policy and management. However, those doing the work and those using the results should 
always keep in mind that the products can be made to look much more “scientifically rich” 
than they really are. If  the groupings of  “like species” in these ecosystem models are large, it 
will not be true that all the species in the grouping will respond the same way to changes in 
their food supply, the abundance of  their predators, and their physical environment.  
Moreover, often the linkages between the species or groups in these ecosystem models are 
based on relatively little study, or study under a narrower range of  conditions than the range 
of  conditions under which they will be used. In these circumstances, the support provided 
to policy and management by these ecosystem studies and models may be unreliable, even 
though the outputs look scientifically impressive.   

 
268  Hilborn, R. and C.J. Walters, Quantitative fisheries stock assessment: choice, dynamics and uncertainty, Chapman and Hall,  

New York, 1992;  D. Cushing, supra note 211;  G. Steffansson, Ibid. 
269  Schrum, C., I. Alekseeva and M. St. John, “Development of  a coupled physical-biological ecosystem model 

ECOSMO Part I: Model description and validation for the North Sea”, Journal of  Marine Systems 61, 2006, pp. 79-99; also 
available from www.ecofoci.noaa.gov.  
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There are several important implications for management in this respect. First of  all, 
managers and policy experts can get all the support from these types of  models that they can 
get from energetics-based models. Sometimes the questions must be asked in different ways, 
but both paths can eventually lead to the necessary support. The choice of  which approach 
to take may be partly a matter of  taste or availability of  expertise. However, the preferred 
choice also reflects to some extent what is being managed. If  the human activities being 
managed are expected to have major impacts on nutrient levels, water clarity, or local 
physical mixing or turbulence (for example, land-based run-off, causeways, harbour 
developments) then energetic approaches address these considerations directly. When the 
activities being managed affect populations directly (for example, harvesting increasing 
mortality, or activities preventing easy access to places important for some life history 
activities) then population and community-based approaches may be the more useful.  
Likewise, when clients of  management or policy are particularly interested in biodiversity or 
specific populations, approaches which focus on populations and communities often 
facilitate dialogue.    

A great deal of  data and knowledge of  an ecosystem is needed if  complete population 
and community models are to be developed in support of  management and policy.  
However, even simple models can shed substantial light on which processes are critical 
functions (see sect. 5 below), and on some of  the consequences of  major human 
perturbations to these systems.  Simple models can use general knowledge of  animal life 
histories matched to the most general patterns of  major community properties, to explore 
management scenarios and system responses.

270
  

Perhaps more importantly, population and community-based support for policy and 
management can also make extensive use of  community and traditional knowledge, 
because residents of  coastal areas and users of  marine resources are likely to experience 
those systems through the status of  their populations and communities.

271
 This knowledge 

can be especially important because, as mentioned earlier, very often when science experts 
are asked to develop dynamic conceptual or computer models for a population or 
community, they have relatively little data with which to determine how relationships should 
be represented in the models. Even when they have such data, the management or policy 
question may ask how the ecosystem would respond under conditions, quite different from 
those where and when the data were collected. In these cases, experiential knowledge may be 
invaluable in helping to provide useful process-based insights into how the ecosystem would 
respond to the management or policy options that are being considered. 

 
270  Pope, J.G., et al., “Modelling an exploited marine fish community with 15 parameters – results from a charmingly 

simple size-based model”, ICES Journal of  Marine Science 63, 2006, pp. 1029-1044. 
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Summary of key ideas 

(a)  Ecosystems are more than the individual parts occurring in a specific place. 

The parts interact dynamically, including both interactions among species and 

individuals in an ecosystem, and the interactions of  individuals and 

populations with the changing physical and chemical environment in which 

they live. The healthy functioning of  these interactions is essential to the many 

services ecosystems provide for human societies and economies.  

(b) The types of  interactions in an ecosystem can be grouped into a small number 

of  ecosystem processes. Understanding these processes provides a basis for 

managing human activities in the ecosystem in ways that do not jeopardize the 

structure and function of  the ecosystem. 

(c)  Ecosystem experts may focus on nutrients and energy flows, and explain and 

model the ecosystem dynamics using physical and chemical terms and 

equations. Alternatively, they may focus on individuals and populations, and 

explain and model ecosystem dynamics using terms and equations for 

physiological processes, life histories of  plants and animals, and behaviours.  

(d) Ecological processes have many implications for managers and policy makers.  

Management and policy need to be responsive to natural variations in space 

and on time scales from diurnal to decadal, with regard to changing relative 

abundances of  consumers and their food. Management and policy need to 

ensure human activities do not greatly alter these ratios of  consumers and their 

food supply in either direction. Managers and policy makers need to take into 

account the composition of  the biological community that they are managing.   

Questions for discussion 

(a) What are the differences between the nutrient and energetic and the individual 

and population-based approaches to explaining ecosystem dynamics? 

(b)  What are the respective advantages and disadvantages of  these two 

approaches? 
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5. Critical functions 

Every place and species in an ecosystem has some role in ecosystem structure and function; 
every place and species in the system may make some contribution, directly or indirectly, to 
the goods and services enjoyed from marine ecosystems. The preceding sections have 
explained why each major ecosystem component and process may be important to 
management and policy. However, given the huge number of  components and processes 
(all the species and all their linkages) in an ecosystem, it is impossible for managers and 
policy makers to consider them all in each action that they take. Sustainable use is 
fundamentally about choices, and in an ecosystem approach, some of  the choices are about 
which ecosystem components to treat as priorities.   

From the biological and ecological perspective, those choices should be based on which 
components and which processes are critical to regulating ecosystem structure and 
function.

272
 Even though all species and all places may make some contribution to 

maintaining ecosystem structure and function, their contributions are not equal. Rather, 
usually only a few of  the species and processes in a complex ecosystem determine the rate at 
which system dynamics and species interactions occur in the ecosystem. These species are 
considered to regulate the critical functions in the system.  

A process or species is considered to “regulate” ecosystem structure and function if   
the rate at which the processes occur in the ecosystem, or the well-being and productivity of   
the populations in it, are strongly influenced by the specific process or species.

273
 “Strongly 

influenced”, in turn, does not mean that every change in the status of  the species or process 
that “regulates” system dynamics is matched by changes in many other parts of  the 
ecosystem. However, it does mean that effects of  any major alterations in the regulatory 
species or process can be expected to spread to many other species or processes, to 
expand widely in space – often beyond the site where the alteration was caused, and to 
persist in time.

274
   

How can these critical functions be identified in any single case?  Unfortunately, there is 
no recipe book that ensures that the critical functions in any system can be identified readily.  
Nonetheless, there are a number of  questions which managers and policy makers can pose 
to their advisors on ecosystem approaches, and use as a basis for discussion with those 
considered to have experiential knowledge of  the ecosystem. The answers to the questions 
and the inclusive dialogue can often help to identify the critical functions in any system. 

 
272  Rice, J.C., et al., “Guidance on the application of  the ecosystem approach to management of  human activities in the 

European marine environment”, ICES Cooperative Research Report 273, 2005. 
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(a) Are there major physical or chemical drivers that are known to vary greatly 
seasonally or among years, which affect the productivity and species composition of  
the ecosystem? Examples would include strong upwelling areas, areas dominated by 
strong tides, or areas where El Niño may produce strong changes in water 
temperature.  In these cases primary productivity and temperature sensitivity of  
growth and maturation may be critical ecosystem functions. 

(b) Is the structural complexity of  the seafloor and benthic community important for 
habitat selection and protection from predation by fish and invertebrates? Examples 
would include slope edges, seamounts or coral reefs. In such cases habitat selection, 
predation, and recruitment of  the species living in association with the structural 
habitat features may have critical ecosystem functions. 

(c) Is the system often characterized as having surplus nutrients and/or low oxygen 
levels?  Examples would include areas that frequently experience eutrophication. If  
so, productivity and respiration are likely to have critical functions in those systems. 

(d) Are there particular species of  prey that, when abundant, are the major food 
supply for many different predators in the ecosystem? Examples could be capelin in 
northern Boreal systems, or copepods or euphasiids in many mid-latitude systems. If  
so, then predation is a critical function and the ecosystem is likely to be regulated 
from the “bottom up”, particularly if  recruitment to the key feed species is strongly 
affected by water temperature, salinity, etc. 

(e) Are there particular species of  predator that, when abundant, remove major 
fractions of  the prey base? An example is the reduction in prey around breeding sites 
for colonial seabirds. If  so, predation is a critical function in the ecosystem and the 
ecosystem is likely to be regulated from the “top-down”, particularly if  the top 
predators are long-lived in comparison to the normal lifespan of  their prey. 

There are two additional key considerations regarding critical functions and food-web 
relationships. First, in even a moderately species-rich ecosystem, there are a very large 
number of  connections between each species of  prey and all the species that may prey on it, 
and between each predator and all the species on which it may prey. Hence, foodwebs of  
adequately studied marine ecosystems are always a tangle of  linkages that are too inter-
connected to be readily amenable to measurement.

275
 Many studies have shown that the 

complexity of  linkages is important to maintaining many higher-orders but vital ecosystem 
functions, such as resilience to stress and recovery from perturbations.

276
 These numerous 
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linkages can be particularly important when they are partly “compartmentalized”; that is 
partitioned in space in the larger ecosystem, such as having many interactions among the 
benthic species as predators and prey, and numerous interactions among pelagic predators 
and prey, but comparatively few linkages between those “compartments” of  the 
ecosystem.

277
 A small subset of  all these linkages are often the ones which dominate the flow 

of  biomass and energy through the ecosystem, and regulate the dynamic properties of  the 
ecosystem. That does not make these strong linkages easy to identify without a lot of  
information, but it makes them very important to consider in management and policy.

278
  

Second, even when no single species of  predator may regulate ecosystem structure and 
function from the top down, it is possible that top-down predation pressure is still a critical 
function in the ecosystem. These circumstances can arise because predation in the sea is very 
often size-based more than it is species-based. For example, in a given area the diets of  two 
large demersal species – perhaps two species of  flatfish – of  the same length may be much 
more similar to each other, than the diets of  10 cm and 70 cm fish within either species.  
This size-based view of  predation is attracting substantial attention because fish size is 
relatively readily monitored in the sea and in catches, size-based models capture many 
important ecosystem dynamics at least as well as species-based models, and reasonable 
guidance to management and policy can often flow as readily from size-based ecological 
studies as from species-based studies.

279
   

Once they have been identified, these critical functions have a number of  roles in 
management: 

First of  all, managers and policy makers should consider if  the critical ecosystem functions 
are already altered substantially, relative to what is known of  their historic states. If  so, the 
system may already be highly stressed and this has two implications for policy and 
management.   

(a) The system may not be able to absorb substantial additional pressure to these critical 
functions, without consequences that are serious and difficult to reverse. 

(b) It may be unwise to consider current conditions as a baseline state from which to 
judge the effectiveness of  management and policy actions.   
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If  critical functions are already stressed to some extent in an ecosystem, it may not be 
co-evolved to function well in it its present state.

280
 Rather, the current structure and 

function of  the ecosystem may be in transition to adapt to the recent stresses, and no 
amount of  management can maintain it in a transient state. Unfortunately, only in very 
knowledge-rich areas can it be possible to reconstruct what less stressed, and possibly more 
sustainable, states the ecosystem may have been in historically, and even more rarely can 
predictions be made about the structural and functional properties the system will have 
when the transient changes have passed through the linkages. These conditions make wise 
management very challenging. 

If  the critical functions of  the ecosystem do not currently seem stressed, managers and 
policy makers can address two important considerations: 

(a) For an activity being managed, which critical functions will the activity affect most 
directly and to what extent. Identifying those critical points of  interaction between 
human activities and critical ecosystem functions can help identify risks associated 
with the activity by allowing the best assessments possible with the information 
available of  the potential direct and indirect ecosystem consequences of  an activity.  
Identifying the critical points also helps to focus monitoring on the ecosystem 
properties most likely to reflect any impacts that the activity may be having on the 
ecosystem and the activity proceeds.

281
  

(b) For the activity being managed consider if  different options perturb the critical 
functions by lesser or greater amounts.

282
 The goal is to seek options which allow the 

desired social and economic benefits of  the activity to be obtained, but ensure that 
critical ecosystem functions do not suffer harm that is serious or difficult to reverse. 

A final point on critical ecosystem functions and ecosystem disturbances by human 
activities needs mention. Human stresses can alter ecosystem components or processes to 
the point where new features become “critical functions”. If  the consequences of  human 
pressures make something become consistently in short supply (or occasionally abnormally 
abundant) in the ecosystem, the availability of  that component or rate of  that process may 
regulate the dynamics of  a much larger part of  the ecosystem. For example, excessive 
nutrient enrichment of  a coastal area may lead to increased accumulation of  decomposing 
algae and plankton on the seafloor. The oxygen used in the decomposition may leave the 
deep waters depleted of  oxygen for long periods, with seriously detrimental consequences 
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for the reproduction of  many fish and larger invertebrates. Oxygen concentration eventually 
becomes a property that regulates the system dynamics, although prior to the nutrient 
enrichment oxygen levels were almost always sufficient, and other factors regulated system 
dynamics. Thus, although even naturally functioning ecosystems often have critical functions 
which regulate their dynamics, unsustainable human uses can accentuate how critical those 
functions are, or may create new critical functions. 

 

Summary of key ideas 

(a) Given the huge number of  components and processes in an ecosystem, it is 
impossible for managers and policy makers to consider them all in each action 
that they take. Sustainable use is fundamentally about choices, and in an ecosystem 
approach, some of  the choices are about which ecosystem components to treat as 
priorities.   

(b) From the biological and ecological perspective, management choices should be 
based on which components and which processes are critical to regulating 
ecosystem structure and function. Usually only a few of  the species and 
processes in a complex ecosystem determine the rate at which system 
dynamics and species interactions occur in the ecosystem. These species are 
considered to regulate the critical functions in the system. 

(c) There is no recipe book that ensures that the critical functions in any system 
can be identified readily. Nonetheless, there are number of  questions that 
managers and policy makers can pose to advisors on ecosystem approaches, 
and use as a basis for discussion with those considered to have experiential 
knowledge of  the ecosystem. 

(d) Human stresses can alter ecosystem components or processes to the point 
where new features become critical functions. If  the consequences of  human 
pressures make something become consistently in short supply, or occasionally 
abnormally abundant, in the ecosystem, the availability of  that component or 
rate of  that process may regulate the dynamics of  a much larger part of  the 
ecosystem.   

Questions for discussion 

(a) What are some of  the questions that can be used to identify the critical 
functions in any given ecosystem? 

(b) What roles do critical functions play in management? 
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6. Ecosystem health 

Despite the pervasiveness of  its use, the concept of  “ecosystem health” is no easier to 
define in concrete and practical ways than is the concept of  an “ecosystem approach”.

283
 In a 

general sense the concept is straightforward. The health of  the ecosystem is the aggregate 
consequence of  all the ecosystem components and processes being within their historical 
ranges of  natural variation, and all critical functions not being disrupted by either human or 
environmental stress.

284
 Interpreted this way, the concept of  ecosystem health makes two 

important contributions to an ecosystem approach. 

First, it focuses attention on the inherent natural variability of  ecosystems, and the limits 
to that variability. In human health there is no single height or weight that is considered 
“normal”. Nonetheless there are relationships between height and weight that are considered 
“normal”. For any given height, there is a range of  weights that are considered “healthy” and 
there are weights that are considered “unhealthy” – either too low or two high. Moreover, for 
any given individual there is a weight that is characteristic, but that weight changes at least 
slightly on daily, monthly, and seasonal cycles. Some other common features of  human 
health can vary even more within healthy individuals. Pulse rate, for example, varies greatly 
with level of  activity, and it is considered “good health” both to have it reduce substantially 
during periods of  rest, and be elevated regularly by planned exercise. Nonetheless, pulse rate 
is often one of  the first things checked in emergency medicine to see if  it lies outside the 
normal range of  variation. 

These ideals have useful analogies in applying the concept of  “ecosystem health”. First 
of  all, ecosystem health, like human health, is an integrative concept – it reflects some 
overall status and resilience of  the whole system, not any specific part of  it.

285
 There is no 

globally “right” productivity for an ecosystem, nor a “right” biodiversity, degree of  top-
down or bottom-up control, or environmental forcing. Nonetheless, the many structural and 
functional features of  an ecosystem are inter-related, and with a modest amount of  
information about some of  them, reasonable expectations can be developed for others. To 
the extent that the status of  the key structural and functional properties of  a given 
ecosystem can be assessed at a given time, there is no expectation that it has to be kept in 
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exactly that state to be “healthy”. Moreover, different ecosystems can be expected to vary by 
different amounts, within their ranges of  “healthy” status. At the same time, beyond the 
natural variation characteristic of  a given system, there are states that it could be driven into 
by pressures from natural forces or human uses which would not be considered “healthy”.  
How far these “unhealthy” states deviate from the “normal” condition in structural or 
functional properties is also a case-specific property of  ecosystems, although it is related to 
the intrinsic amount of  variation characteristic of  a system.  Perhaps the most important 
analogies between the concepts of  ecosystem health and human health are in the “diagnosis” 
of  health. Maintaining good health requires regular check-ups (assessments), sound 
“lifestyles” (sustainable uses), and above all a willingness to take action when there are 
indications that the system is moving towards an unhealthy state, not waiting until the patient 
(ecosystem) is in critical condition before taking remedial actions. 

This concept of  the assessment or “diagnosis” of  ecosystem health brings in the second 
contribution that the concept makes to an ecosystem approach to policy and management.  
Although a complete assessment of  a patient is needed to be relatively certain that every 
aspect of  the patient’s mental and physical health is good, such assessments are costly and 
usually unnecessary. Rather, routine check-ups are recommended where a suite of  indicators 
of  health are assessed. These indicators should be relatively easy and cost-effective to 
measure. The indicators are compared to standards for a coarse evaluation of  whether each 
indicator is within the natural range of  variation of  the population and, where possible, the 
individual standards are calibrated in advance to the specific patient. It is important that the 
assessment indicators should reliably indicate if  and where more complex and costly follow-
up tests are justified.

286
   

It is also important that when follow-up actions appear warranted based on the coarse 
assessment actions are already taken on the risk that appears to be present. It is not a 
coincidence that the application of  precaution (see Module IV) is a shared concept in 
protecting human health and ecosystem health. The most costly and invasive health 
measures may only be taken when the more detailed results are available. However, actions 
are recommended to cease at least the unhealthy practices as an interim measure, rather than 
awaiting a high level of  certainty about potential harm before trying to improve health.  
These are all routine practices of  good health care for populations, and they are good 
practices to maintain ecosystem “health” as well.

287
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Summary of key ideas 

(a) The health of  the ecosystem is the aggregate consequence of  all the ecosystem 
components and processes being within their historical ranges of  natural 
variation, and all critical functions not being disrupted by either human or 
environmental stress. 

(b)  Ecosystem health is an integrative concept. It reflects some overall status and 
resilience of  the whole system, not any specific part of  it.   

(c)  There is no globally “right” productivity for an ecosystem, nor a “right” 
biodiversity, degree of  top-down or bottom-up control, or environmental 
forcing. Nonetheless the many structural and functional features of  an 
ecosystem are inter-related, and with a modest amount of  information about 
some of  them, reasonable expectations can be developed for others. 

7. Ecosystem integrity 

Ecosystem integrity is another abstract and general concept, but is important to an 
ecosystem approach.

288
 As the concept of  ecosystem health applies to an aggregate state of  

the components and processes, ecosystem integrity applies to features that the ecosystem 
itself  has when it is in a healthy state.   

Ecosystem resilience 

When ecosystems are healthy they show resilience to disturbances.
289

 For example, suppose 
an environmental or human pressure changed some components or processes in an 
ecosystem, such as increased mortality on a key predator (over-harvesting) or changed rates 
of  nutrient input to a system (land-based pollution), if  the resilience of  the ecosystem is 
intact, when the pressure is released, the ecosystem tends to return in the direction from 
which it was perturbed. It may not return to exactly the state that it was in previously, but 
major perturbations are corrected to more typical states. If  resilience is lost, perturbations 
may actually be amplified rather than buffered as they spread in time or space, or to linked 
components and processes.  
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Resilience is a concept that can be applied to social and economic systems that use 
ecosystems, as well as the ecosystems themselves. If  the resilience of  marine ecosystems is 
diminished through unsustainable uses, the resilience of  dependent communities and 
industries is likely to be diminished as well. Moreover, some social scientists argue that the 
effects are reciprocal. If  marine ecosystems are the basis for social or economic systems that 
are not resilient to normal variation in the ecosystem, then those uses may increase the stress 
on the ecosystem when natural variation has already placed the ecosystem at an atypical state.  
Thus social and economic systems of  low resilience may diminish the resilience of  ecological 
systems as well. 

A major source of  ecosystem resilience comes from feedback processes inherent in 
many ecosystem processes and relationships between species.

290
 The importance of  density-

dependence in some ecosystem processes has been noted, and these contribute the necessary 
feedback to buffer ecosystems from perturbations. For example, if  a human pressure 
increased mortality on a key predator, the density of  that predator in the ecosystem would 
decline. If  prey were unaffected directly by the pressure causing increased mortality on the 
predator, the remaining individuals of  the predator species would find more food per 
individual. The result would appear as density dependence in the predation process. With 
better food per individuals, they might grow faster and mature sooner, or produce more eggs 
per individual. The result would appear as density dependence in recruitment to the predator. 
These sources of  density dependent feedback have been the basis for commercial fisheries 
for centuries.

291
  

Ecosystem integrity 

Ecosystem integrity refers to the degree to which all these processes which maintain 
ecosystem structure and functioning are working to keep returning the system to “healthy” 
conditions, as the system is perturbed by environmental variation and human uses.

292
 As long 

as the individual pressures do not move the feedback processes outside their ability to 
compensate over time, the integrity of  the ecosystem is intact. 

It is the nature of  density dependent feedback that within the tolerances of  the 
compensating processes the effects of  perturbations are buffered, and the system does not 
appear to suffer lasting or major changes in response to the pressures to which it is exposed.  
However, once the system tolerances are exceeded for even a few of  the compensating 
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processes, the ecosystem can quickly suffer harm that is serious and difficult to reverse – that 
is, the ecosystem integrity has been reduced or even lost.

293
 Unfortunately, the incremental 

increase in a pressure that alters ecosystem integrity may appear small compared to the 
gradual increase in the pressure that has occurred without appearing to reduce ecosystem 
integrity at all. This can occur because strong density dependent processes are designed to 
work effectively until further compensation is not possible, and then they break down rapidly.   

Similarly, ecosystem integrity can be harmed by cumulative effects of  multiple 

pressures.
294

 Past experience may have indicated that the ecosystem processes could 

compensate for the stress caused by each pressure as it was applied individually. However, 

sometimes the same components or processes were involved in compensation for several 

pressures. When they are later applied cumulatively, the combined stressors do exceed the 

density dependent (and any other) compensation mechanisms, and again ecosystem integrity 

is compromised. Alternatively, in a healthy ecosystem there may be many components and 

linkages among them that contribute to the resilience of  an ecosystem to perturbations. As 

individual components and linkages are weakened or removed, many of  the losses 

individually appear to have negligible impact on ecosystem structure and function. However, 

at some point the simplified system loses its ability to buffer and compensate for 

perturbations, and again an incrementally small pressure can result in large and lasting harm.   

These types of  major consequences of  minor incremental pressures indicate why the 

integrity of  the ecosystem as a whole is an important consideration in management and 

policy. They also highlight the importance of  integrated management in an ecosystem 

approach, so cumulative effects receive due consideration.
295

 They also highlight that 

conservation of  biodiversity is a cornerstone of  protecting ecosystem integrity, because it is 

often the multiplicity of  components, processes and their linkages that give ecosystems their 

resilience and are vital to maintaining ecosystem integrity.
296

 Finally, they are a caution with 

regard to reliance on adaptive management to react to changes in ecosystems as they are 
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detected.  Adaptive management assumes that each increment in a pressure can be addressed 

by a comparable increment in an appropriate management measure.
297

 When ecosystem 

integrity is under pressure, this may be a dangerous assumption. 

 

Summary of key ideas 

(a) Ecosystem integrity refers to the degree to which the processes that maintain 

ecosystem structure and functioning are working to return the system to 

“healthy” conditions as the system is perturbed by environmental variation and 

human uses. As long as these individual pressures do not move the feedback 

processes outside their ability to compensate over time, the integrity of  the 

ecosystem remains intact. 

(b)  Ecosystem integrity applies to features that the ecosystem itself  has when it is in 

a healthy state. However, once the system tolerances are exceeded for even a few 

of  the compensating processes, the ecosystem can quickly suffer harm that is 

serious and difficult to reverse. In other words, the ecosystem integrity has been 

reduced, or lost. 

(c)  A major source of  ecosystem resilience comes from feedback processes 

inherent in many ecosystem processes and relationships between species. 

(d)  Conservation of  biodiversity is a cornerstone of  protecting ecosystem 

integrity, because it is often the multiplicity of  components, processes and 

their linkages that give ecosystems their resilience and are vital to maintaining 

ecosystem integrity. 
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 Module III:   Governance and socio-economic  
 aspects of ecosystem approaches  

 

Module plan 
1. Introduction 

1.1 Changing patterns of management of ocean-related activities: towards  
an ecosystem approach 

2. The concept of governance 

2.1 The role of government 

2.2 The role of the marketplace 

2.3 The role of civil society 

2.4 Need for site-specific understanding of governance arrangements 

3. Equity and sustainable development 

4. Applying an ecosystem approach in a socio-economic context 

5. Role of government 

5.1 Political dynamics of regulatory policy 

6. Economic aspects 

6.1 How markets impact ecosystems 

6.2 Impacts of economic activities on ecosystems 

7. Social aspects 

7.1 Social norms and networks 

7.2 Moral obligation 

7.3 Social influence 

7.4 Changing use patterns and traditional communities 

7.5 Non-governmental organizations 

7.6 Stakeholder participation 

7.7 Conflict management 
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8. Sustainable financing 

8.1 The financing challenge 

8.2  Mitigating the impacts of markets and addressing government performance 

8.3 Valuation of ecosystem goods and services 

9. Meeting the challenges 

9.1 Economic challenges 

9.2 Government challenges 

9.3 Challenges associated with civil society 

Objectives 

By the end of this Module, participants will be able to: 

  Comprehend the concept of governance and its central role in advancing ecosystem 

approaches 

  Identify existing governance mechanisms within individual States 

  Determine the site-specific utility of different governance mechanisms and their 

potential contribution to the implementation of an ecosystem approach to the 

management of ocean-related activities 

  Explain how humans use and encroach upon marine ecosystems directly and 

indirectly for social, cultural, and economic benefits 

  Describe the principal human uses of resources in their marine ecosystem(s) 

  Explain why and how markets impact marine ecosystems 

  Explain how government regulates human activities and resource use in marine 

ecosystem(s) 

  Explain how and why government institutions and organizations affect efforts to 

implement ecosystem approaches to ocean management 

  Explain the role of civil society in the implementation of an ecosystem approach 

  Identify means for improving the ability of markets, government, and civil society to 

support ecosystem approaches 



 Governance and socio-economic aspects of ecosystem approaches 
 

 

127

 
                                                

1. Introduction 

1.1  Changing patterns of management of ocean-related activities: towards  
an ecosystem approach  

As previously highlighted, existing approaches to the management of  ocean-related activities 

have not been effective in ensuring the sustainability of  ocean uses, and efforts are required 

to improve our management systems. While not a panacea in and of  itself, an ecosystem 

approach provides a starting point for improved management, building upon  

an integrated approach to management, which may already be in use at the national level  

(e.g., integrated coastal management).   

The evolving pattern of  ocean uses is marked by several significant characteristics 

including: 

(a) The intensification of  traditional uses such as fishing and the transportation of  
maritime goods; 

(b) The emergence of  new uses, including offshore oil and gas development, mariculture 
and alternative energy generation, including through the use of  wind and wave 
power; 

(c) The concentration of  ocean uses in near shore areas; 

(d) Growing threats to the ocean environment, ecosystems, and the sustainability of  
living resources; and 

(e) Increased impacts from coastal uses and development. 

As has been the case with ocean uses, ocean governance, too, has evolved over time.   

At the 1883 International Fisheries Exhibition in London, a pre-eminent biologist, 

Thomas Huxley, maintained that fisheries were so abundant and prolific that there was no 

need for any type of  fisheries management. 298  Ocean management in this period was 

minimal or non-existent and the oceans continued to be treated as a commons, with access 

open to all. However, as ocean use increased, this laissez-faire approach was superseded by 

pragmatic responses to individual problems that arose, resulting in a sectoral approach to 

management, in which different ocean uses were seen and treated in a discrete manner 

without reference to other uses. 

 
298  Huxley, T., Papers of  the Conferences held in connection with the Great International Fisheries Exhibition, Inaugural Meeting of  the 

Fishery Congress, London, William Clowes & Sons, 1983.   
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This sectoral approach, which is still largely used today to varying degrees, is 
characterized by governmental agencies and departments responsible for natural resources 
and ocean/coastal-related activities being given authority and oversight over some particular 
type of  activity, such as mining or fishing. This may lead those authorities to adopt a narrow 
focus, concerned with increasing production of  desired commodities299 without giving due 
regard to their impact on other uses. 

In situations where resources are unlimited, where interactions among user groups are 
not an issue, and where significant environmental impacts do not occur, such an approach to 
governance might work. But in reality, such an approach to the use of  the natural 
environment and its resources has proved to be dysfunctional due to the individual and 
cumulative impacts of  different activities and mutual interferences among different users, 
which generate negative externalities that disrupt the workings of  natural systems. The 
discharge of  waste in coastal waters by manufacturers of  chemical products, for example, 
can be directly harmful to fisheries and/or be indirectly destructive by altering the habitat 
that sustains fisheries. 

As a result, it is now generally accepted that managing ocean-related activities in a more 
systematic and integrated way includes the need for policies that would move beyond 
improved sectoral management to also integrate diverse uses of  the oceans across different 
sectors, balancing social, economic and environmental concerns through integrated planning 
processes. This implies the need for both modern sectoral management and intersectoral 
coordination. Sectoral and multisectoral approaches, in fact, are not mutually exclusive in the 
implementation of  an ecosystem approach.  

Moreover, applying an ecosystem approach to the management of  ocean-related activities 
requires an understanding of  the fundamental, underlying mechanisms that drive human 
behaviour, and more specific knowledge of  how humans use and encroach upon marine 
ecosystems directly and indirectly for social, cultural, and economic benefits. Failure to 
understand these mechanisms and to heed their signals may limit the results of  efforts to manage 
human uses of  marine ecosystems and achieve societal goals and objectives. Ecosystem 
approaches are therefore designed and executed as adaptive, learning-based, processes. An 
example of  how this is done at the regional level is provided in Box 17. 

In an ecosystem approach, the associated human population and economic and social 
systems are seen as integral parts of  the ecosystem. Most importantly, ecosystem approaches 
are concerned with the processes of  change within living systems applying the principles of  
the scientific method to the processes of  management. 

 
299  Lévy, J.-P., “Towards an Integrated Marine Policy in Developing Countries,” Marine Policy 12, 1993, pp. 326-342;  

Sorensen, J. and S.T. McCreary, Institutional Arrangements for Managing Coastal Resources and Environments, Washington, D.C., 
National Park Service, 1990;   Juda, L., “Changing National Approaches to Ocean Governance: the United States, Canada, 
and Australia,” Ocean Development and International Law 34, 2003, pp. 161-187. 
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This Module is aimed at addressing the application of  an ecosystem approach with 
particular emphasis to governance, as well as socio-economic aspects involved in its 
development and implementation.  

 

Box 17: Governance challenges in the Benguela  
   current large marine ecosystem 

The Benguela Current LME exemplifies a central tenet of an ecosystem approach, namely 
that the priority issues that must be addressed to restore and sustain the qualities of a 
marine ecosystem are rooted in the design and implementation of a reformed governance 
structure and a new planning and decision-making process. The diagnostic analysis 
conducted for the project identified seven priority issues in the region: (i) decline in 
commercial fish stocks; (ii) uncertain ecosystem status; (iii) inadequate capacity to assess 
the ecosystem; (iv) deterioration in water quality; (v) habitat destruction and alteration; 
(vi) loss of biotic integrity; and (vii) harmful algal blooms. According to the analysis, there 
are seven generic root causes of these issues, most of which originate in the human 
dimensions of the ecosystem. The seven root causes are: 

1.   A complex and variable ecosystem, reflected by the changing state of The Benguela 
Current, and complicated by inadequate information and difficulty in monitoring and 
assessment; 

2.   Inadequate capacity development (human and infrastructure) and training, 
institutional downsizing and brain drain, and limited inter-country exchange; 

3.   Poor legal framework at the regional and national levels, with regionally incompatible 
laws and regulations, ineffective environmental laws and regulations; 

4.  Inadequate implementation of available regulatory instruments, due in part to 
inadequate compliance and enforcement (overfishing, pollution), indifferent and poor 
communication, and posts in relevant institutions not being filled; 

5.   Inadequate planning at all levels, including inadequate intersectoral planning, poorly 
planned coastal developments, the limited time available to the planners, and rapid 
urbanization; 

6.   Insufficient public involvement, lack of awareness and public apathy, and conflicts about 
rights to access; and 

7.   Inadequate financial mechanisms and support, due to low country GDP’s, ineffective 
economic instruments, insufficient funding for infrastructure, management, and 
salaries; 

It is important to note that the last six of the seven root causes present challenges that require 
socio-economic analysis and governance reforms. The importance of socio-economic and 
governance issues are again borne out in the project’s Strategic Action Programme, which calls 
for the reforms and actions that also stem from a governance and socio-economic analysis. In 
summary, capacity-building, regional collaboration, policy development and harmonization are 
overarching actions that require knowledge of governance capacity analysis, institutional 
design, interdisciplinary collaboration and socio-economics. 
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(a)  Why is management of  ocean-related activities needed and what are the forces 
that have led to reconsideration of  management efforts? 

(b)  What are they key characteristics of  an ecosystem approach to the 
management of  ocean-related activities? 

Summary of key ideas 

(a)  The pattern of  management of  ocean-related activities has changed and 
continues to evolve as it becomes apparent that existing management schemes 
have shortcomings. 

(b)  Consideration of  ocean management trends demonstrates a movement toward 
integrated and ecosystem approaches to the management of  activities in ocean 
and coastal areas. 

(c)  Applying an ecosystem approach to the management of  ocean-related 
activities requires an understanding of  the fundamental, underlying 
mechanisms that drive human behaviour. Failure to understand these 
mechanisms may limit the results of  management efforts. 

Questions for discussion 

2. The concept of governance 

In broad terms, governance may be defined as the formal and informal arrangements, 
institutions, and practices that influence and shape decisions and actions with respect to: 

(a) How resources or the environment are utilized, 

(b) How problems and opportunities are evaluated and analyzed, 

(c) What behaviour is deemed acceptable or forbidden, and 

(d) What rules, incentives, and sanctions are applied to affect the pattern of  use300  

In this framework, governance needs to be understood to be more than government and 

traditional systems of  command and control. Rather, it encompasses three key, general 

mechanisms: government, the marketplace, and civil society.301 These mechanisms interact 

with one another in an ongoing, continuing pattern of  dynamic interrelationships. Through 

 
300  Juda, L., “Considerations in Developing a Functional Approach to the Governance of  Large Marine Ecosystems,”  

Ocean Development and International Law 30, 1999, pp. 89-125.   

301  Ibid.; Juda, L. and T. Hennessey, “Governance Profiles and the Management of  the Uses of  Large Marine 
Ecosystems” Ocean Development and International Law 32, 2001, pp. 43-69. 
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the pressures they generate, they individually and cumulatively influence and shape use 

behaviours (Figure 7). 

The concept of  governance is of  central importance for the transition process toward an 

ecosystem approach to the management of  ocean-related activities because effective 

management will need to alter human behaviour, discourage patterns of  conduct that are 

damaging ecosystems and encourage patterns of  conduct that are in harmony with the 

functioning of  natural processes. In this regard, ecological and socio-economic systems are 

dynamically interlinked.302 The significance of  governance lies in the fact that it shapes the 

manner in which individuals and groups think about and approach the use of  resources and 

the environment. 

Human use of  the marine environment and its resources is shaped by human perception 

of  the environment, by culture and experience, and by evaluation of  the benefits and costs 

of  acting in particular ways. This process is not limited to assessments of  economic costs 

and benefits, but incorporates legal risks and social, cultural, and psychological factors, as 

well. The significance of  governance is in its capacity to alter individual and group 

perception, evaluations, and consequent behaviour so as to further sustainability of  natural 

systems through effective management in the context of  an ecosystem approach. In this 

context, governance provides the means of  changing the pattern of  human uses of  the 

ocean environment. 

Ultimately, an ecosystem approach is about managing human activities in the natural 

environment. While an understanding of  ecosystem dynamics and the environmental 

consequences of  human uses will clarify which activities and practices need to be addressed, 

altering human behaviour necessitates the additional insights that come from the social and 

behavioural sciences. Not only is it necessary to consider how an ecosystem functions, how it 

is used, and with what effects, it is also necessary to understand why it is used in particular 

ways. Why, for example, is waste deposited in the world’s oceans? Why is a particular gear type 

utilized, or practice followed, in capture fisheries? Obtaining answers to such questions is 

crucial to changing behaviour patterns, since those answers may be suggestive of  the need for 

different approaches, e.g., education, enforcement, or the creation of  new incentives. 

 
302  Levin, S.A., “Learning to Live in a Global Commons: Socioeconomic Challenges for a Sustainable Environment”,  

Ecological Research 21, 2006, pp. 328-333. 
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Figure 7:  Key Governance Mechanisms 
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Pernetta and Mee have noted the importance of  identifying the “root causes” and 

“causal chains” associated with the use of  the natural environment.303 In their view, what is 

required is an understanding of  the underlying relationships of  environmental problems and 

society’s perceptions and practices. Once root causes are analyzed and relationships are 

understood, appropriate change can be advocated. In a specific site-by-site context, the 

essential question requiring careful consideration is: how is it possible to induce and, 

therefore, advance changes in human use so as to ensure ecosystem sustainability and, thus, 

the continued availability of  desired ecosystem goods and services? (see Module IV). 

 
303  Pernetta, J. and L. Mee, The Global Waters Assessment, GIWA, 2001. 
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2.1  The role of government 

In this governance perspective, government is a very important player since it has the 

advantage of  possessing legitimate authority and typically has control over a significant 

portion of  natural resources (see also sect. 5 below). Moreover, it has the ability to structure 

the legal framework in which human activity proceeds within a State and it possesses varying 

degrees of  enforcement capability. 

Government regulation and policy, whether at a local or national level, can and does 

affect human behaviour. For example, regulatory efforts making use of  area-based 

management tools (see Module IV), marine protected areas, spatial planning, ocean zoning, 

and licensing, can channel efforts along desired paths, for instance, by allowing particular 

uses or activities such as fishing or aquaculture in certain areas and forbidding them in 

others. 304  Furthermore, governments may mandate the use of  environmental impact 

assessments, in order to assess the potential impacts on the environment of  various uses 

prior to providing the necessary permits or authorization for particular activities, such as 

sand mining or coastal development. 

With its potential to impose fines or even imprisonment for violations, government can 

act to discourage undesired behaviour. Beyond such measures, tax policies and subsidies can 

provide incentives for desirable types of  conduct, such as treatment of  wastes prior to their 

release into the environment or the use of  environmentally sound fishing gear. In addition, 

through its programmes, government can direct a substantial portion of  society’s resources 

so as to promote objectives, such as environmental protection or fishery conservation. But 

in the long run, and perhaps most importantly, through education and outreach, government 

can further environmental and ecosystem awareness that can be internalized by the wider 

public and contribute to changing patterns of  conduct. 

 
304  On the growing interest in ocean zoning, see Norse, E.A., “A Zoning Approach to Managing Marine Ecosystems,”  

B. Cicin-Sain and C. Ehler and K Goldstein (eds.), Workshop on Improving Regional Governance in the United States, Washington, 

D.C., 2003, pp. 53-57;  Doherty, P.A. and M. Butler, “Ocean Zoning in the Northwest Atlantic” Marine Policy 30, 2006,  

pp. 389-391;  UNESCO “International Workshop on Marine Spatial Planning, Paris, 8-10 November 2006, A Summary” 

Marine Policy 31, 2007, pp. 582-583;  Boyes, S.J., et al., “A proposed multiple-use zoning scheme for the Irish sea”  

Marine Policy 31, 2007, pp. 287-298;  Portman, M.E., “Zoning Design for Cross-border Marine Protected Areas: The Red 

Sea Marine Peace Park case study”, Ocean & Coastal Management 50, 2007, pp. 499-522. 
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2.2  The role of the marketplace 

The marketplace and economic activity have long been viewed with concern by those 

interested in environmental protection. There is no doubt that the profit motive is powerful 

in affecting how the environment and its resources are utilized, and the ways in which 

resources are exploited. Without any restraints, the marketplace may be rapacious in its 

short-term focus on profits and the utilization of  the environment and its resources. This 

may create considerable costs to the environment in terms of  negative externalities and 

natural system degradation (see also sect. 6 below). But typically, the marketplace operates 

within some site-specific system of  constraints established by government and social forces. 

For example, environmental laws may forbid the disposal of  waste and necessitate 

treatment of  residue from industrial processes, require the use of  protective measures to 

limit pollution or interference with other users of  the environment, or require users to 

undertake environmental impact assessments and to hold public hearings prior to expansion 

of  activities or the initiation of  new activities. In addition, non-governmental groups may 

bring economic and political pressure to bear to ensure that community values are respected. 

2.3  The role of civil society 

Civil society has been widely recognized as an important aspect of  governance305 and can be 

viewed as being composed of  the social norms, institutions and NGOs present in a country.  

Social norms have been described as “culturally influenced structures that constrain and 

otherwise influence individual behaviours”.306 Over time, these norms are subject to change 

and consideration needs to be given to how to advance those that support the sustainable 

use of  the environment and how to eliminate those that undermine sustainability. In this 

regard, civil society plays an important role in the socialization process, shaping the values 

and everyday practices of  a State’s population, including through education and outreach 

programmes (see also sect. 7.5 below). 

 
305  See PEMSEA “Putrajaya Declaration of  Regional Cooperation for the Sustainable Development of  the Seas of  East 

Asia”, 2003, at www.pemsea.org; UNEP, Natural Allies: UNEP and Civil Society, 2004, see www.unep.org.   

306  S.A. Levin, supra note 302. 
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2.4  Need for site-specific understanding of governance arrangements 

The mix, character, and influence of  the three identified governance mechanisms  

(i.e., government, the marketplace, and civil society), are site specific and vary from place to 

place. In this respect, each State and each region has its own “governance profile,” with a 

unique blend of  characteristics. 

Some governmental systems are highly centralized, others are less so, with powers 

granted to sub-national units of  government. The resources available to 

governmental units in terms of  funding, personnel, and expertise may vary 

enormously and limited capacity may severely restrict the capacity of  government to 

influence user behaviours. 

The operation of  the economy and marketplace may also be in sharp contrast in 

different regions. Economies that are locally based may have different characteristics 

than those that are export-oriented, with different weights given to the ecological 

implications of  economic activity. And, in more traditional societies, socially and 

culturally determined constraints may have greater weight than government in 

influencing behaviour. 

Accordingly, the relative role of  each of  these key mechanisms must be identified 

and evaluated within the particular historical, cultural, and political context of  different 

regions, States, and communities. What works well in one setting may not work well in 

another.  Collectively, the three governance mechanisms have access to a wide variety of  

tools that may be used to influence behaviour; a very simple scheme, indicating some of  

the general tools that may be utilized by governance mechanisms, is found in Box 18 

below.  Selecting an appropriate mix of  tools necessitates solid understanding of  the 

society in which an ecosystem approach is being developed. Consideration must be given 

to laying out and developing these and other options and evaluating their fit and utility in 

particular contexts. 
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Box 18:   Governance mechanisms and examples  
of the tools available to them 

Government resources available to influence behaviour include:  

 Laws and regulations 
 Government programmes 
 Taxation policies 
 Education and outreach 

Marketplace influences will vary, but could include:  

 Profit motive 
 Ecosystem goods and services valuation 
 Eco-labeling 

Civil society could play important roles in regards to:  

 Socialization processes 
 Framing of issues 
 Constituency roles 
 Co-management 

 
 

 

Summary of key ideas 

(a)  Governance is of  crucial importance to the process of  transition towards the 
development and implementation of  an ecosystem approach. 

(b)  Governance encompasses the formal and informal arrangements, institutions, 
rules and customs that shape how humans interact with the natural 
environment. 

(c)  Governance is more than just government. The key mechanisms of  
governance are: government, the marketplace and civil society.  Each 
mechanism can play a valuable role in influencing human behaviour with 
respect to the natural environment. 

(d)  Governance arrangements and capabilities vary from country to country and 
must be understood to be site specific. 

Questions for discussion 

(a)  What is the relative significance of  the three major governance mechanisms? 

(b)  What are the governmental structures and practices required to advance an 
ecosystem approach to the management of  ocean-related activities? 

(c)  What are the ways in which the economy of  your State operates? What types 
of  governmental and social constraints influence the local economy? 

(d)  What are the major social forces in operation and their relative societal 
influence in your country that could affect ecosystem use? 
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3. Equity and sustainable development 

The World Bank, in its World Development Report 2006, Equity and Development, concluded that 

unequal opportunities are “truly staggering on a global scale”. There are huge disparities 

within and across countries in individuals’ opportunities for life itself, for education, for 

health, and for quality of  life. These disparities are correlated with nationality, race, gender, 

and social-economic status. 

Limiting individuals’ opportunities to realize their full potential in turn limits their 

collective ability to achieve sustainable development. In other words, there is a 

complementary relationship between unequal opportunities and sustainable growth and 

development. The Report explained that poorer segments of  society often do not have 

access to the markets for credit, insurance, human capital, land and other natural resources. 

These imperfect and missing markets limit the ability of  individuals to use their labour, 

capital and natural resources in the most productive ways. In addition, unequal opportunities 

tend to result in institutions and arrangements that protect and favour those groups with 

more economic and political influence. These inequities can severely limit the ability of  the 

poorer, disadvantaged, groups to exploit their talents and contribute to sustainable 

development. 

The Report also highlighted that “to prosper, a society must create incentives for the vast 

majority of  the population to invest and innovate”. While capital markets, for example, allow 

anyone – regardless of  their wealth or status – with a profitable investment opportunity to 

either borrow money or use collateral of  an asset to finance the investment, these markets 

are not perfect, however. Access to credit is not equally distributed, and differences in 

interest rates among borrowers and lenders are arbitrary. Title and security of  tenure to land 

and other valuable property are often reserved for privileged individuals, and discrimination 

and stereotyping limit the opportunities for education and employment in human capital 

markets. 

Markets for marine ecosystem resources are imperfect in similar ways. In some countries, 

exclusive rights to harvest fish are awarded for free only to owners of  fishing vessels. 

Crewmen and other individuals who have a material stake in the fisheries do not have the 
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opportunity to secure these harvest rights. For example, South Africa is currently reallocating 

fishing rights to historically disadvantaged individuals who did not have access to resources 

under apartheid on racial grounds. 

Economic and political institutions establish the incentives and constraints faced  

by individuals when they engage in market transactions. These institutions, which result 

from complex historical processes, often protect the opportunities and interests of  

privileged groups. The imperfections in markets also tend to favour privileged interests. 

These imperfections then lead to social conflict and impede progress towards sustainable 

development of  environmental and natural resources, including marine ecosystems 

resources. 

As coastal States attempt to overcome problems of  overexploitation, pollution and 

habitat degradation in marine ecosystems, new governance regimes and arrangements would 

need to be developed. The principal message from the World Bank Report for marine 

ecosystem governance is that equity matters. Creating governance institutions that offer 

opportunities to all individuals in society will improve the prospects for the sustainable 

development of  marine ecosystem resources and improve the prospects for mitigating the 

ravages of  poverty that persist in many of  these coastal areas. 

Marine ecosystem governance policies could strengthen opportunities for 

participation by poor and disadvantaged groups in gaining access to and use of  marine 

ecosystem resources. This will not be easy or accomplished swiftly, for even new marine 

ecosystem governance institutions and arrangements will be linked to existing economic 

and political institutions. The extent to which there is equity with respect to credit, 

insurance, human capital, and land and natural resource markets, will determine the 

degree to which equity can be incorporated in marine ecosystem governance institutions 

and arrangements. 
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(b)  Creating ocean governance institutions that offer opportunities to all 
individuals in society will improve the prospects for the sustainable 
development of  marine ecosystem and improve the prospects for mitigating 
poverty in many coastal areas. 

(c)  New marine ecosystem governance policies could strengthen opportunities for 
participation by poor and disadvantaged groups in gaining access to and use of  
marine ecosystem resources. 

(d)  The extent to which there is equity with respect to credit, insurance, human 
capital, and land and natural resource markets, will determine the degree to 
which equity can be incorporated in marine ecosystem governance institutions 
and arrangements. 

Questions for discussion 

(a)  What obstacles are there to achieving sustainable development in our country? 
Are unequal opportunities an issue to be addressed when developing a marine 
ecosystem governance policy? If  so, describe them and their causes. 

(b)  What measures limit the opportunities of  people to access the markets for 
marine ecosystem resources? What about the markets for credit, insurance, 
human capital, and land? 

Summary of key ideas 

(a)  Social and economic inequities limit individuals’ opportunities to realize their 
full potential and, in turn, limit their collective ability to achieve sustainable 
development. 

 

4.  Applying an ecosystem approach in a socio-economic context  

As noted previously, there is no single way to implement an ecosystem approach, as it 

depends on local, national, regional or global conditions. In fact, different ecosystem 

approaches are currently being developed and implemented in many countries and in a 

variety of  contexts (see Modules I and IV). 

Efforts to manage resources and the environment in the context of  ecosystems are 

about managing human behaviour in relation to the natural world. People, with their 

increasing numbers and intensifying use of  resources and more sophisticated technologies, 

are impacting the environment and marine ecosystems as never before. An ecosystem 
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approach is not simply about science; it requires a very significant shift in human mindsets 

and behaviour. Therefore, those developing and implementing ecosystem approaches should 

pay careful attention to human institutions, organizations, activities, values, and their 

implications for the ecosystems and resources for which protection is sought. 

An ecosystem approach also implies a change in the availability of  socio-economic 

benefits to be derived from marine ecosystems. Both human and ecological systems are 

composed of  complex webs of  interrelated components and processes. Interactions occur 

within each respective system and also between systems. It is necessary to view the natural 

environment and related human dimensions as a set of  interrelated components and 

processes rather than as isolated elements that act independently. This Module aims to 

provide guidance on how to develop and implement ecosystem approaches that are best 

suited to the socio-economic contexts of  marine ecosystems. The “socio-economic context” 

refers to the circumstances and conditions of  the people who use and depend on marine 

ecosystem resources, and the institutions that govern their interactions with marine 

ecosystems. 

The socio-economic aspects of  a marine ecosystem are important for developing and 

implementing an ecosystem approach. The analysis below assumes that there exists at least a 

rudimentary system (formal or informal) for developing and implementing management 

regulations that govern human uses of  ecosystem resources. The socio-economic context 

assumed, however, is broad and varied – allowing for a wide range of  conditions – from 

traditional to modern, underdeveloped to developed, etc.   

The sections below adopt the same framework used above to analyze the concept of  

governance, in order to categorize the forces that influence the interactions of  humans with 

the natural components of  an ecosystem (see sect. 2 above). That framework is based on 

three basic mechanisms that drive and shape humans’ use of  and encroachment upon 

ecosystem resources: markets, government, and the institutions and arrangements of  civil 

society. Individually and collectively these three mechanisms affect how humans use and 

otherwise interact with a marine ecosystem.  

The remainder of  this Module will illustrate how socio-economic analysis can be applied 

to describe, understand and explain how these three mechanisms function, and how they 

interact with one another. 



 Governance and socio-economic aspects of ecosystem approaches 
 

 

141

 
                                                

5.  Role of government 

In the context of  marine ecosystems, governments are primarily involved in: setting and 
enforcing the rules for the use of  natural resources, business practices; recognizing and 
protecting property rights; and producing goods and services.  

As explained above, markets can over-stimulate activities that generate negative spill-

over effects in a marine ecosystem where one party’s actions impose costs on other 

parties. In addition, markets can fail to provide sufficient quantities of  public goods  

(see sect. 8 below).  

Government policies aimed at correcting market failures generally assign functions  

to governmental agencies to produce specific outputs that are expected to correct the 

market’s shortcomings. These activities and outputs include regulatory services (e.g., fishery 

and environmental management regulations), public goods (e.g., research, enforcement),  

and administering transfer payments (e.g., subsidies, social welfare). The application of   

an ecosystem approach will necessarily involve various forms of  governmental activities  

and outputs. 

5.1  Political dynamics of regulatory policy 

To improve the prospects for success of  government interventions, it is useful to understand 
how governmental policies, programmes and regulations are produced, and assess whether 
the underlying incentive structure drives success or failure of  such interventions. In this 
respect, it can be noted that incentives shape the behaviour of  resource users and consumers, 
and the behaviour of  public officials and government organizations. Through an analysis 
and understanding of  the challenges faced by the public sector, the success of  government 
processes and policies can be enhanced. 

The features of  governance systems that lead to undesirable outcomes include the short-

term priorities of  government officials and of  users of  ecosystem resources, the effects of  

special interests, voters’ ignorance of  issues, the “de-coupling” of  costs and benefits, and 

bureaucratic inefficiencies.307 In this respect, special-interest effects occur when a relatively 

small number of  citizens or foreign parties make large individual gains, in terms of  their 

 
307  Olsen, S.B., et al., A Handbook on Governance and Socioeconomics of  Large Marine Ecosystems, Kingston, University of  

Rhode Island, Coastal Resources Center, 2006, is available from www.iwlearn.net/abt_iwlearn/pns/learning/lme-gov-
handbook.pdf. 
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interests, at the expense of  a large number of  citizens who bear small individual losses. 

Special interests gain disproportionate power relative to their numbers because they can provide 

campaign funds, publicity, and deliver voters who are passionate about a particular issue.  

It is noted that special-interest effects occur in settings that are usually less democratic 

than in the simplified system of  governance assumed above. The World Bank’s report on 

Equity and Development demonstrated that economic and political institutions in many 

countries protect the opportunities and interests of  privileged groups. The imperfections in 

markets and governing institutions that result often lead to social conflict, and impede 

progress towards sustainable development of  environmental and natural resources. 

Politicians tend to focus on short-term priorities because they face short re-election 

cycles that range from two to six years. Accordingly, they are concerned about the 

consequences of  policies and programmes before the next election and long-term 

consequences tend to carry little weight in their calculations. They regularly enact special 

legislation and appropriations for fisheries, and periodically attempt to directly influence the 

contents of  fishery management plans. 

Short-term priorities are also present on the demand side. For example, fishing interests 

in most managed fisheries tend to be short-sighted when it comes to fishery management 

policy. In an open-access fishery, fishermen have no secure claim on the future outcomes; 

that is, they have no assurance that they will reap benefits that may accrue from short-term 

sacrifices. By comparison, fishermen in rights-based fisheries are expected to focus less on 

short-term priorities. Fishermen are also influenced by great uncertainty over future fishery 

policies, fish stocks and markets.  

The focus on the short-term from both the demand and the supply sides of  the political 

marketplace combine to favour legislation that provides easily identified current benefits at 

the expense of  future costs that are complex and difficult to identify. Conservation, which 

requires short-term sacrifice in exchange for long-term gains, tends to be disfavoured in this 

environment. 

Another characteristic that strongly influences management policies and outcomes is de-
coupled benefits and costs. For many governmental policies and programmes, those who 
benefit are not those who pay the cost of  a programme. For other policies and programmes, 
benefits accrue at a different point in time from when costs are incurred. For example, a 
fishing closure will have immediate impacts on local fishermen, whereas benefits may take a 
long time to materialize and may be more broadly distributed (e.g., improved fishing, a boost 
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in diving tourism, recreational fishing, etc.) In short, who pays and how they pay for 
management services influences the policies and the economic performance of  a fishery.308  

These two characteristics of  short-term priorities of  the principal actors, and de-coupled 
benefits and costs have a powerful influence on the choice of  management policies and 
often work against the adoption of  effective conservation policies. The structure of  the 
management system tends to disfavour effective conservation policies, because they 
concentrate on short-term costs upon resource users in exchange for benefits in the future 
that would not necessarily accrue to users making the sacrifice. 

The political marketplace favours policies and programmes where benefits are 
distributed to a few and the costs are borne by the majority – taxpayers. Policies and 
programmes with short-term benefits, and costs to be borne in the future are also favoured. 
The political marketplace disfavours policies and programmes for which costs are 
concentrated on a few and benefits accrue to many, as well as policies and programmes with 
short-term costs in exchange for future benefits. With these types of  incentives, the political 
marketplace cannot be expected to produce effective conservation policies, since those who 
sacrifice in the present cannot expect to receive benefits in the future. In the end, the 
incentive structure is biased against conservation and sustainable development of  marine 
ecosystems. 

 

(b) If  not properly designed and managed, government institutions and 
organizations can negatively affect the implementation of  an ecosystem 
approach. 

(c) The features that lead to undesirable governance outcomes include the short-
term priorities of  elected officials and of  users of  ecosystem resources, the 
effects of  special interests, voter ignorance of  issues, de-coupling of  costs and 
benefits, and bureaucratic inefficiencies. 

Summary of key ideas 

(a) In the context of  marine ecosystems, governments are primarily involved in 
setting and enforcing the rules for the use of  ecosystem resources, recognizing 
and protecting property rights. 

 

 
308  Andersen, P., and J.G. Sutinen, “Financing Fishery Management: Principles and Economic Implications”,  

W. Shrank, R. Arnason and R. Hannesson (eds.), The Cost of  Fisheries Management, Hants, England, Ashgate Publishing, 2003, pp 45-63. 
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(g)  What special interest groups influence the policies and programmes that affect 
human uses and activities in your marine ecosystems? 

Questions for Discussion 

(a) What human activities and uses of  resources in your marine ecosystem are 
regulated? 

(b) What levels of  government are involved in regulating these human activities and 
uses? 

(c) What are some of  the principal government agencies that regulate the use of  
marine ecosystems and their resources? 

(d) What are the relevant policies and regulations, and how are they intended to 
affect human uses? 

(e)  How, in practice, are these policies and regulations working to affect the uses, 
and how have these policies and regulations affected the condition of  your 
marine ecosystem(s)? 

(f)  Are there policies and/or programmes that are counter-productive and harm 
the condition of  your marine ecosystem(s)? If  so, what are they? How should 
they be changed in order to be supportive of  an ecosystem approach? 

6. Economic aspects 

The question of  economic sustainability is of  central importance to the success of  an 
ecosystem approach. Economic conditions and trends affect decision-making and, as a 
consequence, impact both people and environment. Markets, where goods and services are 
exchanged and profits are sought, play a major role in governing how marine ecosystem 
resources are used. Markets, too, are linked to the organizations and institutions of  
government and civil society – the other two forces shaping humans’ interactions with 
natural ecosystems. This section explains in brief  some of  the fundamental economic forces 
that drive human use of  natural resources, and how those forces may affect the status of  
marine ecosystems  and thus the application of  an ecosystem approach. 

6.1 How markets impact ecosystems 

Markets are the mechanism upon which economies are built. They produce great 
improvements in terms of  people’s well being, but they may also generate negative impacts – 
especially to natural ecosystems. 
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Markets offer the prospects of  substantial economic gains and are the principal drivers of  
excessive extraction of  natural resources and disposal of  damaging pollutants. The evidence of  
the ecological costs that market-driven economic activity has caused is frequently reported by 
news media including: overexploited and collapsed fish stocks, marine pollution, harmful algae 
blooms, dying coral reefs, dead coastal zones, deforestation, endangered species, human-
induced global warming with the consequent threat of  rise in sea-level. The long-term well-
being of  the human communities whose economic activities are supported by marine 
ecosystems is, in turn, threatened by the degradation of  those ecosystems.  

Markets harm our ecosystems because they do not tell the “ecological truth”.309 In other 
words, market prices do not reflect the full cost of  producing products from ecosystem 
resources. They cover the cost of  capital and labour, but do not cover the costs of  reducing 
a fish stock, of  damaging habitats, of  waste disposal and pollution, and other ecological 
costs. The resulting relative low prices and costs drive consumers to demand more and 
suppliers to produce more ecosystem products. The consequence is excessive levels of  
economic activities that ultimately threaten the sustainability of  the ecosystems upon which 
they depend. 

In addition, marine ecosystems resources are considered common or public resources. For 
example, in the case of  fisheries, no individual producer (fisher) has the right to exclude other 
producers from harvesting (or otherwise using) any part of  the resource – a situation known as 
“open access”. From an individual producer’s perspective, a decision to leave fish to grow and 
reproduce is made at the risk of  losing the fish to other producers. Thus, there is no incentive 
to conserve the resource for future use, since no producer has exclusive use. “Open access” of  
marine fisheries is the fundamental cause of  overexploitation in modern fisheries. 

What happens to common resources in the oceans is the purest form of  what has 
become known as the “tragedy of  the commons”, after an essay published in Science in 1968 
by ecologist Garret Hardin (see Box 19). The tragedy of  the commons recognizes that free 
access and unrestricted demand for a finite resource ultimately, and structurally, leads to 
over-exploitation of  the resource. While national and international regulations aim at the 
sustainability of  resource uses, problems relating to compliance and enforcement often allow 
for such a “tragedy” to be perpetuated. The phenomenon is particularly acute in coastal and 
marine ecosystems.   

 
309  Brown, L., Eco-Economy: Building an Economy for the Earth, Earth Policy Institute, 2001, is available from www.earth-

policy.org. 
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Box 19: The tragedy of the commons 

The term “tragedy of the commons” derives originally from a comparison noticed by the 19th-
century British political economist William Forster Lloyd regarding the over-exploitation of 
common pastures in England compared with enclosed land. 

The tragedy of the commons, as defined by Hardin, works as follows. In the case of a pasture 
that is open to all, each human exploiter of the common will try to maximize their yield, and so 
will increase their herd size whenever possible. This arrangement may work for years because 
war, poaching or diseases will keep the numbers of humans and animals below the carrying 
capacity of the land. At the moment when equilibrium is established, tragedy begins. Each 
herder will ask themselves what they have to gain by adding one cow to the common, compared 
with the loss they will make by overloading the pasture. The gain will always be greater to the 
herder, and the loss, because it is shared, less. In fact, the utility of each additional animal has 
both a positive and negative component: positive, as the herder receives all the proceeds from 
each additional animal; negative, as the pasture is slightly degraded by each additional animal. 
It follows that the division of these costs and benefits is unequal: the individual herder gains all 
of the advantage, but the disadvantage is shared among all herders using the pasture. The 
rational course of action for each individual herder is to add an extra animal, but since all 
herders reach the same rational conclusion, over-exploitation and degradation of the pasture is 
its long-term fate.  

Nevertheless, it is important to note that anarchy did not prevail on the common pastures of 
medieval England in the way described. The commoners organized themselves and the 
pastures were protected from over-exploitation by the tradition of “stinting”, which limited 
each herder to a fixed number of animals. 

Therefore, a managed common, though it may have other defects, is not automatically subject 
to the tragic fate of the unmanaged commons. 

Clover, C., The End of the Line, London, 2004. 

 

6.2  Impacts of economic activities on ecosystems 

An ecosystem approach requires that current management processes include a broader range 
of  users of  the ecosystem (including both extractive and non-extractive users) in 
deliberations and decision-making and, through improved participatory processes, broader 
assessment and consensus among users, whose objectives frequently compete. The process 
needs to take into account more effectively the interactions between various activities and 
ecosystems, and the fact that both are affected by natural long-term variability.  

Because of  the variety of  activities in marine ecosystems, efforts may be required to 
successfully monitor and manage them. One of  the first steps in this process is to determine 
which activities are taking place, their relative and cumulative impacts and their socio-
economic relevance. This may help managers by providing evidence of  which impacts are 
the most detrimental to the area and need to be addressed; creating baseline data that can be 
used to determine any changes in impacts over time (it can also help determine the impacts 
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of  management decisions); creating standards, or levels at which impacts are to be kept; and 
justifying management decisions. 

The economic activities that contribute most to a country’s gross domestic product and 

thus generate economic, social and cultural benefits commonly lie along the coasts. They 

include: shipping and maritime transport; oil and gas exploration and exploitation, including 

the use of  platforms and pipelines; mining and aggregate extraction; fisheries and 

aquaculture; coastal engineering and land reclamation; dredging and dumping of  wastes and 

litter; electrical power generation; human settlements and coastal industries (e.g. pulp  

and paper, iron and steel, chemicals and petrochemicals, and food processing operations); 

and recreation and tourism. These activities draw people to work and settle in, or visit 

coastal areas and often lead to the degradation and loss of  coastal natural habitats, added 

waste disposal and pollution discharges to water bodies, overexploitation of  living marine 

resources, the introduction of  invasive alien species, pathogens, toxic contaminants, harmful 

algae blooms, and increased vulnerability to coastal hazards. Some examples of  the socio-

economic importance and impacts of  major coastal activities are presented below. 

6.2.1  Socio-economic importance of fishing activities and their impacts on ecosystems 

Fishery resources contribute to food security, poverty alleviation and the economy and well-

being of  many countries worldwide. In 2004, capture fisheries and aquaculture provided 

more than 2.6 billion people with at least 20 per cent of  their animal protein intake  

and employed an estimated 41 million fishers and fish farmers. Global capture  

fisheries production reached 95 million tons in 2004, with an estimated first-sale value of  

$84.9 billion.310 Fisheries are of  fundamental importance to developing countries as suppliers 

to world markets, accounting for 50 percent of  all fish exports. Their net export revenues 

from this trade have reached a record high of  US$25 billion. 311  Failing to maintain the 

exploitation of  fishery resources within sustainable limits therefore would have an impact on 

the role of  fisheries in economic development, poverty alleviation and human health. 

In recent years, world fisheries have become a dynamically developing sector of  the food 
industry, and many States have striven to take advantage of  their new opportunities by 
investing in modern fishing fleets and processing factories in response to growing 
international demand for fish and fishery products. It became clear, however, that many 

 
310  FAO, The State of  World Fisheries and Aquaculture, Rome, 2007. 

311  FAO, Half  of  world fish trade sourced from developing countries, Press Release, 2008. 
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fisheries resources could not sustain an often uncontrolled increase of  exploitation. Clear 
signs of  over-exploitation of  important fish stocks, modifications of  ecosystems, significant 
economic losses, and international conflicts on management and fish trade threatened the 
long-term sustainability of  fisheries and the contribution of  fisheries to food supply.312 It is 
in fact recognized that fishing is the activity with the greatest impacts on marine ecosystems. 
The FAO313 estimated that in 2005, one quarter of  marine fish stocks were overexploited, 
depleted or recovering from depletion; about half  were fully exploited; and one-forth could 
tolerate more catch.  There are many causes of  the deteriorating status of  these fish stocks. 
But overfishing, mainly due to over-capacity, and IUU fishing remain the greatest threats. The 
impacts of  destructive fishing practices on vulnerable marine ecosystems and certain kinds of  
subsidies to fisheries also exacerbate the impacts of  fishing activities (see also Box 28).   

From an economic perspective, it is important to note that the market prices of  the 
inputs (fuel, bait, labour, gear and other capital) and the prices of  fish products do not 
include the ecological costs of  stock and ecosystem depletion. Fishing operators typically 
pay no price to remove fish from the sea, yet there are costs in the form of  lower stocks and 
future yields, and in the form of  reduced biodiversity. There are also associated ecological 
costs from damage to habitats, and from mortality of  non-target species, including marine 
mammals and sea birds.  

Since producers do not have the ability to protect and conserve the resource for their 
own use, there is competition among producers to catch fish before others do so, driving the 
stock down below optimum levels. The draw of  perceived lower costs and greater net 
benefits brings more producers to the fishery, and induces each to apply more effort than is 
optimal for maximum economic performance of  the fishery. The resulting economic 
performance in the fishery is inferior. Although in contrast, the net benefits for all producers 
and consumers summed across all future periods could be greater with lower levels of  
fishing effort. 

From an economic point of  view, the major problems related to the fisheries sector 
derive from: inappropriate incentives, high demand for limited resources, inappropriate 
benefit distribution and lack of  economic alternatives. In particular, the latter raises serious 
concern for small-scale fisheries. If  there are few opportunities for alternative employment, 
particularly as local populations increase in size, then under conditions of  free and open 
access, overcapacity and overfishing are often inevitable. A kind of  equilibrium is likely to 
emerge only when returns have been severely depressed by a reduction in catch rates due to 
a decrease in stock size. Lack of  alternatives may also encourage non-compliance and induce 

 
312  FAO, The Ecosystem Approach to Fisheries, Technical Guidelines for Responsible Fisheries, Rome, 2003. 

313  FAO, supra note 310. 
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governmental institutions to be unwilling or unable to address the situation. Where 
alternatives lack, an economically-efficient management system may also generate strong 
feelings that it is inequitable, thereby increasing the social dimension of  non-sustainability.314  

6.2.2  Marine and coastal pollution and habitat degradation from human activities 

Pollution is a major negative impact of  economic activities. Many competing uses of  coastal 
zones and ocean areas, such as land-based activities (see Box 20 below), fishing, shipping 
activities, and the exploration and exploitation of  minerals, may pollute marine ecosystems. 

Major types of  marine pollution include marine debris, oil spills, ocean dumping and the 
introduction of  alien invasive species. Marine debris consists of  persistent materials, such as 
plastic, polystyrene, metals and glass that slowly degrade and persist in the marine 
environment for long periods of  time. Lost or discarded fishing gear and other forms of  
solid waste material, in particular plastics, kill and injure large numbers of  marine mammals, 
sea turtles and sea birds by ingestion or entanglement. Oil is discharged from shipping, 
offshore exploration and exploitation operations, and pipelines. The incidence of  accidental 
oil spills can be controlled, but never eliminated altogether, since nearly 60 percent of  the 
world’s oil is shipped by sea before being consumed. Many of  the oil spill hot spots are in 
heavily-trafficked marine ecosystems. There are also oil discharges from sunken, grounded 
or abandoned ships, from offshore drilling platforms, and from pipelines. Ocean dumping – 
the deliberate disposal at sea of  material or substances of  any kind – accounts for about 10 
percent of  marine pollution. The materials commonly dumped at sea include dredged 
materials, industrial waste, sewage sludge, mine tailings, decommissioned vessels, residues from 
chemical industries, ash from power stations and other un-recycled wastes, and fish waste. 

Although some level of  pollution is accidental and unintentional, a substantial portion 
of  discharges are deliberate. Industries, households, and even municipalities use water bodies 
as convenient places to dump sewage and industrial wastes. In addition, there are indirect, 
diffuse sources in the form of  run-off  from agricultural fields, silviculture, urban storm 
drains, and individual disposal systems. Those who deliberately discharge these wastes into 
the marine environment are often unaware of  the indirect ecological costs of  their 
discharges on the ecosystem. They view the discharge of  waste as free or allowed for 
nominal charges, which do not reflect the full ecological cost of  the harm. As a result, 
businesses and households produce more waste than they otherwise would if  the costs of  
disposal were higher.  

 
314  Cunningham, S. and J. Maguire, “Factors of  Unsustainability in Fisheries”, FAO Fisheries Report 672, International 

Workshop on Factors contributing to Unsustainability and Overexploitation in Fisheries, Bangkok, 4-8 February 2002.  
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Box 20: Marine and coastal pollution from land-based activities 

According to the Global Environmental Outlook 4 (UNEP 2007), nutrient pollution from 
municipal wastewater treatment plants and from agricultural and urban non-point source 
run-off remains a major global problem, with many health implications. Harmful algal 
blooms, attributed partly to nutrient loads, have increased in freshwater and coastal 
systems over the last 20 years. The algal toxins are concentrated in filter-feeding bivalves, 
fish and other marine organisms, and they can cause fish and shellfish poisoning or 
paralysis. Cyanobacterial toxins can also cause acute poisoning, skin irritation and 
gastrointestinal illnesses in humans. Global warming may be exacerbating this situation, in 
view of the competitive advantage of cyanobacteria over green algae at higher 
temperatures. Organic materials, from such sources as algal blooms and discharges from 
domestic wastewater treatment plants and food-processing operations, are decomposed by 
oxygen-consuming microbes in water bodies. This pollution can also cause oxygen 
depletion, jeopardizing fish and other aquatic species. Some coastal areas are affected by 
oxygen depletion, including the eastern and southern coasts of North America, southern 
coasts of China and Japan, and large areas around Europe. Oxygen depletion in the Gulf of 
Mexico has created a huge “dead zone,” with major negative impacts on biodiversity and 
fisheries. 

 

Linkages between state changes in the water environment and environmental and human impacts 

HUMAN WELL-BEING IMPACTS 

STATE CHANGES 

Mediating 
environmental/ 
ecosystem impacts Human health Food security 

Physical security 
and safety Socio-economic 

Human water-use related issues – water quality changes at the basin and coastal scale 

Water-borne diseases 1 

 
Microbial  

contamination 

 

Fish, shellfish  

contamination 1 

  
Working days 2 

Recreation and tourism 1 

Nutrients   Eutrophicalton Nitrate contamination  

of drinking water 1 

Production of macrophytes  

for animal  fodder 1 

 
Cost of water treatment 1 

 Harmful  algal  

blooms 

Fish and shellfis       

contamination 1 

Neurological and 

gastrointestinal  

illnesses 1 

Livestock health 1 

Food available for  

humans 1 

 
Recreation and tourism 1 

Livelihood income 1 

Oxygen-demanding 

materials 

Dissolved oxygen in 

waterbodies 

 
High oxygen-demanding 

species 1 

 
Recreation and tourism3 

 

Suspended sediment Ecosystem integrity 

 
Fish and livestock health 1 

 
Cost of water treatment 1 

Persistent organic 

pollutants (POPs) 

 
Fish and livestock       

contamination 1 

Chronic disease 2 

  
Commercial fish value 1 

 

Heavy metal pollution 

 
Seafood contamination 1 

Chronic disease 1 

Flood contamination of 

agricultural lands 1 

 
Cost of water treatment 1 

Solid waste Ecosystem and  

wildlife damage 

Threat to human health 

(infections and injuries)1 

  
Recreation and tourism 2 

Fisheries 2 
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Arrows show trends of state and impact changes 

 increase  decrease       no  statistically proven change  

1   well established 2  established but incomplete   3   speculative   

MDG Goal 1, Target 1:    Halve, between 1990 and 2015, the proportion of people whose income is less than US$ 1 a day. 

   Target 2:    Halve, between 1990 and 2015, the proportion of people who suffer from hunger. 

MDG Goal 6, Target 8:   Halt by 2015 and begin to reverse the incidence of malaria and other major diseases. 

MDG Goal 7, Target 9:    Integrate the principles of sustainable development into country policies and programmes, and reverse the loss of environmental resources. 

MDG Goal 7, Target 10:  Halve, by 2015, the proportion of people without sustainable access to safe drinking water and basic sanitation. 

 

Global Environmental Outlook 4 (UNEP 2007). Copyright © 2007, United Nations Environment Programme 

 
 

Degradation of  habitats and other forms of  direct physical alteration represent another 

great threat to coastal and marine ecosystems. Nearly 60 percent of  the world’s coral reefs 

are dying or under threat from human pressures; and almost half  of  the world’s wetlands 

and more than half  of  the world’s mangrove forests were destroyed during the 20th century. 

Loss of  coastal wetlands, mangroves and coral reefs reduces the buffer zone between land-

based sources of  pollution and the open sea and between storm surges and tidal waves and 

vulnerable inhabited coastlines. These losses of  coastal wetlands, mangrove forests, and coral 

reefs have further aggravated the levels of  nitrogen in coastal and marine ecosystems.315  

The development of  coastal areas for human use directly causes much of  this physical 

alteration. Principal types of  physical alterations that harm habitats include dredging for 

ports and shipping lanes, creation of  solid waste dumps and landfills, coastal construction of  

buildings and roads, cutting and destruction of  mangrove and other coastal forests, 

mariculture and mining of  marine sand, gravel, and reefs. 

Also in this case, the markets that drive the development and alteration of  coastal areas 

place little or no value on coral reefs, mangroves, wetlands, and other ecological assets. As a 

result, the costs of  damaging these assets are not reflected in the market, which in turn leads 

to excessive and harmful dredging, dumping, construction, and extraction of  marine 

ecosystem resources. Box 21 below shows some examples of  degradation of  coastal 

environments and the related impacts on human well-being, and the implications to the 

achievement of  the Millennium Development Goals. 

 
                                                 

315  UNEP, Global Environmental Outlook 3: Past, present, and future perspectives, Nairobi, Kenya, 2002, p. 181. 
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Box 21: State changes in aquatic ecosystems and environmental and human impacts  

Linkages between state changes in aquatic ecosystems and environmental and human impacts 

HUMAN WELL-BEING IMPACTS 

Aquatic 
ecosystems Pressures 

SELECTED 
STATE 
CHANGES Human health Food security 

Physical security 
and safety Socio-economic 

Coastal and marine ecosystems 

Mangrove forests 

and salt marshes 

Conversion to other 

uses 

Freshwater scarcity 

Overexploitation of 

timber 

Storm surges and 

tsunamis 

Reclamation 

Mangroves 

Tree density,  

biomass,  

productivity and  

species diversity 

Risk of malaria 

due to standing 

water 1 

 

Coastal fish and 

shellfish stocks 1 

 

Buffer capacity 

along coast 2 

 

Timber products 1 

Small-scale 

fisheries 1 

Displacement  

of human 

communities 2 

Tourism 3 

Livelihoods 2 
 

Coral reefs Eutrophication 

Sedimentation 

Overfishing 

Destructive fishing 

High sea surface 

temperature  

Ocean acidification 

Storm surges 

 

Reef coral 

bleaching and 

mortality 

Associated  

fisheries loss 

 Coastal fish and 

shellfish stocks 1 

 

Buffer capacity 

along coasts 2 

 

Tourism 1 

Small-scale 

fisheries 1 

Poverty 1 

Livelihoods 1 

Estuaries and 

intertidal mudflats 

Reclamation 

Eutrophication 

Pollution 

Overharvesting 

Dredging 

 Intertidal 

 sediments and 

 nutrient  

 exchange 

Oxygen depletion 

Shellfish  
 

Coastal water 

quality and 

purification 1 

Sedimentation 1 

 

Coastal fish and 

shellfish stocks 1 

 

Buffering 

capacity along 

coasts 2 

 

Tourism 3 

Small-scale 

fisheries 1 

Poverty 1 

Livelihoods 1 

Seagrass and  

algal beds 

Coastal 

development 

Pollution 

Eutrophication 

Siltation  

Destructive fishing 

practices 

Dredging 

Conversion for 

algal and other 

mariculture 

Habitat 

 

 
Coastal fish  

stocks 1 

 

Buffer capacity 

along coast 2 

 

Livelihoods 1 

 

Soft-bottom 

communities 

Trawling 

Pollution  

Persistent organics 

and heavy metals 

Mineral extraction 

Habitat 

 

Coastal water 

quality 2 

 

Fish stocks and 

other livelihoods 1 

 

 
Shellfish 

production 1 

 

Subtidal hard-

bottom 

communities 

Trawling  

Pollution (as for 

soft-bottom 

communities) 

Mineral extraction  

Seamount and  

cold-water coral 

communities 

severely disrupted 

 
Fish stocks  1 

 

  

Pelagic ecosystems Overfishing  

Pollution 

Sea surface 

temperature change  

Ocean acidification 

Invasive species 

Disturbance of 

trophic level 

balance, changes in 

plankton 

communities 

Coastal water 

quality 1 

 

Fish stocks  1 

 

 Livelihoods 1 
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Arrow show trends of state and impact changes 

increase decrease       no  statistically proven change 
  

1  well established 2  established but incomplete   3   speculative    

MDG Goal 1, Target  1:    Halve, between 1990 and 2015, the proportion of people whose income is less than US$ 1 a day. 

    Target 2:    Halve, between 1990 and 2015, the proportion of people who suffer from hunger. 

MDG Goal 6, Target 8:    Halt by 2015 and begin to reverse the incidence of malaria and other major diseases. 

MDG Goal 7, Target 9:      Integrate the principles of sustainable development into country policies and programmes, and reverse the loss of environmental resources. 

MDG Goal 7, Target 10:  Halve, by 2015, the proportion of people without sustainable access to safe drinking water and basic sanitation. 

 

Global Environmental Outlook 4 (UNEP 2007). Copyright © 2007, United Nations Environment 
Programme 

 
 
 

 

(a)  What marine ecosystem goods and/or services are involved in the production 
of  goods and services exchanged in markets? 

(b)  What is the extent of  human uses and activities in marine ecosystems? Identify 
and assess the interactions, if  any, between these activities. 

(b)  Markets often do not reflect the ecological costs of  economic activities that 
use and impact on ecosystems and their resources. 

(c)  Markets can cause negative impacts on marine ecosystems since market prices 
do not tell the “ecological truth” and do not reflect the full cost of  generating 
products from ecosystem resources. Market prices reflect the cost of  capital 
and labour, but do not reflect the costs, for example, of  reducing a fish stock, 
of  damaging habitats, of  waste disposal and pollution, and other ecological 
costs. 

(d)  Relative low prices and costs drive consumers to demand more and suppliers 
to produce more products from marine ecosystems. 

(e)  Economic and other human activities can generate economic, social and 
cultural benefits that if  not managed sustainably can lead to the degradation 
and loss of  natural habitats, added waste disposal and discharge of  pollutants, 
overexploitation of  living marine resources, the introduction of  invasive alien 
species and pathogens, toxic contaminants, harmful algae blooms, and 
increased vulnerability to hazards affecting the coastal zone. 

Questions for discussion 

Summary of key ideas   

(a)  Markets are mechanisms through which goods and services are exchanged and 
profits are sought. 
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(c)  What benefits – market and non-market – do these human uses and activities 
generate? 

(d)  How have these human uses and activities impacted the integrity of  your 
marine ecosystem(s), including by pollution, habitat degradation and depletion 
of  fisheries? 

(e)  To what extent do you think the markets reflect the ecological costs of  the 
uses of  your marine ecosystem resources? 

7. Social aspects 

A broad approach to the concept of  sustainability, which is an integral part of  an ecosystem 
approach, includes not only ecological and economic aspects, but also social aspects and is 
aimed at achieving an appropriate balance between resource conservation and human needs. 

In addition to addressing economic forces that drive human use of  natural resources, it 
is therefore important to examine social factors that influence human preferences, choices 
and actions and how these behaviours affect marine ecosystems. From a sociological point 
of  view, attitudes, perceptions and beliefs motivate choices and actions. Public preferences 
and stakeholder expectations, inter alia, are important in understanding how human 
behaviour may impact marine ecosystems.  

The primary concern for most people is how proposed management approaches may 
impact their lives. Opposition to the application of  new management approaches is often 
based on this factor. While some may think their source of  livelihood is at risk, others may 
expect the new management decisions to provide them with more opportunities and a better 
livelihood.  

As a result, managers need to understand who will be impacted and how people will be 
impacted. They also need to address expectations in order to avoid future conflicts.  
Knowledge of  human perceptions may help managers identify primary areas of  fear and 
unreasonable expectations, and determine individuals that may be opposed to or supportive 
of  management choices, and why. 

It must also be understood that people often expect immediate results from management 
decisions and consider them to be ineffective if  results are not delivered. Many people do 
not realize that it may take many years before effectiveness is observable. Managers need to 
be aware of  what people expect over the short-term and the long-term in order to avoid 
problems that may arise if  expectations are not met. Understanding short and long-term 
expectations may also help managers direct management goals to be more consistent with 
the goals of  the public. This is often a very difficult challenge, as it is often hard to balance 
ecological and social dimensions. 
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Box 22: Social sciences in the management of ocean-related activities 

It has been noted that the integration of social sciences has the potential to support and 
improve the management processes in a number of ways. In particular, potential contributions 
of social science relate to: 

Assessment – Managers must have an understanding of ecosystem conditions before making 
decisions by gathering baseline information. Incorporating social science into the assessment 
process can identify affected groups, as well as potential areas of conflict. Incorporating social 
science early in the decision-making process can be useful in predicting potentially avoidable 
problems and resistance; 

Feedback – Regular feedback can be helpful in establishing the effectiveness of management 
techniques and tracking effectiveness over time. Social science research can be used to gauge 
public perceptions of management focus and effectiveness, and also give the public the 
opportunity to suggest management changes. Eventually, the feedback process may lead to 
open dialogue between managers and stakeholders; 

Prediction – A range of social science tools, including economic tools and case studies of 
similar communities, can predict the potential outcomes of management decisions and 
strategies. By developing models to predict the outcomes of specific management actions, 
considerable time and effort may be saved and potential problems identified; 

Mitigation – Identifying stakeholder motivations and areas of concern may help reduce, or 
even avoid, conflicts among users; 

Acceptance – Social science can be used to understand and address public concerns. 
Concerns can be addressed through targeted outreach and education programmes, which may 
lead to increased support from the public and constituents. 

See www.csc.noaa.gov/mpass. Last accessed October 2008. 

 

Civil society can exert significant influence on the interactions of  humans with the 

natural components of  an ecosystem. Understanding the influences of  civil institutions and 

arrangements is therefore critical to the development and implementation of  an ecosystem 

approach that is best suited to the socio-economic context of  a given marine ecosystem. 

7.1  Social norms and networks 

Social norms and networks – “social capital” – shape individual and collective behaviour, 
and also facilitate co-operation among individuals and between groups of  individuals. Social 
norms and networks can encourage trust, civic engagement, and enhance effective 
governance, while reducing management costs. As such, they have considerable potential for 
advancing ecosystem approaches in informal governance systems. Basic to effective 
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management of  common property resources is trust among users that they will all adhere to 
applicable rules.316 Civil society can also contribute expertise and local knowledge and play a 
crucial role in the diffusion and adoption of  reforms, for example, in how fisheries are 
conducted and wastes are disposed. 

The institutions and arrangements of  civil society establish “working rules” that are 
commonly known, monitored and enforced.317 While differing from the legal requirements 
established through governmental processes, they are powerful tools that influence 
individual and group actions. The violation of  patterns of  behaviour adopted by the formal 
and informal institutions of  civil society can produce powerful peer pressures and, ultimately, 
can lead to isolation or expulsion from the community or even physical retribution. 

The influence of  social norms and networks can be illustrated by the issue of  
compliance with the regulations and management measures that are commonly implemented 
through marine resource management programmes.318 In addition to the amount of  illegal 
gain and expected penalty (i.e., the “deterrence” effect), moral obligation and social influence 
also influence decisions whether to comply with a law or regulation. 

7.2  Moral obligation 

Despite the strong incentive to violate regulations (i.e., a high potential for illegal gain 
relative to the expected penalty), a high proportion (50 to 90 percent) of  producers normally 
comply with regulations.319 This pattern is typical of  regulated fisheries and pollution control 
programmes. Despite the fact that illegal gains may be much larger than expected penalties, 
many producers simply decide to “do the right thing”.320 In other words, they perceive an 
obligation to obey a set of  rules (either their own or an authority’s). This sense of  moral 

 
316  Hall-Arber, M. and A.C. Finlayson, “Role of  Local Institutions in Groundfish Policy,” J. Boreman, et al., (eds.), 

Northwest Atlantic Groundfish: Perspectives on a Fishery Collapse, American Fisheries Society, 1997, pp. 111-138. 

317  Ostrom, E., Governing the Commons: The Evolution of  Institutions for Collective Action, New York, Cambridge University 
Press, 1990. 

318  S.B. Olsen, et al., supra note 307, at pp. 48-53. 

319  Sutinen, J.G., A. Rieser, and J.R. Gauvin, “Measuring and Explaining Noncompliance in Federally Managed Fisheries” 
Ocean Development and International Law 21, 1990, pp. 335-372;  Sutinen, J.G. and J.R. Gauvin, A Study of  Law Enforcement and 
Compliance in the Commercial Inshore Lobster Fishery of  Massachusetts, An unpublished Report to the Environmental Enforcement 
Division, volumes I and II, State of  Massachusetts, 1988;  Bean, C., An Economic Analysis of  Compliance and Enforcement in the 
Quahaug Fishery Narragansett Bay, Unpublished Masters Thesis, University of  Rhode Island, 1990. 

320  Gauvin, J., An Econometric Estimation of  Compliance Behaviour in the Massachusetts Inshore Lobster Fishery, Unpublished 
Masters Thesis, University of  Rhode Island, 1988; Gezelius, S., “Do Norms Count? State Regulation and Compliance in a 
Norwegian Fishing Community”, Acta Sociologica 45, 2002, pp. 305-314. 
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obligation is common throughout society and may be a significant motivation explaining 
much of  the evidence on compliance behaviour. 

An individual who believes that complying with the regulation is the “right thing to do” 

will feel a moral obligation to comply. An individual, who disagrees with the regulation, or 

management policy and procedures, may believe the opposite, and actually feel obliged to 

violate the regulation. This sense of  moral obligation is an important consideration when 

setting and implementing policy. 

7.3  Social influence 

Most individuals are also influenced by their peers, or people who matter to them, when 

deciding whether to comply with a rule or regulation. Social influence is known to play a 

significant role in everyday social interaction, often taking subtle forms of  ostracism or 

withholding of  favours. A group can reward and punish its members, either by withholding 

or conferring signs of  group status and respect, or more directly by threatening them with 

sanctions. 

As an example, in the context of  fisheries, social influence is often manifested in form 

of  verbal and physical abuse (e.g., fist fights and destruction of  gear and vessels). Examples 

of  fisheries where social influence to comply with management regulations is prevalent and 

appears highly forceful, include American lobster (Massachusetts and Maine), clam  

(Rhode Island), herring roe (Alaska, British Columbia, Oregon, and San Francisco Bay), 

saithe (Norway), and sakuri ebi (Japan). In some other fisheries, there is a lack of  a sense of  

moral obligation to comply and social influence encourages individuals to violate rules and 

regulations. These patterns are also encountered in other groups of  regulated communities 

(e.g., manufacturing, agriculture, transportation).  

Social influence and moral obligation are thus closely linked. The standards used by 

individuals to judge their own behaviour are also used to judge others’ behaviour. Therefore, 

the moral principles on which individuals base their own behaviour are also the basis for the 

social influence of  these principles. The more widespread a common moral obligation is in 

the regulated community, the stronger the social influence is expected to be. An important 

implication is that policies and procedures that strengthen the sense of  moral obligation to 

comply also strengthen social influence towards compliance. 
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Box 23: Coalition of legal toothfish operators 

The Coalition of Legal Toothfish Operators (COLTO) is a not-for-profit group of toothfishing 
operators working together to provide surveillance and other valuable information to 
governments to help stop toothfish poachers. It is a good example in the effort to improving 
voluntary compliance with fishing regulations by fishermen and other operators. Membership 
of the Association is open to all natural persons and all corporate entities from any country 
whatsoever who are involved in any activity forming part of the toothfish industry. Expulsion by 
the approval of no less than 75% of members may be decided if a member has been involved in 
illegal fishing for toothfish, illegal activity involving toothfish products, or in assisting illegal 
toothfish fishing activities. Among other actions, COLTO publishes on its website a list of 
vessels suspected to be involved in IUU fishing. 

The Articles of Association specify the objectives of the Coalition as follows (Art. 3.1 - Objects): 

1. To facilitate members of the Association working with each other, governments, 
conservation groups and the general public to provide information and evidence that can 
be used to apprehend and prosecute those involved in IUU fishing;  

2.  To provide an avenue for information gathering on illegal activities from those who may 
have details and knowledge of IUU fishing;  

3.  To be a not-for-profit powerful international alliance of legal toothfishing operators formed 
to monitor and by all lawful means, eradicate illegal toothfishing;  

4.  To represent the legal toothfish industry to ensure its members have a viable economic 
future in the industry;  

5.  To ensure that members are committed to sustainable fisheries management practices, 
which will conserve toothfish and its place in the ecosystem for future generations;  

6.  To inform the public that there are legitimate, sustainable, toothfish fisheries selling 
products into markets around the world; 

7.  To provide effective representation and input at international toothfish management and 
scientific meetings; and  

8.  To work with domestic, national and international authorities to remove legal loopholes 
that may enable IUU operations to continue.  

See www.colto.org. Last accessed October 2008. 

 

A different form of  social influence originates from the use of  consumer purchasing 
power to generate change and promote environmentally responsible stewardship of  natural 
resources by relevant industries. Ecolabelling is an example of  a voluntary method of  
environmental performance certification and labelling for consumer products (including 
foods) that are made in a manner to avoid detrimental effects on the environment. An 
ecolabel identifies overall environmental preference for a product or service within a specific 
product/service category based on life cycle considerations, in order to steer consumer 
choices for environmentally-friendly products. An ecolabel is awarded by an impartial third-
party in relation to certain products or services that are independently determined to meet 
environmental leadership criteria. In the fisheries field, the Marine Stewardship Council aims 
at harnessing consumer preference for products from sustainable fisheries by use of  an 
ecolabel (see Box 24 below). 



 Governance and socio-economic aspects of ecosystem approaches 
 

 

159

 

Box 24: Ecolabelling and the marine stewardship council 

The Marine Stewardship Council (MSC) is an independent non-profit organization that has 
established a global environmental standard for sustainable and well-managed fisheries. The 
MSC programme is voluntary and fisheries that are assessed and meet the standard can use the 
MSC blue ecolabel. The MSC mission is to promote ‘the best environmental choice in seafood’ 
through this blue ecolabel that is displayed on seafood from a certified fishery. The MSC seeks 
to harness consumer preference for products from sustainable fisheries by use of its ecolabel. 
When you buy fish that has the blue MSC ecolabel, it should indicate that this fishery operates 
in an environmentally responsible way and does not contribute to the global environmental 
problem of overfishing. 

As of March 2008, there are over 1,400 seafood products available with the MSC ecolabel, sold 
in 36 countries around the world. Twenty-six fisheries have been independently certified as 
meeting the MSC’s environmental standard for sustainable fishing and a further 68 are 
currently undergoing assessment. Over 500 companies have met the MSC Chain of Custody 
standard for seafood traceability. 

The three principles of the MSC standard relate to: the condition of the fish stock(s) of the 
fishery; the impact of the fishery on the marine ecosystem; the fishery management system  

The MSC standard is consistent with the ‘Guidelines for the Eco-labelling of Fish and Fishery 
Products from Marine Wild Capture Fisheries’ adopted by the FAO in 2005. Any fishery that 
wishes to become MSC certified and use the ecolabel is assessed against the MSC standard by a 
third party, independent certification body that has been independently accredited to perform 
MSC assessments. Chain of custody certification along the supply chain from boat to point of sale 
ensures that seafood sold bearing the ecolabel originated from an MSC certified fishery. 

See www.msc.org. Last accessed October 2008. 

 

7.4  Changing use patterns and traditional communities 

In applying an ecosystem approach, it may be necessary for some stakeholders to adapt or 
change their use patterns. Changing how individuals use a resource can be controversial and 
may be met with resistance if  effective communication is not established throughout the 
process. Understanding the impact of  management decisions on stakeholder behaviour may 
help in determining which, if  any, users, groups, or communities need to change their use 
patterns. In this process, it is very important to provide valid alternatives to these individuals 
before requesting them to change such patterns. For example, there may be acceptable 
alternatives, such as changing location, or slightly altering behaviour. Understanding how 
resource users may be required to adapt or change their use patterns may also help to 
identify future sources of  conflict. 

Nevertheless, it has to be understood that requesting individuals to adapt or change their 
use patterns often does not represent the best choice. Some small coastal communities, for 
example, have been practicing activities, such as fishing or shell collecting, for centuries. 
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Many indigenous people, for example, have particularly strong ties to natural resources. 
Requesting these communities to change their use patterns could mean destroying their 
unique and vulnerable community character.  

In addition, many small coastal communities have a long history of  traditional marine 
resource management practices. These practices include seasonal bans on harvesting, 
temporary closed (no-take) areas, and restrictions on time, places and species or taking by 
certain groups of  persons. For example, closed areas include the tabu areas of  Fiji and 
Kiribati, the ra’ui in Cook Islands, and the masalai in Papua New Guinea. Hawaiians used a 
variety of  traditional marine resource management practices, which included “kapus” or 
fishery closures. Today such practices are employed to varying degrees, and are often 
consistent with an ecosystem approach, as illustrated in Box 25 below. Taking into account 
and building upon such traditional practices can help involve communities in the 
implementation of  an ecosystem approach. 

 

Box 25:  Hawaiian ahupua’a and an ecosystem approach 

In ancient Hawaii, ahupua’a were sections of land that extended from the mountain summits 
down through fertile valleys to the outer edge of the reef and into the deep sea. The konohiki, or 
caretakers, managed the land and consulted with kahuna who were experts in different 
specialties. Within the ahupua’a, a wise conservation system was practiced to prevent exploitation 
of the land and sea, while allowing the people to use what they needed for sustenance.  

Ahupua’a contained nearly everything Hawaiians required for survival. Fresh water was 
managed carefully for drinking, bathing, and irrigation of wet land taro. Wild and cultivated 
plants provided food, clothing, shelter, household goods, canoes, weapons, and countless other 
products. Land and sea creatures offered food, bones, teeth, skin, and feathers for tools, crafts, 
and ornamentation. 

The ancient ahupua’a, the basic self-sustaining unit, extended elements of Hawaiian spirituality 
into the natural landscape. Amidst a belief system that emphasized the interrelationship of 
elements and beings, the ahupua’a contained those interrelationships in the activities of daily 
and seasonal life. 

See www.hawaiihistory.com and www.hawaii.edu. Last accessed October 2008. 

 

In order to take these traditional use patterns into account, the relevant communities 
must be involved in the decision-making process. This presents its own challenges, 
considering that community decisions can be based on culture, traditions, informal 
institutions, formal regulations, perceptions, beliefs and religion. While some 
communities rely upon enforcement of  formal regulations, other cultures – in particular, 
indigenous ones – may place a greater value on traditions and religion. Knowing how 
these communities make decisions is therefore extremely important, and can also be used 
to orient regulation and enforcement strategies towards factors to which communities 
are most likely to respond.  
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Box 26: Principles and guidelines for indigenous/ 
traditional peoples and protected areas 

Marine protected areas represent a useful tool in the implementation of an ecosystem approach in 
the marine environment. Based on the conclusions and recommendations of the IV World 
Congress on National Parks and Protected Areas, two organizations, WWF and IUCN -  
World Commission on Protected Areas, have adopted principles and guidelines concerning 
indigenous rights and knowledge systems, consultation processes, agreements between 
conservation institutions, decentralisation, local participation, transparency, accountability, sharing 
benefits and international responsibility. The five principles are as follows: 

Principle 1 

Indigenous and other traditional peoples have long associations with nature and a deep 
understanding of it. Often they have made significant contributions to the maintenance of many of 
the earth’s most fragile ecosystems, through their traditional sustainable resource use practices and 
culture-based respect for nature. Therefore, there should be no inherent conflict between the 
objectives of protected areas and the existence, within and around their borders, of indigenous and 
other traditional peoples. Moreover, they should be recognized as rightful, equal partners in the 
development and implementation of conservation strategies that affect their lands, territories, 
waters, coastal seas, and other resources, and in particular in the establishment and management of 
protected areas. 

Principle 2 

Agreements drawn up between conservation institutions, including protected area management 
agencies, and indigenous and other traditional peoples for the establishment and management of 
protected areas affecting their lands, territories, waters, coastal seas and other resources should be 
based on full respect for the rights of indigenous and other traditional peoples to traditional, 
sustainable use of their lands, territories, waters, coastal seas and other resources. At the same time, 
such agreements should be based on the recognition by indigenous and other traditional peoples of 
their responsibility to conserve biodiversity, ecological integrity and natural resources harboured in 
those protected areas. 

Principle 3 

The principles of decentralization, participation, transparency and accountability should be taken 
into account in all matters pertaining to the mutual interests of protected areas and indigenous and 
other traditional peoples. 

Principle 4 

Indigenous and other traditional peoples should be able to share fully and equitably in the benefits 
associated with protected areas, with due recognition to the rights of other legitimate stakeholders. 

Principle 5 

The rights of indigenous and other traditional peoples in connection with protected areas are often 
an international responsibility, since many of the lands, territories, water, coastal seas and other 
resources which they own or otherwise occupy or use cross national boundaries, as indeed do many 
of the ecosystems in need of protection. 

IUCN/WCPA, Indigenous and Traditional Peoples and Protected Areas – Principles, Guidelines and Case 
Studies, 2000. 
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 7.5  Non-governmental organizations  

There are many NGOs that actively and purposefully seek to influence public policy relating 

to a very wide range of  issues at local, national, and international levels.321 NGOs are now a 

recognized force and play multiple roles in affecting both user behaviour and public policy.322 

They can serve as advocates of  specific courses of  action by governmental authorities (e.g., 

stop ocean dumping), or as champions of  particular preferences (e.g., stop the consumptive 

use of  whales), or as proponents or opponents of  individual pieces of  legislation. 

NGOs may be representative of  political constituencies whose interests require 

accommodation, which affects both governmental and marketing decisions with attendant 

ramifications for the natural environment. In some societies, NGOs may also harness 

scientific and technical expertise to assess environmental impacts and change, and can 

monitor and compare compliance with mandated expectations, generating information 

relevant to future decisions.  In regard to environmental matters, NGOs may actively seek to 

educate the wider public on the workings of  natural systems and current issues and, in doing 

so, help shape the framework in which problems and opportunities are analyzed and 

evaluated. 

Some NGOs, such as environmental or business organizations, have a well-defined 

and purposeful agenda aimed at influencing policy-making.  However, careful attention 

must also be given to social institutions that are less overtly policy-oriented in nature. 

Among these institutions are community and fraternal organizations, religious groups, 

and even families. These groupings of  individuals are agents of  socialization that 

influence human perceptions, preferences, and attitudes. For example, religious groups 

that utilize specific environments, such as the Ganges River, for important ceremonies 

could have powerful influences on governmental policy if  they conclude that 

environmental damage undermines the potential for use of  such sites. In this respect, 

NGOs and social institutions are different from governmental bodies, which can 

establish legally binding norms enforced by the power of  the State, but they do indeed 

affect ideas and patterns of  thought and can exercise very compelling social pressures 

that encourage adherence to particular norms of  behaviour.  

 
321  UNEP, Natural Allies: UNEP and Civil Society, supra note 305.   

322  UNCED, Strengthening the Role of  Non-Governmental Organizations: Partners for Sustainable Development, Agenda 21, chapter 27, 
1992, is available from www.un.org/esa/dsd.  
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In this context, NGOs should be thought of  to include bodies ranging from advocacy 

organizations, to community associations, to fraternal organizations, to families and religious 

groups. All of  these bodies may serve as agents of  socialization and thus shape human 

perceptions, preferences, and attitudes in positive ways. While such groups may not issue 

edicts that are legally binding, or explicitly seek to change governmental or economic policy, 

they do influence ideas and patterns of  thought and often generate meaningful social 

pressures that encourage adherence to particular norms of  behaviour. Non-governmental 

institutions and arrangements can thus beneficially affect marine ecosystems use patterns. 

7.6 Stakeholder participation 

Principle 12 of  the decision of  the CBD on ecosystem approaches (see Module I) states that 

“the ecosystem approach should involve all relevant sectors of  society and scientific 

disciplines”. There are several reasons for having a high degree of  stakeholder involvement 

in the policy development and implementation process of  an ecosystem approach. 

Stakeholder participation in the design and implementation of  policy can help create 

favourable conditions of  legitimacy. For example, studies on stakeholder participation in 

environmental and resource management indicate that compliance is greater and far less 

costly when users are meaningfully involved in the development and implementation of  

environmental and resource management programmes. Involving stakeholders in the 

development and implementation of  a compliance programme also improves the fairness 

and appropriateness of  the programme, and in turn improves its cost-effectiveness. Keeping 

regulations simple and with a clear connection to conservation goals, and the equitable 

application of  regulations and enforcement are also important in securing industry support 

(buy-in) for a management programme.323  

7.6.1  Identifying stakeholders 

To ensure that relevant stakeholders are involved in developing and implementing an 

ecosystem approach, it is first necessary to identify them. Five options have been developed 

for identifying stakeholders:324 

 
323  Sutinen, J.G., Summary and Conclusion of  the Workshop on Enforcement Measures, OECD Fisheries Enforcement Issues, 1995. 

324  Borrini-Feyerabend, G. (ed.), Beyond Fences: Seeking Social Sustainability in Conservation, Volume I, IUCN, Gland, 
Switzerland, 1997.  
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(a) Inventory of  actual and potential stakeholders. Conduct an inventory of  
individuals and groups (organized and disorganized) who have a current and 
potential interest in the application of  an ecosystem approach to marine resources. 
An inventory is appropriate when the community structure is relatively simple and 
stakeholders can be easily identified. The inventory should include a description of  
the stakeholders and their relative importance and strength.  

(b) Stakeholder analysis. A detailed analysis identifies the relationships of  relevant 
individuals and groups to the area and resources that are affected by ecosystem 
approach programmes. The analysis identifies the local decision-making 
organizations, the way in which decisions are made, and persons who possess 
specialized knowledge, such as fishers and other resource users. A stakeholder 
analysis is appropriate when the community structure is complex, and when the 
relationships between stakeholders and marine ecosystem resources are difficult to 
identify.  

(c) Information campaign. An effort is required to publicize the programmes and 
initiatives to implement an ecosystem approach, and to inform stakeholders about 
the true nature of  programmes and initiatives. It is important to clarify exactly what 
the programmes will and will not do in order to avoid creating false expectations. 
Local groups, such as schools, NGOs, community organizations, government and 
cultural and religious institutions, should be actively involved in the campaign. It is 
especially important that the methods used do not systematically exclude anyone, 
such as women and minority groups. The information campaign should not depend 
on tools that require literacy, and should include community meetings and, perhaps, 
visits to households.  

(d) Public relations service. Under some circumstances, establishing an office or 
centre where stakeholders can ask questions and offer suggestions is appropriate. In 
addition to visiting community organizations, individuals groups are invited to and 
brought into the office or centre where displays and other methods are used to 
inform and educate members of  the community.  

(e) Discussion sessions. This involves organizing discussion sessions in the 
communities and with groups who have a current and potential interest in the 
application of  an ecosystem approach to marine resources. Conducted with 
appropriate methods, discussions provide insights into the values, attitudes, and 
behaviour of  people and their relationship with ecosystem resources. In addition, 
discussions have the potential to further inform stakeholders and create a deeper 
understanding and appreciation of  the challenges presented by degraded marine 
ecosystems.  
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7.6.2 The extent of stakeholder participation 

Most States currently rely on the consultative mode of  stakeholder participation and, in this 
respect; there is a growing trend toward greater sharing of  power between government 
institutions and stakeholder groups. These experiences demonstrate that the performance of  
management institutions is strengthened by meaningful stakeholder participation. 

The extent and nature of  stakeholder participation in environmental and resource 

management can vary widely and there is a range of  possible ratios of  government and user-

group rights and responsibilities in the management process. At least seven key tasks can be 

shared between government and resource users in the development and implementation of  a 

resource management programme: (1) assessment of  the state of  the environment and 

resources,325 (2) setting management objectives, (3) selecting management measures/tools,  

(4) allocation of  use rights/privileges (or other benefits) among resource users, (5) allocation 

of  use rights/privileges (or benefits) over time, (6) enforcing regulations, and (7) learning 

about changing conditions in the environment and resources. 

It is important to recognize that as the degree of  participation increases, the 

management programme’s control over both the process and the outcomes diminishes. In 

other words, although there are many benefits to stakeholder involvement, more 

participation is not necessarily better for a management programme. The degree of  

participation that a programme selects can be visualized as a ladder with four rungs: 

(a) Level One: Providing Information. Providing information can be the sole objective 
of  a project’s participation efforts. Public information materials typically include 
publications, slide shows, videos, books and brochures. Information can increase the 
public’s awareness and understanding of  the resource area, management issues, and the 
causes and solutions to coastal ecosystem problems. Information can encourage 
stakeholders to voluntarily comply with regulations and to participate more fully in the 
programme. 

(b) Level Two: Consultation. Consultation is a two-way process and calls for both 
giving and receiving opinions and information. It provides stakeholders a role in 
shaping both the analysis of  issues and what should be done to address them. It is a 
process that allows the project manager to retain control over the project’s process, 
while seeking local knowledge and welcoming ideas on actions to take. Committees, 
working groups and public workshops are common consultation techniques. 

 
325  Which may involve collecting data on state of  the resources (environmental monitoring) as mentioned in Module II. 
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(c) Level Three: Collaboration. In collaborative management, individuals responsible, 
for example, for a coastal management programme share power with individuals 
external to the team. Collaborative participation works well when project managers 
are willing to limit programme actions to actions on which collaborators can 
formally agree. This approach can reduce a programme to easy courses of  action, 
rather than more difficult, proactive courses that ultimately may have a greater 
impact. Strong leadership may be required to make a collaborative approach viable, 
as collaboration is built on partnerships that usually require considerable time and 
energy to develop. Collaborative approaches, however, are often the most effective 
path to solving complex issues involving many interests. 

(d) Level Four: Support to Independent Initiatives. When supporting independent 
initiatives, a programme works to help government agencies or local communities 
develop and carry out their own plans. Such programmes must put clear limits on the 
plans they will support. Formal institutional structures will be needed to define the 
goals and the procedures that allow stakeholders to organize, engage in contracts, 
and own and manage assets. 

A participatory approach enables stakeholders and the public to see these efforts as a 
coherent whole and can work to win their support for the programme. Practical guidance on 
how to incorporate stakeholder participation in the development and implementation of  
marine resource management programmes has been developed.326  

7.7 Conflict management 

The establishment of  any new governance regime will inevitably benefit some individuals 
and groups more than others, and perhaps confer benefits on some stakeholders at the 
expense of  others. In other words, the development and implementation of  an ecosystem 
approach will cause some degree of  conflict, either in material interests and/or ideas, and 
there will be some individuals and groups whose interests and ideas are threatened by an 
ecosystem approach. Conflicts are the norm in these cases, not the exception, and should be 
anticipated. If  not adequately managed, conflicts will undermine the success of  efforts to 
apply an ecosystem approach.  

There are four common characteristics of  conflicts in conservation areas:  

(a) Such conflicts usually involve large numbers of  stakeholders, who have their own 
needs, perspectives, values and goals; 

 
326  Bunce, L., et al., Socioeconomic Manual for Coral Reef  Management, Australian Institute of  Marine Science, Townsville, 

Australia, 2000. 
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(b) Many of  the factors that influence a conservation programme are external to the 
area and beyond the control of  the management authorities; 

(c) Conflicts are frequently complicated by scientific uncertainty or by differences 
between scientific and traditional, anecdotal or local knowledge; and 

(d) The scarcity of  financial resources in conservation programmes severely limits the 
ability of  managers to effectively address, resolve or manage such conflicts.327  

Practical guidelines for negotiation and mediation can be useful when managing conflict. 
Negotiation is a process in which the parties discuss their differences and jointly reach on a 
decision. Mediation is a process in which the parties agree to have a neutral third party  
(a mediator) conduct the process of  identifying positions and interests, and helping to find 
solutions acceptable to the parties in conflict. Both negotiation and mediation are voluntary 
processes from which the parties can choose to withdraw at any time.328  

In this context, an “interest-based” or “principled” approach to negotiation and 
mediation is recommended. There are four principles associated with this approach:  
(1) focusing on the underlying interests of  the parties in conflict; (2) addressing both 
procedural and substantive issues; (3) involving all stakeholders who are affected by the 
source of  conflict; and (4) understanding and accounting for the relative power/influence 
that stakeholders have in determining governance and policy outcomes.  

Summary of key ideas 

(a)  It is important to examine social factors that influence human preferences, 
choices and actions and how these behaviours affect marine ecosystems. 

(b)  Social norms and networks – “social capital” – shape individual and collective 
behaviour, and also facilitate co-operation among individuals and between 
groups of  individuals. 

(c)  The institutions and arrangements of  civil society establish “working rules” 
that are commonly known, and informally monitored and enforced. 

(d)  The sense of  moral obligation is common throughout society and may be a 
significant motivation explaining much of  the evidence on compliance 
behaviour. 

 
327  G. Borrini-Feyerabend, supra note 324, Volume II, sect. 4.15. 

328  Ibid., sect. 5.4. 
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(i)  NGOs at local, national, and international levels actively and purposefully seek 
to influence public policy on a wide range of  issues. 

Questions for discussion 

(a)  What social norms affect individual and collective attitudes and behaviour 
towards your marine ecosystem(s)? How do these norms affect attitudes and 
behaviour? 

(b)  To what extent do users of  the resources of  your marine ecosystem(s) comply 
with the laws and regulations that regulate use of  those resources? 

(c)  Are the laws, regulations and programmes for conservation and management 
of  your marine ecosystem(s) sufficiently supported? What are the key drivers 
of  this support in the context of  your marine ecosystem(s)? 

(d)  Do the institutions and arrangements of  civil society contribute to the 
conservation and management of  your marine ecosystem(s)? 

(e)  What organizations of  civil society (such as NGOs) are active in shaping 
individual and collective attitudes and behaviour towards your marine 
ecosystem(s)? 

(f)  What positions are these NGOs advocating and what segments of  society do 
they represent? 

(g)  How have NGOs affected policies related to your marine ecosystem(s)? 

(h)  Are the positions of  NGOs consistent with the sustainable development of  
your marine ecosystem(s)?  

(e)  The moral obligation to comply is based on an individual’s perception of  the 
fairness and appropriateness of  the law and related institutions. 

(f)  Most individuals are also influenced by their peers, or people who matter to 
them, when deciding whether to comply. 

(g)  Social influence is known to play a significant role in everyday social 
interaction, often taking subtle forms of  ostracism or withholding of  favours. 

(h)  The moral principles on which individuals base their own behaviour are also 
the basis for the social influence they exercise. 
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8. Sustainable financing 

During the past 30 years, coastal States have enacted numerous environmental and natural 
resource laws and programmes to mitigate or halt the degradation of  marine ecosystems. In 
this regard, national and international programmes exist to regulate pollution, reduce the 
destruction of  coastal wetlands, mangroves, and coral reefs, and manage fishery resources at 
scales that range from inshore small-scale fisheries to LMEs. In some regions, 
implementation of  these laws and programmes has resulted in substantial expenditures for 
pollution control, fisheries management, and land use regulation in the coastal regions. In 
other areas, however, there is a large “implementation gap” and little has been done to 
formally implement adopted policies and management schemes. 

There is no global accounting of  the total amount of  resources that coastal States have 
spent, and continue to spend, on programmes to improve the condition of  marine 
ecosystems. The latest available data on the amounts and sources of  funding globally for all 
protected area management totals US$6.5 billion annually.329 For comparison, it has been 
claimed that the operation of  a global network of  marine protected areas “might cost 
between US$7 billion and US$19 billion annually”. 330  Although the magnitudes are not 
known with much certainty, it is likely that expenditures on conservation and management 
of  marine ecosystems and resources have grown steadily since the mid-1970s. 

8.1 The financing challenge 

There is a growing awareness of  the need for, and application of, financial planning in 
environmental and resource management programmes. Several excellent guides for planning 
and implementing sustainable financing mechanisms are available, which explain the 
principles and methods of  developing financial plans, and explain and provide examples of  
specific financing mechanisms or tools being used throughout the world. 

As good as they are, these guides on sustainable financing tend to focus on a relatively 
narrow set of  issues and approaches to environmental and natural resource management. 
For example, the guides by the 2004 World Wildlife Fund (WWF) and the IUCN 331  
concentrate on financing protected areas, both marine and terrestrial. There is clearly a need 
for a set of  guidelines on sustainable financing for marine ecosystem projects that involve 

 
329  Emerton, L., J. Bishop and L. Thomas, Sustainable Financing of  Protected Areas: A global review of  challenges and options, 

IUCN, Gland, Switzerland and Cambridge, U.K., 2006, is also available from www.biodiversityeconomics.org. 
330  Spergel, B. and M. Moye, Financing Marine Conservation: A Menu of  Options, WWF Center for Conservation Finance, 2004. 

331  Financing Protected Areas Task Force of  the World Commission on Protected Areas of  IUCN, in collaboration 
with the Economics Unit of  IUCN, Financing Protected Areas, IUCN, Gland, Switzerland and Cambridge, U.K., 2000. 
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multiple approaches to management and, perhaps most challenging, multiple countries 
attempting to manage transboundary resources. 

An attempt to provide comprehensive guidelines on marine ecosystem sustainable 
financing is not made here. Instead, this section summarizes some of  the essential aspects of  
sustainable financing, and provides some directions on how managers of  marine ecosystem 
programmes can develop sustainable financing for their programmes. 

At the outset, managers of  marine ecosystem programmes and projects should view the 
development of  long-term financial plans for implementation as a top priority. A financial 
plan helps to determine the funding requirements, including the amounts and timing of  the 
funding, and to identify income sources for each of  the needs WCPA.332 In other words, 
planning involves both identifying how much money is needed for all the activities, and 
locating the most appropriate funding sources for short, medium, and long-term needs. In this 
respect, WCPA notes that some sources of  funding are more reliable than others, some 
sources are easier to raise than others, and some can be used freely according to management 
priorities, while others come with strings attached. In addition, funding sources vary depending 
on the length of  time for which they are available (e.g., bank overdrafts vs. mortgages), and by 
the effort required to acquire the funding. Some funding arrangements require considerable 
amounts of  time and effort to establish and, while they provide little revenue in the short 
term, they offer the prospect of  providing steady and reliable revenues over the long term. 

The WCPA (2000) provides an excellent set of  principles and procedures for developing 
plans for sustainable financing. Although the WCPA focuses on financial planning for 
protected area management, the guidelines can be readily adapted to marine ecosystem 
programmes. The guidelines prescribe three operational principles: 

(a) Develop financial plans within the full context of  marine ecosystem management 
plans and its legal framework; 

(b)  Adopt a business approach to financing marine ecosystem programmes, including 
identifying specific consumers (beneficiaries) of  marine ecosystem resources and 
management programmes, and determining methods for capturing appropriate 
remuneration from those consumers; and 

(c)  Link public revenue streams to public goods, and link private revenue streams to club, 
local public and private goods.333  

 
332  Ibid. 
333  Public goods are those which, when provided, are available to all for free. More specifically, public goods are those 

for which one party’s use of  the good does not subtract from another party’s use (examples include marine research and 
education, navigational aids, clean waters and beaches, habitat and species preservation and restoration, early warning 
systems for tsunami and typhoons, and attractive vistas). In the case of  private goods, one party’s use subtracts from, and 
perhaps precludes, the use by another party (examples include exclusive individual mining and fishing rights). In addition, 
there is a wide variety of  government goods and services that are impure public goods, which are neither perfectly non-rival 
nor perfectly non-excludable. Goods (or services) that are excludable and non-rival are club or local public goods; and 
goods that are non-excludable and rival are common-pool goods. 
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The guidelines encourage programme managers to investigate a wide range of  financing 
options and to diversify their portfolios of  revenue sources. The guidelines also explain how to 
identify and classify benefits from the environmental and natural resources, and how to link 
the consumers/beneficiaries with each form of  the benefits. In addition, the guidelines explain 
the basics of  implementing the financial plan in the context of  an overall business plan for the 
management programme. The second part of  the guidelines catalogues various sources of  
funding, and the third part presents a few case studies of  sustainable financing programmes. 

A recent update of  the WCPA guidelines provides a more sophisticated and complete 
exposition of  sustainable financing for protected areas. 334  Numerous examples and case 
studies are presented that demonstrate the full set of  challenges and promising prospects of  
sustainable financing approaches. There is, however, a need to adapt and expand the 
guidelines to account for the multinational, transboundary resource aspects of  marine 
ecosystem projects. 

8.2   Mitigating the impacts of markets and addressing government performance 

Sustainable financing can potentially yield multiple dividends. In addition to covering the 
costs of  marine ecosystem projects, financing arrangements and mechanisms can be used to 
tame markets and mitigate the negative impacts that markets can cause to ecosystems. As 
explained above, markets do not necessarily reflect the full costs of  using ecosystem 
resources and services and may drive economic activities that lead to degradation of  
ecosystems. Sustainable financing offers a suite of  mechanisms for creating markets that tell 
the ecological truth, and mitigate their tendency to harm marine ecosystems. 

The judicious application of  taxes, user charges, fees, and other financing mechanisms 
can make markets more ecologically “truthful”. It is anticipated that by calibrating taxes, 
charges, and fees, to reflect ecological costs, and adding them to costs of  capital and labour, 
market-driven activities will reduce exploitation of  fisheries, damage to habitat, and pollution. 
For example, pollution charges resulting from damage assessments for marine oil spills could 
provide the funds for cleanup and restoration of  injured resources. Thus, compensation for 
damages provides sustainable financing for protection of  marine ecosystem resources. In 
addition, charging polluters for damages also internalizes environmental costs so that the 
ecological costs of  a harmful activity are better reflected in the market price of  outputs. By 
raising the cost of  market goods to include their harmful effects, charging polluters for 
damages serves to help “get the price right”, a cornerstone in sustainable resource use. 

In addition to helping to correct market failures, sustainable financing mechanisms have 
the potential to improve government performance. If  properly designed and implemented, 

 
334  L. Emerton, J. Bishop and L. Thomas, supra note 329. 
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user charges and other mechanisms can mitigate the effects of  short-term priorities, link 
benefits with costs, and reduce government inefficiencies in the provision of  policies and 
programmes. Ensuring that beneficiaries of  government efforts pay in proportion to the 
benefits they derive from the use of  ecosystem resources and services – through the use of  
taxes, user charges and fees, for example – encourages cost-effective provision of  
government programme products.335  

8.3  Valuation of ecosystem goods and services  

In recent years, efforts have been made to attach monetary value to what are termed “ecosystem 
services” such as waste assimilation and provision of  habitat for living resources.336 This process 
of  ecosystem-service evaluation provides an explicit and, perhaps, a more identifiable sense of  
importance to those services, and merits careful consideration.  For example, clear recognition 
of  the nature and significance of  ecosystem services afforded by coastal mangroves, in terms of  
fishery habitat and storm abatement, needs to be widespread and appreciated.  Such knowledge 
and understanding will serve to attach greater significance to mangrove protection and could 
encourage the internalization of  the costs that would be incurred by mangrove destruction and 
the loss of  the services they provide. Ultimately, such valuation will lead to more careful 
attention to the health of  the natural environment. 

The coastal and marine natural resources of  a marine ecosystem can therefore be seen as 
capital assets – in effect, representing wealth embodied in the marine natural resources. 
Capital assets – natural or otherwise – can provide valuable services (“interest”) over time if  
maintained. Resource valuation involves the use of  concepts and methods to estimate the 
economic value that the public holds for ecosystem services and assets. These services may 
be direct or indirect, and they may or may not be bought and sold in the marketplace. 

Direct services include on-site use of  marine parks, beaches, exploitation of  marine 
minerals, or harvesting of  fish, shellfish, or wood from mangroves, as well as bioprospecting. 
Indirect services often occur off  site, for example, a mangrove stand which provides the 
breeding ground for fish harvested many miles away. Some natural resources services are 
exchanged in organized markets, such as commercial fisheries, oil and other minerals, coastal 
land and other property, or tourism. However, a central feature of  many, if  not most, marine 
ecosystems are that the services they provide are not traded in markets. For example, the 
services provided by mangroves, corals, and sea grasses, water quality, recreation, scenic 
amenities and biodiversity are not bought and sold in markets and, as a result, are often given 
inadequate attention in public policy. 

 
335  See P. Andersen and J.G. Sutinen, supra note 308, for a detailed discussion of  this issue. 
336  Costanza, R., et al., “The Value of  the World’s Ecosystem Services and Natural Capital”, Nature 387, 1997, pp. 253-260; 

National Research Council, Valuing Ecosystem Services: Toward Better Environmental Decision-Making, National Academies Press, 
Washington, D.C., 2004;  Rosenberg, A.A. and K.L. McLeod, “Implementing Ecosystem-Based Approaches to Management 
for the Conservation of  Ecosystem Services”, Marine Ecology Progress Series 300, 2005, pp. 270-274;  IUCN, How Much is an 
Ecosystem Worth?, IUCN, the Nature Conservancy and the World Bank., Washington, D.C., 2005. 
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Figure 8:  Living beyond our means: Natural assets  

and human well-being, millennium ecosystem, assessment. 

 
 

Resource valuation can also be used to inform policy for improving resource 

management. Many advances have been made in natural resource valuation, and the 

opportunities and limitations are becoming increasingly well understood.337  The multitude 

of  studies and applications documented to date is evidence that data problems and other 

difficulties are being overcome, and that resource valuation is becoming a critical tool for 

managing ecosystem resources. 

 
337  See Bolt, K., G. Ruta and M. Sarraf, Estimating the Costs of  Environmental Degradation, the World Bank, 2005, at 

http://web.worldbank.org/. Excellent examples of  resource valuation studies can also be found at several websites, 
including IUCN’s Biodiversity Economics, see www.biodiversityeconomics.org/; the Conservation Finance Alliance, at 
www.conservationfinance.org/, and the World Wildlife Fund (WWF), at www.worldwildlife.org/, among others. 
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Box 27: Philippines: Protecting coastal resources  
supports economy, promotes citizens’ well-being 

Philippine coastal waters contain some of the world’s most diverse ecosystems and its waters 
are characterized by extensive coral reefs, sea grass beds, dense mangrove forests, and pristine 
and beautiful beaches. The country’s coastal and marine resources are considered to be the 
richest in marine biodiversity in the world. However, only four to five percent of coral reefs 
remain in excellent condition. More than 70 percent of the nation’s mangrove forests – 
essential nursery grounds for reef fish as well as other commercial species of economic and 
ecological value – have been converted for aquaculture, logging, or other uses, and half of the 
seagrass beds have either been lost or severely degraded. The loss of mangroves and seagrass 
beds is a major blow to adjacent coral reefs even if they remain intact. Protecting these habitats 
from physical alteration as well as from excessive harvesting of resources is essential to 
maintaining the health and productivity of the entire coastal ecosystem. 

A joint report of the World Bank and the Department of Environment and Natural Resources 
called on local communities and the public to save coastal and marine resources from 
degradation, which threatened not just the coastal communities but the national economy as 
well. According to the World Bank Country Sector Coordinator, the environmental losses also 
impacted the national economy. “The economic costs of environmental degradation of coastal 
and marine resources are significant,” says Shah. “The economic benefits of Philippine coastal 
resources are estimated at PhP180 billion (US$3.5 billion) per year. Coral reefs alone 
contribute about 1.4 percent of GDP, and it is estimated that one square kilometre of healthy 
coral reef generates an estimated PhP2.5 million (US$50,000) from fishing and tourism. Yet 
habitat loss, unsustainable fishing practices (e.g., use of dynamite and cyanide), and continuing 
trade in endangered marine species are increasingly threatening coastal biodiversity and 
livelihoods”. 

The economic impact of over-fishing was estimated at about PhP6.5 billion (US$125 million) 
per year in lost fish catch. In the 1990s, harmful algal blooms largely caused by increasing 
pollution loads cost the economy about PhP1.6 billion (US$30 million) yearly in export losses. 
The human toll was also significant: Premature deaths among the working population due to 
water pollution in Manila Bay had an immeasurable human impact and were estimated to 
cause productivity losses of PhP310 million (US$6 million) per year. Moreover, coastal 
communities that depended directly on fish and other coastal and marine resources for their 
livelihood were among the poorest in the Philippines, with 4 of 10 coastal residents living under 
the poverty line.  

The report urged local governments to adopt an integrated approach to managing resources to 
address the various threats to coastal ecosystems, including poor water quality, eroding 
coastlines, and over-harvested fish stocks. The report stated that it was important to promote 
environment-friendly practices, including reducing fishing effort to allow degraded stocks to 
recover, and to provide alternative livelihoods that generate income especially for the poor 
coastal communities while reducing pressure on coastal resources. 

See www.worldbank.org.ph/pem. Last accessed October 2008. 
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In addition, estimates of  the value of  lost or degraded ecosystem services and assets can 
be used to calculate the ecological costs of  market-driven activities. Once resource valuations 
have estimated the ecological costs of  resource extraction and pollution, and reduced 
productivity are calculated, the costs can be incorporated into the market prices. The 
ecological costs can be incorporated into market prices by applying taxes and user charges to 
those activities that harm the ecosystem. In other words, the ecological cost estimates can be 
used to design financing mechanisms that correct market prices that would otherwise ignore 
ecological costs. 

 

 

(b)  Planning involves both identifying how much money is needed for all the 
activities and locating the most appropriate funding sources for short, 
medium, and long-term needs. 

(c)  Sustainable financing potentially can yield multiple dividends, including 
covering the costs of  marine ecosystem projects, taming markets and the harm 
that markets can do to ecosystems, and improving government performance. 

(d)  Calibrating taxes, charges, and fees, to reflect ecological costs, and adding them 
to costs of  capital and labour, will drive market-driven activities to reduce the 
harm they can do to marine ecosystems. 

(e)  In addition to helping to correct failures of  markets, sustainable financing 
mechanisms have the potential to improve government performance. 

(f)  The natural resources of  a marine ecosystem are capital assets – in effect, 
representing wealth embodied in its marine natural resources – which can 
provide valuable services over time if  maintained, much like savings in a bank 
provides a flow of  interest income. 

(g)  Resource valuation involves estimating the economic value that the public 
holds for ecosystem services and assets. 

Questions for discussion 

(a)  Are there sustainable financing arrangements in place to support the 
conservation and management programmes in your marine ecosystem(s)? If  
so, describe the arrangements. If  not, how are these programmes currently 
supported? 

(b)  What are the three operational principles for developing sustainable finance 
plans? 

(c)  What are the direct and indirect economic values of  your ecosystems? 

Summary of key ideas 

(a)  Managers of  marine ecosystem programmes and projects should view the 
development of  long-term financial plans for their implementation as a top 
priority. 
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9. Meeting the challenges 

Although governments, markets and civil society are potent determinants of  the condition 
of  marine ecosystems, these mechanisms are not always supportive of  the goals of  
sustainable development. In this respect, there are several key challenges inherent in each 
mechanism that can be addressed. The following section briefly discusses some 
contemporary ideas for overcoming some of  these challenges in the development and 
application of  an ecosystem approach. 

9.1  Economic challenges 

As explained above, markets do not properly value ecosystem goods and services and natural 
assets. Key to creating a market that supports sustainable development of  marine ecosystem 
resources is to get it to tell the ecological truth. Markets that are designed or reformed to tell 
the ecological truth will correct or mitigate their tendency to harm marine ecosystems. 

To that end, the ecological costs of  activities that extract marine ecosystem resources 
and pollute and alter the environment must be estimated. Economists, working with natural 
resource scientists, can apply valuation techniques to calculate these costs, which involves the 
integration of  socio-economics with the natural sciences.338  

Once the ecological costs of  resource extraction, pollution, and reduced productivity are 
calculated, the costs can be incorporated into the market prices. There are various ways in 
which these ecological costs can be incorporated into market prices (see Module IV, sect. 8). 
One way to incorporate ecological costs into market prices is to apply taxes to those 
activities that harm the ecosystem. Another way is to place a cap on the amount of  the 
damaging activity and allow producers to trade their allowances – known as “cap and trade” 
and “tradable permits.” 

Subsidizing economic activities, such as fishing and agriculture, also leads to 
overexploitation and damage to marine ecosystems. Conservative estimates of  government 
subsidies to the fishing sector amount to more than a quarter of  the annual value of  trade in 
fish.339 Many of  these subsidies, in effect, lower the cost of  fishing, further distorting the 
market’s ability to tell the ecological truth. Economists can help to assess the nature and 
extent of  subsidies, identify which subsidies cause overfishing and overcapacity and which 
can then be phased out or replaced with environmentally neutral subsidies. 

 
338  For examples of  integrated assessments, see Hennessey, T. and J. Sutinen (eds.), “Sustaining Large Marine 

Ecosystems: The Human Dimension”, Large Marine Ecosystem Series 13, Chapters 9 – 12, Elsevier B.V., Amsterdam, 2005. 

339  Milazzo, M., “Subsidies in World Fisheries: A Reexamination”, World Bank Technical Paper 406, Washington, D.C., 1998. 
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Box 28: The role of subsidies in the fisheries sector 

As a general rule, subsidies reduce fishing costs as well as related infrastructure and service 
costs. Subsidies thereby increase profitability and hence the demand to participate in the 
fishery. Providing subsidies also creates expectations that the industry will be rescued from 
financial crises. As a result, investments may be forthcoming that would not otherwise appear, 
i.e. fishers will undertake riskier investments.  

Cunningham, S. and J. Maguire, “Factors of Unsustainability in Fisheries”, FAO Fisheries Report 
672, International Workshop on Factors contributing to Unsustainability and Overexploitation in 
Fisheries, Bangkok, 4-8 February 2002. 

Despite the alarming state of the world’s fish stocks, certain kinds of subsidies that will 
ultimately negatively impact both fish and fishers are still granted. In this respect, it is 
important to emphasize the impact subsidies may have on the entire community in the long-
term. Initially, in fact, taxpayers may benefit from plentiful supplies of low price fish, but in the 
long term they will pay twice: once to pay fishers to fish and again when the price of fish rises 
because stocks have been overfished. Unfortunate taxpayers may even have to pay a third time, 
as in Canada, where fishers have to be paid not to fish because stocks have been overexploited. 

Clover, C., The End of the Line, London, 2004.      

Subsidies represent one of the greatest root causes of over-capacity in the fishing industry.  
It may be possible to design some subsidies programmes that impact capacity in a way that 
enhances sustainability (e.g., buybacks), but the evidence suggests that this is very difficult to 
achieve.  

Holland, D., E. Gudmundsson and J. Gates, “Do Fishing Vessel Buyback Programs Work: A Survey of 
the Evidence”, Marine Policy 23 (1), 1999, pp. 47-69. 

 

The approach that some countries are taking is not simply to add more taxes and 
eliminate subsidies, but rather to shift taxes and subsidies to work in ecologically benign ways. 
For example, some countries are reducing income and property taxes in exchange for adding 
taxes on environmentally damaging activities, with an overall neutral effect on the total 
amount of  taxes collected.340 Subsidies can also be shifted such that their overall level is 
essentially unchanged while they no longer promote ecological harm. 

The operation of  the marketplace can also be conditioned by the emergence of  the 
phenomenon of  eco-labeling, which may benefit and provide incentives to those who 
produce products in a manner that is supportive of  natural system sustainability.  In this 
respect, it has been increasingly recognized that the marketplace can be utilized to address 
environmental problems.341  

 
                                                 

340  L. Brown, supra note 309. 

341  UNEP, The Use of  Economic Instruments in Environmental Policy: Opportunities and Challenges, UNEP/ETB/2003/9, 2004; 
UNEP, Economic Instruments in Biodiversity-Related Multilateral Environmental Agreements, UNEP/ETB/2003/10, 2004. 
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Actions taken to mitigate the negative impacts of  economic activities, so that they 
support conservation, will improve the ecological condition of  marine ecosystems.342 With 
effective management and economic mechanisms, the condition and non-market value of  
ecosystem services will begin to rebound in the near future and the market value of  marine 
ecosystem-related economic activities will eventually grow to new heights – the result of  
markets that work in harmony with the marine ecosystem. 

Several actions can be taken to prevent markets from creating and/or aggravating 
economic inequities. The first task should be to level the economic playing field by creating 
an economy in which all individuals have the opportunity of  access to markets (i.e., access to 
credit, labour, ocean resources and other markets that exist). In addition, when new markets 
are created (for example, for rights to use marine ecosystem resources) ensure that they are 
designed to allow participation by small producers who may otherwise not have access to the 
market. Ensuring access may require government-guaranteed loans to small producers for 
the purpose of  purchasing fishing quota and other resource use rights.  

Another avenue for levelling the economic playing field is to design or reform market-
access arrangements to encourage community-based organizations to participate in marine 
ecosystem resource-related markets. Alternatively, if  communities or small producers lack 
the will or ability to participate in such markets, arrangements to share revenues generated by 
the use of  marine ecosystem resources can be implemented. Such revenue-sharing 
arrangements have proven effective in giving local communities a stake in the ecological 
health of  animal populations and their habitat. 

9.2  Government challenges 

Government institutions can be expected to produce effective conservation policies for 
marine ecosystems when those who sacrifice can expect proportionate benefits. To 
implement this principle, governance arrangements should include the following: 

(a) Devolve to users and other stakeholders with strong interests in a marine ecosystem, 
the rights and responsibilities of  setting management policies and bearing the full 
consequences of  those policies. Such action would attempt to harmonize interests of  
managers and users to act in the common interest. This can be achieved, for example, 
by efforts to encourage and facilitate implementation of  individual or community 
fishing quota and other rights-based programmes. Examples of  rights-based 
methods include the lobster management zones in Maine, quota holder associations 
in New Zealand, and the community-based management regime in Japan. Under this 

 
342 Le Quesne, T. and R. McNally, The Green Buck: using economic tools to deliver conservation goals, WWF Field Guide, U.K., 2005. 
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type of  arrangement, the government still has a role in management, but it should be 
the role of  oversight rather than operational decision-making. Appropriately done, 
such arrangements would greatly weaken the short-term focus of  resource users, 
giving them the incentive to make the short-term sacrifices needed to rebuild 
depleted stocks and avoid overfishing. 

(b) Remove or minimize opportunities for government institutions to produce policies 
and programmes with de-coupled costs and benefits. In current governance systems, 
many policies and programmes provide benefits for a select few and impose 
widespread costs. The full costs of  environmental and fishery management 
programmes need to be recovered from the beneficiaries of  such management. In 
other words, there is a need for beneficiaries to pay in proportion to the benefits they 
receive. In some cases, this would mean imposing user fees on resource users, while 
in other cases, policies and programmes would have to be paid by the general 
taxpayer. Properly designed and implemented, cost-recovery can have sizeable 
beneficial effects on the performance of  environmental and fishery management 
programmes.  

(c) Political interference in resource management should be minimized as much as 
possible. For example, Australia has attempted to remove fishery management from 
the political arena by establishing the Australian Fisheries Management Authority 
(AFMA) in 1991. By statute, AFMA has the day-to-day responsibility for developing 
and implementing fishery management plans. Political involvement in fishery 
management is allowed only at the strategic level. Commonwealth government 
agencies have no authority to develop or implement fishery management plans. 
Another way to minimize political interference may be to request government 
representatives to pledge not to interfere in the development and implementation of  
fishery management plans, and to ensure the transparency of  their contacts with 
interest groups. 

9.3  Challenges associated with civil society 

As noted above, civil society may be supportive of  sustainable development of  oceans and 
seas, depending on whether social norms are consistent with conserving marine ecosystem 
resources, protecting habitats and the quality of  the marine environment. In particular, social 
norms and networks may or may not support compliance with the regulatory measures 
established to achieve sustainable development of  marine ecosystems. 

It is becoming increasingly evident that a critical and necessary condition for successful 
environmental and natural resource management is user support for the management 
programme. Without widespread industry support, for example, a resource management 
programme is likely to fail. As noted above, the vast majority of  compliant behaviour is 
“voluntary,” and more the result of  institutional legitimacy than coercive enforcement. 
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Legitimacy effectively functions as a stock of  loyalty on which leaders can draw. Those who 
accept an authority’s legitimacy tend to comply with its dictates even when the dictates are 
contrary to an individual’s self-interest. Legitimacy and voluntary compliance can be 
strengthened through meaningful participation by stakeholders in the design and 
implementation of  policy, and through moral suasion. 

 
 

 

(i) A critical and necessary condition for successful environmental and natural 
resource management is user support for management programmes, which is 
closely linked to the legitimacy of  regulatory policy and practices. 

(j) Legitimacy and, in turn, support for management programmes, can be 
enhanced by significant levels of  stakeholder participation and moral suasion. 

(a)  Key to creating a market that supports sustainable development of  marine 
ecosystems is to get it to tell the ecological truth. 

(b)  Once the ecological costs of  resource extraction, pollution, and reduced 
productivity are calculated, the costs can be incorporated into market prices. 

(c)  Adding more taxes and eliminating subsidies may not necessarily be the 
solution. Shifting taxes and subsidies to work in ecologically benign ways may 
be more effective. 

(d)  To prevent markets from creating and aggravating economic inequities the 
economic playing field must be levelled by creating an economy where all 
people have equal opportunity of  access to markets. 

(e)  When new markets are created (for example, for rights to use marine 
ecosystem resources) they have to be designed to allow participation by small 
producers, who may otherwise not have access to these markets. 

(f) Devolving to users and others with strong interests in a marine ecosystem the 
rights and responsibilities of  setting management policies and the bearing of  
consequences of  those policies is expected to improve government 
performance. 

(g) Cost-recovery arrangements (such as user fees) that recover the full costs of  
resource management from the beneficiaries of  that management are also 
expected to improve government performance. 

(h) Political interference that can impede conservation efforts should be 
minimized. 

Summary of key ideas 
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Questions for discussion 

(a) What are the ecological costs caused by human activities in your marine 
ecosystem(s)? 

(b) What, if  any, measures are in place in your marine ecosystem(s) to get markets 
to tell the ecological truth? 

(c) What opportunities exist in your marine ecosystem(s) to shift taxes and 
subsidies to work in ecologically benign ways? 

(d) What measures could be used to improve opportunities for those who do not 
have full access to the markets for marine ecosystem resources, as well as to 
markets for credit, insurance, human capital, and ocean resources? 

(e) To what extent have government institutions failed to support sustainable 
development of  your marine ecosystem(s)? What are the underlying causes of  
these failures? 

(f) What measures are in place in your marine ecosystem(s) that affect the 
performance of  government institutions? 

(g) To what extent do resource management programmes in your marine 
ecosystem(s) have public support? What is the basis for the support or lack of  
support? What can be done to improve the level of  support? 
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Objectives 

By the end of this Module, participants will be able to: 

 Highlight the role of governance in providing the mechanisms to advance an 

ecosystem approach to the management of ocean-related activities 

 Describe the importance of gap analysis of current governance to identify 

shortcomings in ocean management systems and identify ways to close gaps 

 Explain that management efforts must be continually adapted to take into  

account the growing body of actual experience and advances in knowledge 

 Describe ecosystem health assessment and monitoring 

 Highlight the important role of marine scientific research in the development  

and implementation of ecosystem approaches 

 Explain the role of area based management tools in the development and 

implementation of an ecosystem approach 

 Identify basic types of methods for financing government programmes 

 Explain the criteria that can be important in assessing financing options 

 Comprehend the challenges in developing and implementing an ecosystem  

approach 
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1. Introduction 

This Module presents information on the development and implementation of  an ecosystem 

approach, in particular, in the context of  transitioning to an ecosystem approach or adjusting 

existing management approaches, such as integrated coastal management.  

The Module provides an overview of steps to be undertaken in the development and 

implementation of an ecosystem approach. The role of an effective governance system in 

supporting the development and implementation of principles and guidance for an 

ecosystem approach is highlighted, with particular attention to governance functions. The 

Module also describes some of the most critical governance challenges, in particular the 

identification of ecosystem objectives, and the need for monitoring and for efforts to 

address knowledge gaps, in the context of adaptive management. The challenges pertaining 

to resource allocation in the development and implementation of an ecosystem approach, 

particularly in terms of financial resources, is discussed to address the need to ensure the 

sustainability of financial resources. The Module concludes with a description of challenges 

in the development and implementation of an ecosystem approach and how they can be 

addressed.  

2. Developing and implementing an ecosystem approach343 

The transition towards an ecosystem approach requires action to ensure that the 

components of  an ecosystem, the phenomena and activities that affect it, and the legislative 

and policy frameworks are coordinated in a systematic manner to address interactions and 

cumulative effects. This may require the enhancement of  institutional frameworks, as well as 

appropriate coordination and collaboration among managers of  the various sectors involved, 

and perhaps new policy and legislative instruments. States that are already implementing 

integrated coastal zone management may use it as a platform to build an ecosystem 

approach to management, which may involve a wider spatial scope and a change of  focus 

towards the science-based preservation of  ecosystem components, interaction and 

functioning.  

 
343 The information in this section is based on the report of  the United Nations Secretary-General, contained in 

document A/61/63, paragraphs 135-152. 
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9 below).347  

As described in Module I, there are a number of different ecosystem approaches, but 
there are also common features among these approaches and the goals are generally 
consistent.344 There is also no single way to implement an ecosystem approach and strategies 
may vary from one ecosystem to the next.  

2.1 Summary of steps in the development and implementation  
of an ecosystem approach 

Developing and implementing an ecosystem approach is necessarily dependent on the 
composition and functioning of  individual ecosystems and the pressures upon them, which 
are specific to different geographic areas and depend on scale. Planning and implementation 
of  an ecosystem approach should thus be based on specific conditions of  the ecosystem 
concerned.345 In this respect, there is no single universal institution for planning or 
implementing ecosystem approach strategies, and it should be carried out at local 
community, national or regional levels depending on relevant conditions.346 The 
development of  a management plan could assist to that end (see also Box 2

The following section describes the steps, already outlined at the beginning of the 
Manual (See, Overview of Steps in the Implementation of an Ecosystem Approach,  
Module I, page xix), that are generally necessary in this process, which can be incorporated 
into management plans.  
 

Box 29: Integrated management of the marine  

          environment  of the Norwegian sea 

Norway adopted a new Nature Management Act and a Marine Resources Act, which 
entered into force on 1 January 2009. These Acts further strengthened the implementation 
of the management plan for the Barents Sea–Lofoten area, which was launched by the 
Norwegian government in 2006, through a white paper on a new, integrated management 
plan for the Norwegian part of the Barents Sea.  

The management plan provides a framework for value creation and co-existence between 
industries through the sustainable use of natural resources and ecosystem services. In 
addition, ecosystem structure, functioning and productivity must be sustained and the 
diversity of the natural environment protected. The management plan clarifies the overall 
framework for both existing and new activities, and also facilitates continued value creation 
based on the resources of the Norwegian Sea. Until now, the various forms of use of 

                                                 
344  N. L. Christensen, et al., supra note 16. 

345  Global Environment Facility, supra note 7. 

346  Secretariat of  the Convention on Biological Diversity, supra note 14, p. 36. 

347  See “Beginners’ Guide to using the Ecosystem Approach”, at www.cbd.int. 



 Developing and implementing an ecosystem approach 

 
 

191

Norway’s sea areas and their resources have been assessed and managed in relative 
isolation. The many different pressures and impacts that affect ecosystems and species 
have not been taken sufficiently into account, and nor has the principle that the cumulative 
effects must not exceed sustainable levels. The management plan will thus be used as a tool 
both to facilitate value creation and to maintain the high environmental value of the area. 
Commercial activities in the Norwegian Sea area have spin-off effects on employment and 
value creation in mainland Norway. The white paper therefore describes both 
environmental conditions in the Norwegian Sea and the importance of the area for 
commercial activities and social conditions in the four counties that border on the 
Norwegian Sea. The management plan is also intended to be instrumental in ensuring that 
business interests, local, regional and central authorities, environmental organizations and 
other interest groups all have a common understanding of the goals for the management of 
the Norwegian Sea. 

See www.regjeringen.no/en/dep/md/documents-and-publications/government-propositions-and-
reports-/Reports-to-the-Storting-white-papers-2/2008-2009/report-no-37-2008-2009-to-the 
-storting.html?id=577875. Last accessed October 2008. 

 

2.1.1 Identification of the geographical scope for the application  
of an ecosystem approach 

The first step in the development of  an ecosystem approach is to identify the area in which 
it will be applied. An ecosystem approach may be applied at a number of  geographic scales, 
depending on geophysical characteristics, the location of  human activities (socio-economic 
factors), the relevant jurisdictional scope of  governmental institutions and the problems or 
issues that need to be addressed. 

Ecosystem boundaries are typically based on biogeographic and oceanographic 
characteristics among sea areas within the jurisdiction of the State concerned. The 
geographic span of management should reflect ecological characteristics and should 
encompass both the marine and the terrestrial components of the coastal zone. Factors to 
take into account include: (a) biogeographic characteristics, such as the composition of 
faunal communities and patterns of primary production; (b) physical oceanographic 
characteristics, such as depths, basin morphology, tidal and ocean currents, temperature,  
or degree of seasonal stratification; (c) links between the marine and terrestrial environment, 
including patterns of land use and distribution and density of human populations; and  
(d) human activities (see Module II). 

It is also important to take into account the existing political, social and economic 
divisions in a way that reduces conflicts and inconsistencies in the management process. As 
various authorities in a government may have different competencies, all administrations 
may need to be involved, especially if the ecosystem concerned is affected by factors outside 
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its boundary. In areas where the biogeographic ecosystem crosses international boundaries, it 
is important for States to pursue bilateral or regional cooperation.  

2.1.2  Scientific research and analysis of the components of the ecosystem,  
their interaction and functioning 

Scientific research and analysis of  the composition and functioning of  an ecosystem are 
necessary for an initial description of  the ecosystem, as a basis for the assessment of  its 
condition, and for identifying ecological and operational objectives, ecological indicators and 
reference points. As outlined in Module II, the description of  an ecosystem will involve an 
analysis of  ecosystem structure (inter alia, species and size compositions, spatial 
distributions, population trends, keystone species) and functioning (inter alia, productivity, 
predator-prey relationships and energy flows), biodiversity features and species supporting 
economic activities and industries such as fishing and ecotourism.  

It is important for governments to support continued scientific research to improve 
understanding of marine ecosystems to ensure that they are given appropriate protection 
within the context of sustainable development. Human resources should also be developed 
to ensure a better understanding of marine science and technology and how they apply to 
ecosystem approaches, since the linkages between science, management and policy-making 
are often difficult to comprehend. As the science will almost always be incomplete, managers 
will have to make use of the best available science and apply precaution when developing 
measures for conservation and sustainable use (also see sect. 5 below). 

2.1.3  Assessment of the condition of the ecosystem 

Assessment of  the status or condition of  the ecosystem is a science-based activity, using the 
best information and practice available. It involves an evaluation of  environmental quality, 
including the presence of  contaminants, nutrients, acidification, physical destruction of  
habitats, status of  fish stocks, presence of  alien species, loss of  biodiversity and cascading 
effects of  changes in the ecosystem, whether natural or human-induced. As described below, 
new assessments should be conducted periodically to reflect possible changes in the 
ecosystem, both beneficial and detrimental. 

2.1.4 Establishment of ecological and operational objectives to maintain biodiversity, 
productivity, water quality and habitat quality in a given ecological region 

Based on the analysis of  the components of  the ecosystem, their interaction, functioning 
and status, managers should set ecological socio-economic and operational objectives that 
clearly specify the state of  the ecosystem to be achieved, which should include the position 
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and activities of  humans within it and reflect the values and wishes of  the stakeholders. 
Effective objectives relate to measurable properties of  ecosystems and human societies, so 
that indicators and reference points can be developed to measure progress towards the 
objective. The process for identifying objectives must be inclusive and consultative. 
Objectives in different areas will reflect different ecological, social and economic properties, 
the available scientific knowledge, human activities in the areas and pressures on the 
ecosystem, as well as human and institutional capacities (see sect. 3 below).  

2.1.5  Selection of ecological indicators to ensure that ecological objectives are being met 

Indicators, limits and targets are required to monitor progress towards meeting operational 
objectives and to guide management decision-making. Indicators may describe ecosystem 
status, activity-specific ecosystem properties or impacts, and should be measurable, using 
existing instruments, monitoring programmes and analytical tools available in the area and 
on time-scales needed to support management measures and decision-making. They should 
also reflect features of  ecosystems and human impacts that are relevant to the achievement 
of  operational objectives. Moreover, they should be concrete, cost-effective and easily 
understood by stakeholders. Lastly, indicators should be responsive to effective management 
action and provide rapid and reliable feedback on the consequences of  management actions 
(see sect. 4.2 below). 

2.1.6  Identification of pressures and impacts on the ecosystems 

In conjunction with an analysis of  ecosystem functioning, an assessment of  its status, and 
the determination of  ecosystem objectives, an ecosystem approach involves the 
identification of  pressures and impacts on the ecosystem. These can include pollution by 
hazardous substances from a variety of  sources, microbiological pollution, eutrophication 
caused by excessive inputs of  nutrients, marine debris, anthropogenic underwater noise, 
invasive alien species, loss of  biodiversity, physical destruction of  habitats and the alteration 
of  ecosystem structure and functioning by a variety of  factors, both natural and 
anthropogenic, including climate change, El Niño, hurricanes, earthquakes and tsunamis. 

2.1.7  Analysis of existing legal framework and identification of gaps,  
overlaps and inconsistencies 

National legislation should be analysed to ensure that it supports and facilitates the 

application of  an ecosystem approach. Inconsistencies should be reconciled and, where 

lacking, a supportive legal framework should be developed. An effective administration is 

also necessary.  
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Some countries have found it useful to develop a national oceans policy as a framework 
to implement an ecosystem approach. Assistance in building the institutional capacity, in 
drafting appropriate legislation and in developing the human resources necessary to apply an 
ecosystem approach may be required (see sect. 2.2 below). 
 

BOX 30: Mexico’s ocean policy 

Mexico has adopted ecosystem-based management as one of the principles of its national 
environmental policy for oceans and coasts, and it has engaged in the development and 
implementation of an ecosystem approach to its coasts and the surrounding seas, including 
the Gulf of Mexico, the Gulf of California as well as the Pacific Central American Coastal 
LME, in cooperation with its neighbouring countries. The objective of the National 
Environmental Policy for the Sustainable Development of Oceans and Coasts is to lead a 
sustained development of the coastal areas in terms of the health of the ecosystems, as well 
as the economic and social development of the population living within them, trying to 
minimize the risks that could affect the environment. It has an integrated vision which 
involves government, society, science and technology and public interests in the 
procurement and instrumentation of programs that outline uses, sustainable development 
and protection of ecosystems, their resources and environmental services. 

Torres, P. A., Sea Use Planning of the Gulf of California - A Tale of an Ecosystem Based 
Management Process, presented at the United Nations Open-ended Informal Consultative 
Process on Oceans and the Law of the Sea, 12 June, 2006, is available from 
www.un.org/Depts/los/consultative_process/7thmeetingpanel.htm. Last accessed October 2008. 

 

2.1.8  Management of human activities that affect or might affect the ecosystem 

An ecosystem approach requires that human activities that affect or might affect the 
ecosystem are managed in an integrated manner that takes account of  synergistic and 
cumulative effects on the physical and biological components of  the ecosystem and their 
interaction. Many of  these activities may already be managed sectorally or through integrated 
coastal management, without necessarily taking into account their effects on the ecosystem, 
either individually or collectively. Under an ecosystem approach, managers take into account 
the potential effects of  the activity on the ecosystem in their management plans and 
measures, with a view to protecting the ecosystem by reducing, controlling or even 
eliminating deleterious effects. Consideration should be given to the use of  environmental 
impact assessments to determine the effects of  certain actions on marine ecosystems and to 
enable mitigation measures to be taken (see Module III). 

Managers in different sectors should also coordinate measures to ensure they are 
compatible and mutually reinforcing in the protection of marine ecosystems. Managers 
should also understand the potential significance of cumulative impacts in all decisions and 
actions and consider both direct and indirect impacts. The complexities of an ecosystem 
approach require that management should be better integrated across agencies, economic 
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sectors and levels of government. The selection of the appropriate scale and area for the 
application of an ecosystem approach should facilitate the effective coordination of 
measures taken by diverse agencies (see sect. 2.2 below). 

2.1.9  Stakeholder participation, public involvement, education and outreach 

The application of  an ecosystem approach requires transparency, awareness-raising among 

the public and the involvement of  all stakeholders. Ensuring significant and meaningful roles 

for input and participation of  individual stakeholders and groups is essential in the shaping, 

execution, and evolution of  all management functions (see also Module III, sect. 7.6). 

Emphasis should be placed on the goal of  promoting and sustaining economic development 

and human well-being, and economic incentives should be offered to implement an 

ecosystem approach. 

It is imperative in this process to advance understanding of the workings and importance 

of natural ecosystems and appreciation of the benefits they generate. Stakeholders need to 

understand the economic and social benefits of an ecosystem approach and the need to 

preserve ecosystem functioning in order to maintain the supply of natural resources and 

ecological services upon which local communities and a country as a whole may depend. 

This will involve educating members of the public on the practical consequences of 

inappropriate behaviour on the functioning of natural ecosystems, and making them aware 

of their stake and role in successful governance outcomes. This process will lead to changing 

attitudes, altering behaviour, and building stewardship (see Module III, sect. 2.1 and 2.3). 

2.1.10  Monitoring of natural changes in ecosystems and the effects of  
management measures through ecological indicators 

Continuing monitoring programmes are essential to determine the status of  an ecosystem 

over time and in response to natural changes, as well as management measures. Progress on 

the achievement of  individual objectives should be evaluated regularly, through selected 

ecological indicators (see sect. 2.1.5 above). In addition, a thorough reassessment of  the 

complete ecosystem structure and functioning and status should be conducted periodically, 

especially in response to new scientific understanding, changes in human activities, increased 

pressure on the ecosystem and new management tools.  

Only by comparing the changes in ecosystem status and human activities over time and 

in relation to the overall goals and objectives is it possible to determine whether an 

ecosystem approach has been implemented successfully (see sect. 4 below). 
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2.1.11  Adjustment of the management system, if necessary 

An ecosystem approach requires that management systems and tools are adaptive, taking 
into account and responding to changing circumstances. Because marine ecosystems are 
dynamic, management should take account of  this natural variability as well as changes in 
human activities and the effects of  management measures already implemented. Managers 
should thus use the results of  monitoring and periodic reassessments to adapt and update 
their strategies and measures to the changing situation in the ecosystem.  

Because scientific understanding of marine ecosystems is incomplete and because the 
ecosystem will change over time in any event, continuous investigation of ecosystem 
functioning and status will be required. Managers should be ready to respond to 
improvements of scientific understanding of the ecosystems concerned and should apply the 
precautionary approach in the face of uncertainties (See sect. 6 below).  

2.1.12  Integrated management structures 

Until very recently, management of  ocean-related activities has been conducted on a sectoral 
basis, whether nationally, regionally or internationally. Appropriate mechanisms for 
horizontal integration among different levels of  government and vertical integration among 
agencies with different mandates are essential for the application of  an ecosystem approach.  

Many States and regions have begun to develop integrated oceans policies and plans that 
include the application of an ecosystem approach. While some have created new institutions, 
others have facilitated cooperation among government departments through inter-ministerial 
committees or other cooperative structures. When ecosystems traverse international 
boundaries, cooperation among the States concerned will be necessary (see sect. 2.2 below). 

2.1.13  Compliance, enforcement and dispute resolution 

Compliance and enforcement are essential in the implementation of  an ecosystem approach 
to ensure adherence with relevant laws and regulations. However, monitoring and detection 
in large areas of  the oceans poses several challenges, including the need for resources such as 
trained personnel and technical equipment. Accordingly, in addition to traditional 
mechanisms (e.g. police and military forces), incentives and non-regulatory approaches 
should be considered, including education and social influences, in order to encourage 
voluntary compliance and a culture of  self-enforcement by user groups (see sect. 2.1.9 and 
sect. 6).  

Such non-traditional approaches are likely to be most effective in an environment that 
encourages informed public participation, education and awareness-building from the outset. 
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For example, in the development of regulations or other legislation, priority should be given 
to ensuring “due process” and active public participation.  Legislation and regulations should 
be clear and concise with simple descriptions of prohibited activities or types of activities in 
order to facilitate control and enforcement. Otherwise, legislation will need to provide 
adequate enforcement powers and duties, including incentives for self-enforcement of rules 
and regulations and, when appropriate, arrest and detention for more serious violations  
(also see Module III, sect. 2.1 and 5.1). 

Dispute settlement mechanisms are also important to address conflicts among users of 
the marine environment, and to evaluate assertions that particular uses may undermine 
efforts at applying an ecosystem approach (also see Module III, sect. 7.7). Such mechanisms 
can include informal (e.g. mediation and inquiry) and formal (e.g. arbitration and judicial 
bodies) approaches to dispute resolution. 

 

Summary of key ideas 

(a) Planning and implementation of  an ecosystem approach should be based on 
specific conditions of  the ecosystem concerned.  

(b) There is no single universal institution for planning or implementing 
ecosystem approach strategies, and it should be carried out at local 
community, national or regional levels depending on relevant conditions. 

(c) Nevertheless, a number of  elements are generally considered to be at the 
basis of  the planning and implementation of  an ecosystem approach, 
including: the identification of  the geographical scope for the application of  
an ecosystem approach; the undertaking of  scientific research and analysis of  
the components of  the ecosystem, their interaction and functioning; the 
assessment of  the condition of  the ecosystem; the establishment of  
ecological and operational objectives to maintain biodiversity, productivity, 
water quality and habitat quality in a given ecological region; the selection of  
ecological indicators to ensure that ecological objectives are being met; the 
identification of  pressures and impacts on the ecosystems. 

(d) Additionally, the following elements are also generally considered essential: 
an analysis of  existing legal framework, as well as an identification of  gaps, 
overlaps and inconsistencies and ways to address them; management of  
human activities that affect or might affect the ecosystem; ensuring 
stakeholder participation, public involvement, education and outreach; 
monitoring of  natural changes in ecosystems and the effects of  management 
measures through ecological indicators; the adjustment of  the management 
system, if  necessary; the establishment of  integrated management structures; 
the establishment of  compliance, enforcement and dispute resolution 
mechanisms. 
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2.2  Closing governance gaps  

An effective governance system has an essential role in the implementation of  an ecosystem 

approach to help bridge the gap between existing approaches and the development of  a new 

approach.  

A gap analysis is the first step to this end, which consists of several steps (see Box 31 

below). 

Box 31: Governance gap analysis: an operational approach 

1.  Create a site specific governance profile: a baseline reflecting existing patterns of 
governance 

2.  Identify needed governance functions that must be performed to effectuate a working 
ecosystem approach governance system. 

3.  Undertake a gap analysis (compare 1 and 2) 

a. To what extent are identified needs being effectively met by existing governance 
mechanisms? 

b. What types of changes are needed to further advance an ecosystem approach in 
governance? 

4.  Adopt and implement appropriate institutional arrangements and measures to close 
identified gaps. 

 

2.2.1  Understanding how the existing governance system operates 

In the transition toward an ecosystem approach, there is first a need to understand and 

create a profile of  the existing governance system and how it operates in a particular State or 

region, and the character and respective roles of  government, the marketplace, and civil 

society. In attempting to harness and change governance arrangements, there must be an 

accounting of  the existing institutional, economic, social, and cultural systems that may be 

performing some of  the functions required by an ecosystem approach. It is necessary to 

comprehend how operating systems currently perform and to what degree and with what 

level of  effectiveness. The development of  a site specific governance profile that outlines the 

existing framework of  governance is useful in this regard.  Such a profile would assess 

factors such as: 
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(a) The relative and varied roles and capacities of  governmental and non-governmental 

institutions; 

(b) The processes and procedures, including meaningful opportunities for public 

participation, that governmental bodies must follow for their actions to be accepted 

as legitimate by the wider public; 

(c) The nature and impacts of  present policies and ongoing programmes; and 

(d) Societal perceptions, attitudes, values, and expectations. 

As is the case with the natural environment, the existing governance system must be 

understood and taken as a point of departure for future efforts. 

2.2.2  Functions in the implementation of an ecosystem approach 

Second, there is a need to identify those functions that must be performed in a management 
system seeking to implement an ecosystem approach (see sect. 2.1 above). 

While these functions are indicative of what has to be done, there is very substantial 

flexibility on how they may be performed.  It is clear that no single model will satisfy the needs, 

culture, and values of all societies and variations in governance practices should be expected.  

In this context, the governance profile suggested above may serve several purposes.  It 

can be used to determine, on a site-specific basis, the extent to which needed functions are 

being addressed, how they are being addressed, and who is addressing them.  Further, it can 

also indicate the needs that remain unfulfilled or inadequately considered, and thus require 

further attention.  

2.2.3  Overcoming gaps 

Third, there is a need to overcome inadequacies identified in the gap analysis. An 

understanding of  governance dynamics may suggest how those functions, which are not 

currently being executed or executed well, could be better managed.  The initial governance 

profile can serve as an initial point for future comparison and a means of  subsequently 

assessing progress of  evolving governance arrangements.  The governance profile, then, is a 

useful element in closing a governance gap that undermines efforts at an ecosystem 

approach.  
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In the transition towards an ecosystem approach, each of the identified mechanisms 

(government, markets and civil society) can make contributions that collectively will help to 

close the gap between existing approaches and the adoption of a new approach. With 

respect to government, for example, there is a need to provide for greater institutional and 

policy integration in both vertical and horizontal dimensions.348 Governmental units at 

different levels, i.e., local, provincial, and national governments (the vertical dimension), and 

the various departments and agencies at the same level of government, e.g., ministries 

responsible for environment, fisheries, maritime transportation, offshore oil and gas, etc. 

(the horizontal dimension), must better coordinate their efforts and be mutually supportive, 

and otherwise avoid unilateral actions that may undermine their efforts. While coordination 

may have significant transaction costs in terms of time and effort, it is essential and will 

provide long-term benefits. 

In relation to markets, producers of goods will try to limit their production costs in order 

to be competitive and profitable. In the past, production processes have failed to incorporate 

environmental impacts of their production into their cost structure. Wastes, for example, 

were simply released into the environment without cost to the polluter, but often with 

noticeable environmental and societal impacts. In such circumstances, the marketplace had 

not incorporated environmental externalities into the cost structure. An important advance 

that could be made by the marketplace would be to internalize these costs so that the wider 

social costs of production are taken into account. 

Such efforts may encounter resistance since internalization of externalities can affect 

profitability. But the internalizing of externalities can be approached in stages and a variety 

of incentives can be utilized to encourage this process. In addition, while there are many 

benefits that stem from an ecosystem approach to the management of ocean-related 

activities, serious attention must be given to the potential problem of economic 

displacement caused by such management. With respect to fisheries, for example, the 

importance of considering human livelihood has been emphasized. When fishing 

communities do not have alternative economic opportunities, effective fishery management 

may not be possible.349 This serves as a clear reminder that socio-economics must receive 

very careful attention when attempts are made to transition to an ecosystem approach. 

 
348  Underdal, A., “Integrated Marine Policy: What? Why? How?”, Marine Policy, 4, 1980, pp. 159-169. 

349  Charles, A.T., “Toward Sustainable and Resilient Fisheries: A Fishery-System Approach to Overcoming the Factors 
of  Unsustainability, Overcoming Factors of  Unsustainability and Overexploitation in Fisheries”, FAO Fisheries Report 782, 
Rome, 2005, see www.fao.org/. 
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As noted above, civil society plays an important role in influencing social behaviour, 
including through education and the creation of long-term societal receptivity supportive of 
an ecosystem approach that would ensure the sustainability of natural systems. In this 
respect, education is not limited to schools and other formal training, but also includes 
family and peer experience and the result of outreach by governmental and non-
governmental bodies. 

To be effective, an ecosystem approach depends on public commitment and 
involvement.  Widespread understanding, endorsement, and participation of all segments of 
society increase the likelihood of success by creating a sense of ownership of emerging 
governance systems.350 Social institutions and arrangements may provide important 
opportunities for understanding of, and involvement in, management efforts that would help 
internalize the values that underlie the management effort. Strong public backing can 
translate into better management, surveillance and monitoring, and provide helpful oversight 
that will supply necessary feedback on the effectiveness of different approaches. This is an 
important role since adaptive management is a recognized and essential element in an 
ecosystem approach. It can also reduce the costs of regulation by encouraging voluntary 
compliance, and establish the supportive constituency required to further ecosystem 
governance measures.351  

2.3  Governance of areas beyond national jurisdiction 

Since the physical extent of  an ecosystem and its boundaries are based on ecological rather 
than political or economic criteria, the natural boundaries of  an ecosystem can extend 
beyond areas of  national jurisdiction. Ecosystem approaches are thus currently being 
developed and applied beyond areas of  national jurisdiction, including in the context of  
LMEs. In this regard, the specific legal and governance frameworks for marine areas beyond 
national jurisdiction need to be taken into account and cooperative efforts are necessary at 
the international level, both regional and global, to ensure that the application of  an 
ecosystem approach complies with such frameworks. These issues are currently being 
considered by the Ad Hoc Open-ended Informal Working Group to study issues relating to 
the conservation and sustainable use of  marine biological diversity beyond areas of  national 
jurisdiction, established by the United Nations General Assembly.352   

 
350  World Resources 2002-2004, World Resources Institute, Washington, D.C., 2003. 

351  Viteri, C. and C. Chávez, “Legitimacy, Local Participation, and Compliance in the Galápagos Marine Reserve”,  
Ocean & Coastal Management 50, 2007, pp. 253-274. 

352  See paragraph 73 of  General Assembly resolution 59/24 of  17 November 2004. See also www.un.org/depts/los for 
further details on the Working Group. 
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Other relevant efforts at the global level include the adoption by the United Nations 
General Assembly of resolutions 61/105 and 64/72, which address, inter alia, the impacts of 
bottom fishing on vulnerable marine ecosystems (VMEs), and the adoption by FAO of the 
“International Guidelines for the Management of Deep-sea Fisheries in the High Seas”, 
which aim at limiting the impacts of deep-sea fishing activities on VMEs. Furthermore, the 
CBD Conference of the Parties adopted scientific criteria for identifying ecologically or 
biologically significant marine areas in need of protection in open ocean waters and deep sea 
habitats, and scientific guidance for designing representative networks of marine protected 
areas. In order to protect the marine environment from harmful effects that may arise from 
activities in the Area, the International Seabed Authority has developed regulations on 
prospecting and exploration for polymetallic nodules in the Area, which contain a series of 
environmental rules, regulations and procedures (also see sect. 5, Module I).  

At the regional level, a number of regional fisheries management organizations have 
amended their instruments and/or reviewed their performance and management 
approaches, including in order to further incorporate an ecosystem approach to fisheries 
management.  Regional environmental organizations are also working towards the 
implementation of an ecosystem approach to manage marine and coastal resources, 
including beyond areas of national jurisdiction (also see sect. 5, Module I).  
 

Summary of key ideas 

(a) Governance provides the mechanisms to advance an ecosystem approach to 
the management of  ocean-related activities. 

(b) A gap analysis of  current governance can be used to identify shortcomings in 
ocean management systems and identify gaps where needed governance 
functions are not being performed effectively, or at all. 

(d) The selection and use of  particular mechanisms and tools to close gaps and 
transition to an ecosystem approach must be based on a clear understanding of  
the existing system of  a particular society and not be based on a “one-size-fits-all 
approach”. 

(e) Public involvement, input, and commitment are necessary to make change 
effective.  Local knowledge and experience must be respected and drawn 
upon to the extent possible and practicable. 

(f) Management efforts must be continually adapted to take into account the 
growing body of  actual experience and advances in knowledge. 
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(g) Beyond areas of  national jurisdiction, the specific legal and governance 
frameworks need to be taken into consideration. Cooperative efforts at the 
international level, both regional and global, are necessary to ensure that the 
application of  an ecosystem approach is in compliance with such frameworks 

Questions for discussion 

(a)  To what extent, by whom, and with what degree of  effectiveness are 
management functions essential to an ecosystem approach currently being 
performed in your country? 

(b)  What is the nature and character of  governance gaps that can be identified in 
your country? 

(c) What governance mechanisms and tools offer the greatest degree of  promise 
to encourage needed change? 

(d)  How can the concept of  an ecosystem approach and its practical significance 
be shown to be relevant to the everyday lives of  groups and individuals 
throughout society?  How can the public be involved in governance? 

(e)  What is being done in your country to raise public awareness of  the 
importance of  an ecosystem approach?   Are changes needed in this respect? 

(f) What lessons can be learned from earlier governance experience that could 
be applied to current efforts to operationalize an ecosystem approach? 

3. Ecosystem objectives 

As explained above, setting priorities and ecosystem objectives is an essential initial step in 
the implementation of  an ecosystem approach. There is an emerging framework of  
ecosystem objectives which allows ecosystem considerations to be brought directly into 
policy and management.353 These frameworks are useful because they make explicit the 
ecosystem considerations that are influencing management and policy, guide decision-
making systematically, and link an ecosystem approach to other important aspects of  
management and policy, such as the precautionary approach. 

Many jurisdictions are adopting variants of management, based on explicit ecosystem 
objectives. Although the details of objectives-based management differ according to the 

 
353 Browman, H.L. and K.I. Stergiou (eds.), “Perspectives on ecosystem-based approaches to management of  marine 

resources”, Marine Ecology Progress Series 274, 2004, pp. 269-303;  Browman, H.L. and K.I. Stergiou (eds.), “Politics and socio-
economics of  ecosystem-based management of  marine resources”, Marine Ecology Progress Series 300, 2005, pp. 241-196. 
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particular governance system in place, there are some commonalities that provide the core 
framework that can be developed in any jurisdiction interested in advancing an ecosystem 
approach. Unfortunately, the terms associated with ecosystem objectives have not yet 
converted on a single set of terms. The generalities are discussed below, using terminology 
that is consistent with ICES and that used in Canada,354 but other terminology can be found, 
such as from the North Sea Council of Ministers.355 Individual sources have to be read 
carefully, to make sure that the terms being used are interpreted in the way(s) intended in the 
source document. 
 

Box 32:  Ecosystem objectives 

In northern Europe, the North Sea Council of Ministers and the Oslo-Paris Commission 
(OSPAR) commenced work towards developing an explicit set of ecosystem objectives for 
the waters in the OSPAR area in the early 1990s. A series of scientific workshops was held 
through that decade, consolidating information and developing a methodology for 
conducting both the science tasks of determining what types of objectives would guide 
decision-making towards maintaining or restoring healthy ecosystems, and the governance 
task of gaining wide buy-in to the objectives as goals for management. 

These workshops chose a hierarchal approach to setting ecosystem objectives.  First the 
main issues were identified from convergence of the scientific and governance processes. 
These included: 

1. Reference points for commercial fish species 

2. Threatened and declining species 

3. Sea mammals 

4. Seabirds 

5. Fish communities 

6. Benthic communities 

7.  Plankton communities 

8. Habitats 

9. Nutrient budgets and production 

10. Oxygen consumption 

For each issue the workshop process identified a rationale for the objective (why working 
towards the objective would improve ecosystem health), the cause of the problems, the 
descriptive nature of the objective, and the consequences for both the ecosystem and for 

                                                 
354 ICES, “Report of  the Thirteenth ICES Dialogue Meeting: Advancing scientific advice for an ecosystem approach to 

management: collaboration amongst managers, scientists, and other stakeholders”, Cooperative Research Report 267, 2004; 
European Community, “Directive of  the European Parliament and of  the Council establishing a Framework for 
Community Action in the field of  Marine Environmental Policy”, Marine Strategy Directive [SEC(2005)1290], in 
COM(2005)504 Final, Brussels, 2005. 

355 Nordic Council of  Ministers, Workshop on Ecological Quality Objectives (EcoQOs) for the North Sea, TemaNord, The Hague, 
Netherlands, 1999. 
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human activities if decision-making were directed towards achievement of the ecosystem 
objective. It also agreed on a structured framework where for each ecosystem issue one or 
more components of the ecosystem reflecting the issue directly (the ecosystem quality 
elements) would be specified, and for each element there would be an explicit ecosystem 
objective. 

Following wide consultation on these workshop products the North Sea Council of 
Ministers adopted the Bergen Declaration in 2002. Annex 3 to the Bergen Declaration 
included a tabulation of the list of ecological issues, elements and objectives. Two examples 
are: 

Issue Element Objective 

Commercial 
Fish Species 

Spawning Stock Biomass (SSB) 
of Commercial Fish Species 

SSB above Precautionary Reference 
Points 

 Sea 
mammals 

 Seal Population Trends No decline in population size or pup 
productivity > 10% over 10 years 

 By catch of harbour porpoise Annual by catches should not exceed 
1.7% of best population estimate 

 Utilization of seal breeding sites To be determined 

 

As this table illustrates, some ecosystem objectives were highly specific (for example, 
trends in seal populations) whereas others needed significant further work by experts to set 
the actual targets or limits. Over the successive years, an exchange between OSPAR and the 
science advisors in ICES helped refine all the ecosystem objectives, resulting in specific 
indicators and Reference Points being identified for each Ecosystem Quality Element, and 
new elements being proposed for some of the issues. 

Rice, J. C. (ed.), supra note 224. 

 
 

There are some experiences and lessons learnt in the development of goals and 
objectives of an ecosystem approach to the marine environment, including ecosystem-based 
management. As illustrated in the following case study (see Box 33), goals and objectives 
must be clear and transparent; the order and priority of the objectives must be clearly 
acknowledged; and the incorporation of multiple objectives and sectors into a management 
plan can help reduce conflicts with single user groups.356  

                                                 
356  “The Nature Conservancy, Marine Ecosystem-based Management: Learning from Case Studies to Advance Decision 

Support”, 2006, is available from http://marineplanning.org/pdf/Tools_Advice_Needs_TNC_final.pdf. See also Walmsley, J., 
Developing Objectives and Indicators for Marine Ecosystem-Based Management: International Review of  Marine Ecosystem-Based Management 
Initiatives Throughout the World, 2005, at www.dfo-mpo.gc.ca/Library/318539.pdf; and O’Boyle, B., New Directions in Oceans 
Management - An overview of  current thinking, at www.mar.dfo-mpo.gc.ca/science/rap/internet/oboyle.ppt. 
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Box 33:  Goals & objectives of the Eastern Scotian Shelf  

          Integrated Management (ESSIM) initiative 

The 1998 Eastern Scotian Shelf Integrated Management (ESSIM) Initiative is a 
collaborative ocean management and planning process being led and facilitated by the 
Department of Fisheries and Oceans Canada (DFO) under Canada’s Oceans Act. The 
primary aim of the Initiative is to develop and implement an Integrated Ocean 
Management Plan for this large marine region. This multi-year, strategic level plan will 
provide long-term direction and a common basis for integrated, ecosystem-based and 
adaptive ocean management. 

The Eastern Scotian Shelf area was selected for the development and implementation of 
integrated management for several reasons: 1) it is an area of high biological diversity and 
productivity; 2) it possesses important living and non-living marine resources that are used 
by multiple industries or sectors and regulated by two levels of government; and 3) the 
multiple-use and multi-regulated nature of the area has led to a number of existing and 
potential user and resource conflicts. 

The aim of the ESSIM Initiative is to have an effective, collaborative process that provides 
integrated and adaptive management plans, strategies and actions for ecosystem, social, 
economic, and institutional sustainability. The supporting objectives of ESSIM are aimed 
at a balanced approach to achieving ecosystem, social, economic, and institutional 
sustainability. 

The three overarching goals of the Initiative are: 

1. Collaborative governance and integrated management; 

2. Sustainable human use; and 

3. Healthy ecosystems. 

The specific objectives for the Initiative are: 

1. To integrate the management of all activities in the Eastern Scotian Shelf area;  

2. To encourage the conservation, effective management and responsible use of marine 
resources;  

3. To support the maintenance of natural biological diversity and productivity; and 

4. To foster opportunities for economic diversification and sustainable wealth generation 
for coastal communities and stakeholders. 

A set of proposed ecosystem objectives related to biological diversity (quality) and 
productivity (quantity) are aimed at restoring and maintaining: natural diversity of 
ecosystem types; natural species diversity; genetic variability within species; productivity of 
directly impacted species; productivity of ecologically dependent species; and ecosystem 
structure and function. Marine environmental quality (MEQ) objectives are employed 
through the oceans management plan to support these six ecosystem objectives. 

The specific ecosystem management objectives are: 

1. To conserve enough components (ecosystems, species, populations, etc.) so as to 
maintain the natural resilience of the ecosystem in order to:  
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a.  Maintain communities within bounds of natural variability;  

b.  Maintain species within bounds of natural variability; and 

c.  Maintain populations within bounds of natural variability.  

2.  To conserve each component of the ecosystem so that it can play its historic role in the 
food web (i.e., not cause any component of the ecosystem to be altered to such an 
extent that it ceases to play its historical role in a higher order component) in order to: 

a.  Maintain primary production within historic bounds of natural variability; 

b.  Maintain trophic structure so that individual species/stage can play their historical 
role in the food web; and 

c.  Maintain mean generation times of populations within bounds of natural 
variability.  

3.  To conserve the physical and chemical properties of the ecosystem in order to:  

a.  Conserve critical landscape and bottomscape features;  

b.  Conserve water column properties;  

c.  Conserve water quality; and 

d.  Conserve biota quality.  
 

See DFO Canada, The Eastern Scotian Shelf Integrated Management (ESSIM) Initiative: Issues, 
Challenges and Opportunities, November 2001, at www.mar.dfo-mpo.gc.ca/oceans/e/essim/essim-
intro-e.html. Last accessed October 2008. 

 
 
 
 

The core framework that can be developed in any jurisdiction interested in advancing an 

ecosystem approach can be summarized as follows: 

Ecosystem objectives are explicit statements of what management is trying to 

achieve.  The statements are direct, and include explicit reference to an ecosystem property, 

a state of that property, and an action regarding that state.  For example: The abundance of 

all key forage species (the ecosystem property), will not be reduced by more than 10% (an 

action) from its long-term average abundance (the state). 

Ecosystem objectives can be at any level of specificity.  Objectives can be set 

broadly (e.g., “Protect biodiversity of the ecosystem from any alteration from its present 

state”), or specifically (e.g., “Keep the abundance of krill at 80% or greater of its average 

abundance between 1995 and 2005”). Higher level ecosystem objectives are often valuable in 

the development of policy; specific ecosystem objectives are essential in order to guide 

decision-making in management. Specific ecosystem objectives often determine the 

ecosystem indicator (see sect. 7.2) used to evaluate progress towards the desired outcome, 
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simply by how the objective is stated. For example, in the illustration above, the indicator of 

the specific objective would almost certainly be the abundance of the particular species of 

interest, measured in a way that was appropriate for the species and the capacity of the 

management system to take systematic measurements of its abundance.   

Ecosystem objectives may be set for many parts of the ecosystem. As seen in the 

preceding sections, every ecosystem has many component parts and processes. Ecosystem 

objectives might be set for any of them that the governance system chooses to address. To provide 

full assurance that human activities do not place any ecosystem components and processes at risk 

of harm that is serious or difficult to reverse, many ecosystem objectives are needed.357   

Policy and management cannot address large numbers of ecosystem objectives at once. 

This is a practical limitation, not a conceptual one. A key purpose of ecosystem objectives is 

to guide decision-making to focus on their achievement. Large numbers of objectives mean 

that management and policy will usually find that all possible actions are consistent with 

some objectives and contradictory to others. In such situations large numbers of objectives 

make decision-making harder, not easier.358 The information on critical functions, ecosystem 

health and integrity should be adequate in any case to focus attention on the key ecosystem 

components and processes for which ecosystem objectives are needed.  A smaller number of 

ecosystem objectives, focused on critical functions, health and integrity, often facilitate 

finding policy and management options which provide the greatest ecosystem benefits and 

least risk of serious harm.359 Objectives-based management approaches with a moderate 

number of ecosystem objectives does not ensure that every component and process in the 

ecosystem will be kept within sustainable bounds, but they provide a good likelihood of 

overall conservation and sustainability in a tractable management and policy setting. 

There needs to be social and economic objectives for ecosystems, as well as biological 

ones. The social and economic objectives have many commonalities with the biological 

 
357 European Community, supra note 354; Rice, J.C., “Multiple objectives, multiple players, multiple policies: Better 

management, or more complex paths to the same old thing?”, Barnes, P.W. and  J.P Thomas. (eds.), “Benthic Habitats and 
Effects of  Fishing”, American Fisheries Society, Symposium 41, 2005, pp. 41-58. 

358  Harwood, J. and K. Stokes, “Coping with uncertainty in ecological advice: lessons from fisheries”, Trends in Ecology & 
Evolution 18, 2003, pp. 617-622;  ICES, supra note 354. 

359  Gréboval, D. (ed.), “Report and documentation of  the International Workshop on Factors Contributing to Unsustainability 
and Overexploitation in Fisheries, Bangkok, Thailand, 4-8 February 2002”, FAO Fisheries Report 672, Rome, 2002;  J.C Rice , et al., 
supra note 272.   
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ones.360 They describe the social and economic benefits that people want to get out of their 

uses of the ecosystem. For example, there may be an economic objective that the State  

or communities want to have a sustainable fishery worth $10 million annually, or a social 

objective that a community-based aquaculture programme provides livelihoods for  

500 people.  Many States have already adopted development or other social and economic 

goals for their countries, and in such cases, those goals should be the source of the specific 

social and economic objectives for their uses of the marine and coastal ecosystems within 

their jurisdictions. Depending on the specificity of the development goals, these can be the 

basis for general or specific objectives, and in the most specific cases, for the target and 

reference points for the objective (see sect. 4.3 below).  

Social and economic objectives must be appropriate for the governance system which 

manages the activities expected to produce the social and economic benefits reflected in the 

objectives. In multi-jurisdictional settings this may extend to setting objectives for 

participants in the governance system itself, to encourage all participants to fulfill their 

respective roles in keeping human activities sustainable. 

 Many social or economic objectives can only be achieved if the ecosystem is maintained 

in a healthy and productive state, particularly if the social and economic objectives involve 

harvesting or other extractive uses of ecosystem components, or alterations to ecosystem 

processes.  For example, if the economic objective is an annual harvest of 10,000 tons from 

a fishery, that objective can only be achieved if the overall biomass and productivity of the 

harvested stocks is kept at or above some level  (perhaps 40,000 tons if the sustainable 

exploitation rate was estimated to be about one-quarter of the standing biomass of the 

population). 

The more explicit ecosystem objectives involve both avoiding limits and achieving 

targets.  Ecosystem objectives to avoid some limit on an ecosystem property (usually a lower 

bound for an ecosystem component such as the abundance of a harvested species, or either 

a lower or an upper bound on a process, such as an upper bound on fishing mortality or 

exploitation rate) are to ensure conservation and protection of critical functions and 

ecosystem integrity from harm that is serious or hard to reverse.361 These are frequently 
 

360  A.T. Charles, supra note 349; Swan, J. and D. Gréboval (eds.), “Report and documentation of  the International 
Workshop on the Implementation of  International Fisheries Instruments and Factors of  Unsustainability and Overexploitation 
in Fisheries, Mauritius, 3-7 February 2003”, FAO Fisheries Report 700, Rome, 2003.;  J.C Rice , et al., supra note 272. 

361  ICES “Report of  the Advisory Committee on Fisheries Management, 2001”, ICES Cooperative Research Report 246, 
vol. 3, 2002;  Caddy, J.F., “Limit reference points, traffic lights, and holistic approaches to fisheries management with 
minimal stock assessment input”, Fisheries Research 56, 2002, pp. 133-137. 
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referred to as conservation objectives. Ecosystem objectives to achieve some target for an 

ecological component or process are generally to allow achievement of some social or 

economic benefit, or maintain a healthy ecosystem. They guide management and policy to 

try to keep the ecosystem within some state that the governance system has chosen as 

desirable.362 There is no generally used term for these, except social objectives or economic 

objectives. 

Conservation (ecosystem) objectives to avoid limits must be given priority over 

ecosystem objectives to achieve targets, or in the medium term not only will the relevant 

ecosystem components and processes suffer lasting serious harm, but the serious harm 

means that the social and economic objectives cannot be achieved either.363  

Targets and limits are set with reference points for indicators of the ecosystem 

components and processes.  The reference points, in turn, are based on using the best 

information and knowledge available, and should be reviewed periodically as more 

knowledge and experience is acquired.  The location of the limits and the decision rules  

(as monitoring and assessments indicate that limits are being approached), are effective 

places for the explicit inclusion of the precautionary approach.364  

The actual objectives are set by collaboration among all the parts of the governance 

system, and making all possible use of the scientific, technical, and experiential knowledge 

and information that is available about the ecosystem.  If they are well focused on the critical 

functions in the ecosystem, and the major considerations in its health and integrity, they 

provide a sound, transparent, and explicit basis for management and policy. They also 

require support from assessment and monitoring, as described in the next section.  When 

put into practice, of course, objectives are rarely achieved overnight.  Rather, adaptive 

management uses them as the guideposts for planning, evaluation of progress, and 

adaptation of management measures as necessary for steady progress towards their 

achievement.  

 
362  ICES, ibid.;  S. Helleman (ed.),  supra note 281. 

363  J. Swan and D. Greboval, supra note 360;  J.C Rice, et al., supra note 272. 

364  FAO “Precautionary approach to fisheries, Parts I: Guidelines on precautionary approach to capture fisheries and 
species introductions” and “Precautionary approach to fisheries, Part 2: scientific papers”, FAO Fisheries Technical Paper 350, 
Rome, 1996. 
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Questions for discussion 

(a) What are the commonalities of  ecosystem objectives that provide the core 
framework to advance an ecosystem approach? 

(b) What ecosystem objectives have been developed in your country? What 
additional objectives should be considered? 

(iv) Policy and management cannot address large numbers of  ecosystem 
objectives at once;   

(v) There can be social and economic objectives for ecosystems, as well as 
biological ones;   

(vi) The more explicit ecosystem objectives involve both avoiding limits and 
achieving targets; and 

(vii) Conservation objectives to avoid limits must be given priority over 
ecosystem objectives to achieve targets. 

(c) Actual objectives are set by collaboration among all the parts of  the 
governance system, and making all possible use of  the scientific, technical, 
and experiential knowledge and information that is available about an 
ecosystem.  Ecosystem objectives that are well focused on the critical 
functions in the ecosystem and the major considerations in its health and 
integrity provide a sound, transparent, and explicit basis for management and 
policy. 

Summary of key ideas 

(a) Ecosystem objectives allow ecosystem considerations to be brought directly 
into policy and management.  These frameworks are useful because they 
make explicit the ecosystem considerations that are influencing management 
and policy, guide decision-making systematically, and link an ecosystem 
approach to other important aspects of  management and policy, such as the 
precautionary approach. 

(b)  Although the details of  objectives-based management differ according to the 
particular governance system in place, there are some commonalities that 
provide the core framework that can be developed in any jurisdiction 
interested in advancing an ecosystem approach: 

(i)  Ecosystem objectives are explicit statements of  what management is 
trying to achieve;  

(ii)  Ecosystem objectives can be at any level of  specificity; 

(iii) Ecosystem objectives may be set for many parts of  the ecosystem;   
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4. Monitoring 

Monitoring plays several critical roles in applying an ecosystem approach to the management 

of  ocean-related activities.  Information from monitoring parts of  the ecosystem forms the 

core of  periodic assessments of  the status and trends of  the ecosystem, or key components 

of  those ecosystems.365 These assessments allow: 

(a) Evaluation of  compliance of  human activities with management measures and 

policies; 

(b) Evaluation of  the achievement of  the goals of  management and policies; 

(c) Reporting to citizens and other agencies on the status and trends of  the 

ecosystems; and 

(d) Reporting to citizens and other agencies on performance of  the conservation and 

stewardship efforts of  the governance system. 

These crucial functions can only be served if the assessments are scientifically sound and 

reliable, and considered credible by experts and citizens, as well as policymakers and 

managers.  Because of the central role of monitoring in these assessments, the monitoring, 

too, has to be planned well and conducted soundly.  The following considerations help to 

ensure that monitoring provides these potential benefits. 

4.1 Variables  

It is almost a tautology that monitoring has to be designed to collect consistent information 

over time, and often across a defined area, on the state of  some specific ecosystem 

properties.  It is generally easier to measure variables about specific pieces of  the ecosystem 

composition than to measure ecological processes directly.366 Likewise, it is easier to measure 

the goods and services taken from the ecosystem than to measure the stresses and pressures 

put on the ecosystem by taking the goods and services.  In both cases the variables involved 

are concrete properties of  the ecosystem; the abundance of  some species of  fish or the 

temperature of  the water at a particular place and depth; the spatial extent of  some habitat 

 
365  Busch, D.E. and J.C. Trexler, Monitoring Ecosystems, Interdisciplinary Approaches for Evaluating Ecoregional Initiatives, Island 

Press, 2003; Constable, A., “Managing Fisheries Effects on Marine Food Webs in Antarctica: Trade-Offs Among Harvest 
Strategies, Monitoring, and Assessment in Achieving Conservation Objectives”, Bulletin of  Marine Science 74, 2004. 

366  D.E. Busch and J.C. Trexler, Ibid.;  S. Helleman (ed.),  supra note 281.  
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feature such as a coral reef  or a mangrove stand; or the catch in a fishery or number of  

tourists who visit a particular bay.  All of  these attributes can be called “variables”. They can 

be defined in clear and unambiguous ways, so anyone conducting the monitoring knows 

exactly what is being measured.  Equally importantly, standardized methods can be specified 

for taking their values at specified times and places, so anyone conducting the monitoring 

knows exactly how to take the measurement. Monitoring programmes can be designed for 

collecting information on a number of  variables at the same time, but each variable has to 

meet those standards for specificity in definition and in manner of  measurement.   

Monitoring of ecosystem indicators can be a highly technical exercise, but community-
based programmes also have been very successful.  Not only do they provide information of 
value for assessment, evaluation, and planning, but they engage communities and 
stakeholders directly in the activities forming the foundations for conservation and 
sustainable development (see Box 34).  
 

Box 34: Community-based indicator monitoring 

Many coastal jurisdictions are establishing community-based monitoring programmes.  In 
each case their details reflect local interests and capabilities, but some characteristics are 
shared by most of them, including the involvement of the community in determining the 
priorities for monitoring, greater empowerment of the communities in decision-making 
using the indicators, and community residents actually conducting much or all of the 
monitoring. 

One example is the Coast Keepers Coastal Community Monitoring programme in 
South Africa, which started in 2001. The programme aimed to provide a mechanism for 
volunteers in South Africa to take part in a nation-wide coastal monitoring exercise that 
will include biophysical and socio-economic observations. The observations contribute to 
periodic ‘State of the Coast Reports’ prepared by the Department of Environmental Affairs 
and Tourism and made widely available to the public.  The project was a partnership of the 
Coastal Management Office, Marine and Coastal Management, Department of 
Environmental Affairs and Tourism (DEAT), the International Ocean Institute Southern 
Africa, local schools, local environmental groups, and interested individuals, and a private 
sector company that provided coordination across communities. 

School environmental clubs, local environmental interest groups, retired persons and 
holiday-makers were encouraged to participate in the monitoring, which took place at six 
localities in the Western Cape, Eastern Cape and KwaZulu-Natal. Each participating group 
received a monitoring kit, consisting of appropriate equipment, instruction manual and 
data recording sheets. The programme coordinators demonstrated the procedure during 
the first field excursion and followed participants’ progress during a second site visit. 
Participants were then encouraged to continue monitoring independently at appropriate 
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time intervals. The instruction manual described simple, easy-to-measure indicators/ 
parameters to track biophysical and socio-economic change in beach, dune, estuary and 
rocky shore environments. Initial monitoring included assessing/measuring activities of 
users of the beaches and a number of features of the beaches. 

The monitoring routines were flexible, allowing a monitoring frequency ranging from 
weekly to quarterly. Observations were recorded on data sheets, and a software package 
was provided for processing the information. Access to a computer with a spreadsheet 
programme enabled participants to do their own data capture and compare data with other 
participants. Participants were encouraged to explore and question the results of their 
observations, and participate in workshops to discuss and compare results across 
communities.  The initiative contributed to three different national objectives: 

1. Promote public participation and co-responsibility in coastal management; 

2. Promote awareness and education about the coast; and 

3. Promote learning through continuous research, monitoring, review and adaptation. 
 

See http://sacoast.uwc.ac.za/education/resources/factsheets/community_coastal_monitoring.htm. 
Last accessed October 2008. 

 

A second example was the Coastal Area Monitoring Project and Laboratory 
(CAMP-Lab) in Nicaragua. In the last 1990s, a community-based management plan for 
Pearl Bay was developed in collaboration among local communities, national authorities, 
and international development agencies.  The community-monitoring project was intended 
in part to consolidate support for implementation of the management plan, and in part to 
provide information needed to evaluate and adapt the provisions of the plan. 

CAMP-Lab’s participatory efforts were designed to develop and test a participatory process 
for monitoring and evaluating the implementation of the plan, integrating outside 
academics into local research teams to address locally defined research topics and 
questions related to the equitable and sustainable management of local ecosystems.  
CAMP-Lab worked at the official level to obtain government approval and at the local level 
to obtain broad-based acceptance and support. 

Community participation was essential since, government approval notwithstanding, the 
success of the management plan depended on local consensus and self-regulation in the 
absence of effective state mechanisms for enforcement. Community participation was 
achieved in a number of ways, including a radio programme produced by local people that 
provided a forum to discuss environmental issues and get acquainted with the 
management plan, and a newsletter that extended the reach of the project and provide a 
useful teaching aid in schools.  In collaboration with university researchers, local people 
were involved in the collection and analysis of data, arousing their interest in and feeling of 
ownership of the results.  Specific lists of indicators were developed for each activity 
included in the management plan, with review and evaluation in community-based 
workshops. 

See www.idrc.ca/en/ev-29681-201-1-DO_TOPIC.html. Last accessed October 2008. 
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Manuals and guidance documents for monitoring techniques are available for many types 
of marine ecosystems. More are being developed every year and older ones updated, so 
inventories become obsolete quickly. However, most are available on the web, and can be 
found by using any general search engine with keywords of “monitoring”, “manual” or 
“guidelines”, and the specific type of marine ecosystem of interest. As with any web-based 
information search, care must be taken to use reliable sources, but many intergovernmental 
organizations, credible environmental non-governmental organizations with good science 
credentials, and States have developed such manuals and made them widely available.   

4.2 Ecological and other indicators 

Anything that can be defined and measured in a marine ecosystem can be a variable used in 
monitoring, but not all variables are equally worthwhile to monitor. Policymakers and 
managers cannot be effective by just knowing the current status and trend of  a few variables 
that happen to be convenient to monitor. policymakers and managers need to know the 
health of  the ecosystem overall, the status and trends of  the components and processes 
most directly associated with important ways that humans use the ecosystem, and the status 
and trends of  those benefits being taken from the ecosystem. They also need to know the 
status and trends of  ecosystem properties that provide a sound basis for their choice among 
management and policy options. Hence, they need to know the status and trends of  
indicators of  the ecosystem and human uses of  it.367 

Indicators are a crucial tool in making the management and policy framework based on 
ecosystem objectives operational. For conservation objectives, designed to ensure that the 
ecosystem does not suffer serious or irreversible harm, the corresponding indicators should 
reflect the status of the property that management is intending to protect. For objectives 
regarding human benefits that society derives from the ecosystem, the corresponding 
indicators should reflect as closely as possible the extent to which those benefits are being 
achieved.368 In some cases, the indicator may be exactly the property that is of interest.  For 
example the indicator for a conservation objective related to the protection of an endangered 
species of sea turtle might be the number of turtles that breed on a specific beach or the 
number of hatched turtles entering the sea, either of which can be quantified with a 
monitoring programme designed to take the necessary counts.  The indicator for a social or 
economic objective to provide employment in an ecotourism industry could be the number 
of people trained and hired to guide tours of a coral reef ecosystem.    

 
367  S.E Jorgensen, R. Costanza and F.L. Xu (eds.), supra note 294. 

368  S. Helleman (ed.), supra note 281. 
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In the preceding cases, selection of the indicator was straightforward, given the 

ecosystem objective of concern.  Unfortunately, that is not always the case. In some cases 

the conservation objectives concern properties of the ecosystem that are difficult 

or impossible to measure and monitor directly. Those situations are discussed in the 

following section on modeling (see sect. 4.4). In other cases, however, the indicator is not 

just being used to inform policymakers and managers about the status and trend in a 

particular ecosystem property.  Rather, indicators may be used as a basis for one or both of 

two types of decision-making – choosing among available policy options or management 

actions, or evaluating the effectiveness of an existing policy or management regime.369 In 

these cases, the indicators need to be screened much more carefully before they are adopted 

as a basis for policy and management, and implemented in monitoring programmes. In those 

cases, the specificity and the sensitivity of the indicator both need to be established.  In these 

management and policy contexts, specificity is a necessary property in an indicator, so that 

when the value of the indicator changes, the managers and policymakers can be confident 

that the reason for the change is being addressed by the manager or policy action being 

considered.  Sensitivity is necessary so that each change in the real ecosystem property of 

concern or ecosystem benefit of interest is actually reflected in a change in the value of the 

indicator.370  

Methods are available for testing the specificity and sensitivity of ecosystem indicators.  

Although not difficult to use, these methods are not commonly applied.  However, when 

they are applied, policy and management can benefit greatly.  The goal is not to find perfect 

ecosystem indicators.  Such indicators may not exist, or may be prohibitively expensive or 

difficult to monitor.  Rather, the goal is for managers and policymakers, their scientific and 

technical advisors, and those being affected by the policies and management actions to all 

understand the performance characteristics of the ecosystem indicators that they are using.  

Knowing the performance characteristics of an ecosystem indicator alerts users when it may 

miss a change in the ecosystem that could be of concern, or when it may give a false alarm 

and suggest management interventions are needed when they actually are not.371  

 
369  Villa, F. and H. McLeod, “Environmental vulnerability indicators for environmental planning and decision-making: 

guidelines and applications”, Environmental management 3, 2002; ICES, “Report of  the Study Group on Management 
Strategies”, ICES CM/2005/ACFM:09, 2005, p. 72, is available from www.ices.dk/. 

370  Rice, J.C. and M.J. Rochet, “A framework for selecting a suite of  indicators for fisheries management”, ICES Journal 
of  Marine Science 62, 2005;  Greenstreet, S.P.R. and S.I. Rogers, “Indicators of  the health of  the North Sea fish community: 
identifying reference levels for an ecosystem approach to management”,  ICES Journal of  Marine Science 63, 2006. 

371  Piet, G. and J.C. Rice, “Performance evaluation of  management advice on North Sea fish stocks, using signal 
detection theory methods”, ICES Journal of  Marine Science 61, 2004. 
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Indicators also play a central role in assessing the status and trends of the ecosystem, 

whether the assessment is closely tied to management objectives or not.372 Even in this very 

general situation, not all ecosystem indicators are of equal value.  Rather, usually there are 

some species, processes, or habitat features that are particularly influential on ecosystem 

structure and function (see sect. 2 above).  Indicators that reliably reflect the status and 

trends of those highly influential features of the ecosystem are of particular value in general 

assessments.  Moreover, no single indicator can be expected to integrate all the relevant 

information for assessing the status and trends of an ecosystem.  Hence, it will usually be 

necessary to use a suite of indicators in indicator-based assessments, and to choose these 

indicators to ensure that together they provide information on as many of the key ecosystem 

features as possible.  

Of course, monitoring and choice of indicators are closely linked.  Indicators can inform 

about ecosystem status and progress towards objectives only if they are being measured at 

appropriate intervals, and often current status can only be interpreted relative to past values 

of an indicator. Hence as far as practical, historic monitoring programmes should be the 

preferred source of indicators, as long as they meet the necessary performance standards 

described above (it is a false economy to use an indicator just because it is already available, 

if its annual values are not helpful in guiding management). In all cases, however, the chosen 

indicators must be feasible for the capabilities of the monitoring and management system to 

record in the future, so they will be available for assessment of status and progress towards 

objectives, and for guiding adaptive management.  

Even in these most general uses, it is still important to understand the performance 

characteristics of the indicators – how accurately and precisely they are measured, and how 

closely variation in the indicator is tied to changes in ecosystem status, health, and integrity.  

It may be tempting to simply take ecosystem indicators “off the shelf” because they are 

available or popular.  However, both the cost of implementing and maintaining a monitoring 

programme to produce time series of the indicators, and the importance of decisions that 

may be based on changes in the indicators justify the effort to establish the performance 

characteristics of a set of ecosystem indicators before they are adopted for use.   

 
372  Livingston, P.A., et al., “A framework for ecosystem impacts assessment using an indicator approach”, ICES Journal 

of  Marine Science 62, 2005;  S.E Jorgensen, R. Costanza and F.L. Xu (eds.), supra note 294. 
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4.3 Benchmarks and targets 

Benchmarks and targets (often referred to collectively as “reference points”) play a crucial 

role linking ecosystem objectives to indicators and their supporting monitoring programmes.  

When an ecosystem objective has been adopted by the governance process as a legitimate 

goal for policy and management, that objective is stating that either some component or 

process in the ecosystem is in some specified range, or that some social or economic benefit 

is being received at some minimum level or better. Likewise, when an indicator is selected, it 

has been agreed that the indicator does provide information about the status and trend of  

that ecosystem property or social or economic benefit.  Benchmarks or targets are simply the 

position on the indicator that represents achievement of  the corresponding ecosystem 

objective.373   

In the language of objectives-based management, the term “targets” has a specific 

meaning. “Target” is usually reserved for indicators and ecosystem objectives associated with 

enjoying social and economic benefits, although they can also relate to desired 

environmental and conservation states, such as the targets adopted by the World Summit on 

Sustainable Development.  Consistent with its more general meaning in international policy 

(a desired state to be achieved in a specific timeframe), “targets” are spoken of as reflecting 

the “desired state” of the ecosystem – “desired” from the perspective of the quality of life 

that society desires.374  Hence, not all targets have to be related to indicators of job or wealth 

created. There can be culturally and aesthetically based ecosystem objectives with 

corresponding indicators, as well as targets for those indicators. Moreover, most socially and 

economically-based objectives require the ecosystem to be in a particular state before the 

objective can be achieved. For example, an economic objective to have a fish catch adequate 

to support 50 fishing vessels requires that the stock being fished is at or above a particular 

size to support such a catch sustainably. Thus it is an ecosystem objective for management 

to keep the stock at or above that size, and that minimum size to keep the desired benefit 

sustainable is the target for the corresponding indicator. 

The reference points or benchmarks for conservation objectives are often referred to as 

limits in contrast to targets. These reflect the position on the indicator beyond which the risk 

 
373  J.F. Caddy, supra note 361;  Butterworth, D.S. and A.E. Punt, “The role of  harvest control laws, risk and uncertainty 

and the precautionary approach in ecosystem-based management”, M. Sinclair and H. Valdimarsson (eds.), Responsible 
fisheries in the marine ecosystem, FAO, 2003, pp. 311-319;  ICES, supra note 369.  

374  ICES, supra note 361;   S. Helleman, supra note 281.   
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of serious or irreversible harm to the ecosystem property becomes dangerously high.375 

Hence management and policy should strive to ensure that the limits on indicators 

associated with conservation objectives are clearly and soundly identified, and that they are 

given priority in decision-making. Conservation objectives are set for the most important 

components and processes in the ecosystem, so failing to keep away from limit reference 

points could have long-lasting negative consequences for both the ecosystem and the 

benefits that are desired from it. 

There is a third class of benchmarks that are sometimes discussed in objectives-based 

management frameworks. These are the reference points on the indicators that reflect the 

pristine state of the ecosystem.376 For some types of ecosystem properties, these are a highly 

relevant benchmark for management and policy.  For example, these types of benchmarks 

are encountered when managing contaminant levels or nutrients. There may have always 

been some level of these chemicals in the water, but poorly managed waste disposal or land-

based activities could have elevated their levels to the point where human or ecosystem 

health could be at some risk.  It may be a legitimate long-term goal to return these chemicals 

to pristine levels, by adequate control of waste disposal or land uses. However, for extractive 

uses like fishing, the activity itself necessarily changes the parts of the ecosystem being used. 

Hence the pristine state for a fish stock may not be a realistic long-term Objective, if that 

stock is going to be harvested.377 Rather, long-term objectives would be to keep the stock 

productive and sustainably harvested, and these goals would be reflected in corresponding 

targets for stock size and exploitation. 

Setting benchmarks of all these types presumes substantial knowledge of the ecosystem 

properties reflected in the ecosystem objectives. Even in countries with substantial science 

capacity, technical experts are often uncertain where these benchmarks should be on an 

indicator – particularly if the periodic assessments of the status and trends of the indicators 

produce estimates with large confidence intervals. The scientific community is addressing 

these challenges, but there are no quick fixes for incomplete knowledge of complex 

ecosystems, and high variability in many of the things that can be monitored in the oceans. 

Rather, it is important that when indicators are chosen and benchmarks are set, they are 

 
375  J.F. Caddy, supra note 361;  ICES, supra note 361. 

376  Nordic Council of  Ministers, supra note 355.    

377  ICES 2002, supra note 361;  J.C Rice (ed,), supra note 224;  J.C Rice, supra note 357. 
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based on the best available information – which includes science and community-based 

experiential knowledge. When they are used in management and policy they are used as 

effective guides to choices, but with full acknowledgement of their limitations. This is 

sometimes done through formal decision rules when there are good information bases for 

management and policy and a structured governance process.378  The guidance provided by 

assessments of status relative to benchmarks on indicators can also be used in much less 

formal ways as well, when that is more appropriate for the governance systems in place.  It is 

just important to ensure that the dialogue is fully informed by the information from the 

indicators, benchmarks and the recent assessments, and that due priority be given to 

avoiding limits ahead of achieving targets.  

4.4 Modeling 

Modeling plays many roles in science-based and knowledge-based policy and management, 

and it is important for scientist to ensure that models and their outputs are presented in a 

policy-oriented format. For example, the complex carbon flow model depicted in Figure 9 

would probably not be of  much use to policymakers and could even deter further scientific 

input. Presenting scientific information in a user-friendly and policy-oriented manner can 

help to ensure that science is considered within the decision-making process and, in doing 

so; clarify the often complex and interrelated ecosystem structures and functions involved.  

Modeling is particularly important in developing an ecosystem approach, because some 

important ecosystem properties are not directly measurable.379 For example, single-species 

population models are needed even to assess the rate at which a fishery is changing the 

abundance of the species being harvested. If the ecological questions are more complicated 

(for example, whether the same fishery is removing food that other species of greater value 

need to survive and grow), more complex multi-species predator-prey models are needed.  

It may be possible to monitor the abundance of the species of concern, and the catches in 

the fishery, but models are needed to estimate the ecosystem properties that are needed by 

policymakers and managers – the ways in which a fishery is affecting both the harvested 

species and its predators and prey.380   

 
378  D.S. Butterworth and A.E. Punt, supra note 373;   ICES, supra note 369. 

379  A.B. Hollowed, et al., supra note 267;   G. Steffansson, supra note 267. 

380  Robinson, L.A. and C.L.J. Frid, “Dynamic ecosystem models and the evaluation of  ecosystem effects of  fishing: can 
we make meaningful predictions?”, Aquatic Conservation: Marine and Freshwater Ecosystems 13, 2003. 
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It is most practical to focus monitoring and management on the components of an 

ecosystem that are most amenable to measurement and management actions; in fact it is 

usually impractical to do anything else. Nonetheless, in taking a pragmatic approach to policy 

and management, it is also necessary to evaluate periodically if such an approach is actually 

protecting ecosystem health and integrity. To gain such an integrated view of the 

components of an ecosystem that are being monitored and managed, ecosystem modeling is 

a necessary tool.  
 
 

 

Figure 9: Carbon flow model 
Inverse solution for summer season. Widths of arrows indicate magnitude of carbon flow scaled  
against largest flow in the ecosystem, in this case primary productivity of small phytoplankton in 
region P2(616 mg C m-3 d-1 ). Similar flow networks available for all seasons. 

See http://oceanography.tamu.edu/-econodel/publications/publications.html. Last accessed October 2008. 

A key aspect of policy and management is choosing among options. The choices are 

influenced by many considerations, including inescapable trade-offs among multiple 

objectives for conservation and social and economic benefits and acceptability within the 

governance regime. However, the choices can be improved by information on the likely 

consequences of the available options, for both the status of the ecosystem and its 

components and for human uses of the ecosystem. 

Ecosystem modeling is an essential tool for exploring scenarios. Models cannot tell the 

future. There will always be uncertainty about the current state of the ecosystem, and the 

dynamic processes that will play out in the future, regardless of the assumptions that are 

made in a scenario being explored. However, ecosystem models can provide insight into 

possibilities. They can help clarify which options are more likely to achieve policy and 

management objectives, and which options may be less likely to result in undesirable 

consequences.   
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In this regard, the insights provided by an ecological model are only as good as the 

model itself, the information put into it, and the care with which it is used.  Just as the 

performance characteristics of indicators should be tested and known before they are used in 

management and policy, the reliability of a model and the accuracy and precision of its 

outputs should be known before it is used.381 If an ecological model is very easy to use and 

requires little data, expectations for the specificity and reliability of the outputs of such a 

model should not be high. However, using more complex models and feeding them more 

data does not guarantee that the results will be more precise or more reliable. If more 

information is available to both determine model structure and specify its starting conditions 

for a scenario, at least there may be more possibilities for testing the reliability of the model 

in a specific context.   

All modeling involves trade-offs between realism and tractability, and experts can differ 

greatly in their views of what is a good model to use in policy development of management, 

and what is a good use of a model.382 Managers and policy experts cannot be expected to 

resolve technical debates that the science experts cannot settle. They can insist that the 

advisors using ecosystem models demonstrate not just how popular their preferred model is, 

but how reliable its performance is. 

4.5 Data collection 

Progress on implementing an ecosystem approach can rapidly become weighted down with 

demands to collect data on everything in the ecosystem, including all the human interactions 

with the marine environment. If  all these demands were met, the costs for collecting the 

data would quickly become prohibitive. Hence, from the perspective of  policy and 

management, the two goals of  data collection are to target the resources invested in data 

collection in order to provide the greatest value for the amount of  the investment, and to get 

the greatest benefits possible from data that are being collected. 

 
381  A.B. Hollowed, et al., supra note 267;   Nicholson, M.D. and S.J. Jennings, “Testing candidate indicators to support 

ecosystem-based management: the power of  monitoring surveys to detect temporal trends in fish community metrics”, 
ICES Journal of  Marine Science 61, 2004. 

382 A.B. Hollowed, et al., Ibid.;  G. Steffansson, supra note 267;  Plaganyi, E.E. and D.S. Butterworth, “A critical look at the 
potential of  ECOPATH with ECOSIM to assist in practical fisheries management”, African Journal of  Marine Science 26, 2004;  
Koen-Alonso, M. and P. Yodzis, “Multispecies modelling of  some components of  the marine community of  northern and 
central Patagonia, Argentina”, Canadian Journal of  Fisheries and Aquatic Sciences 62, 2005. 
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Box 35:  The Chilean community-based management system 

Chilean artisanal fisheries support thousands of fishers in dozens of coastal communities 
along over a thousand kilometres of coastline.  The fishery harvests a mix of over 50 species 
of commercially valuable invertebrates and fish, and the economically dominant species in 
the catch, particularly loco, became so badly depleted that closures were required in the 
mid-1980s and early 1990s.  Following the 1990 closure, a management regime was 
established allocating territorial fishing rights to communities, who had substantial 
responsibility for co-management of the fisheries within their assigned territory.  Initial 
attempts to assign quotas within administrative regions were generally considered failures, 
due to inability to have sufficiently accurate assessments for assigning quotas for the key 
species in the fisheries.  Faced with poor success of a quota-based territorial management 
system, policy, management, and science efforts focused on setting up a “turf” or “AMERB” 
system.  The allocation of territories was based on quality and productivity of the habitat in 
each area, with both of those properties largely inferred from historic catches in the 
fisheries.  After a transition period from an individual quota system to fishing for loco 
solely within community-managed “turfs” in the late 1990s, these artisanal fisheries have 
been managed under a community-based system for the past several years.  Abundance of 
the exploited stocks has apparently stabilized and the fishery operates in an orderly 
fashion, although there is evidence of undocumented catches in addition to legal landings 

The importance of an ecosystem approach became prominent as the turf system was 
implemented.  Knowledge was needed regarding seabed features, stock abundance and 
productivity, the distribution of different species taken in these mixed species fisheries, and 
catches taken by fishers using different gears and different practices.  The information was 
needed on relatively fine spatial scales, and could only be provided by close integration of 
community knowledge, fisheries monitoring, and scientific investigations.  The integration 
of these three sources of information has, however, created the opportunity for a new 
management approach that appears to be performing much better both ecologically and 
economically than the preceding approaches. 

Gonzales, J., et al., “The Chilean turf system: How is it performing in the case of the loco fishery?”,  
Bulletin of Marine Science 78,  2006, pp. 499-527. 

 
 

The first objective of targeting of data collection efforts requires building on the 
elements discussed in Module II. The key components and processes in the ecosystem, as 
well as the major social and economic benefits that are provided define the priorities for data 
collection. Those priorities guide the setting of ecosystem objectives, which in turn guide the 
selection of indicators, and consequently should guide the priorities for data collection.  The 
data collection programmes then close the loop by providing more and better information 
for revisiting, in the future, conclusions about key ecosystem components and processes, key 
human uses of the ecosystems, and reliable indicators and reference points.  

With regard to the data collection programmes, there is nothing special about adopting 

an ecosystem approach. Where science-based data collection projects are in place or can be 

established, they should be focused as described above. However, science capacity is always 



 Module IV
 

  

224 

                                                

limited. Lessons already learned about the great potential of community-based data 

collection programmes are readily applied in an ecosystem approach context.383  

If the process for setting the ecosystem objectives was adequately inclusive, then knowledge 

of community capacities for collecting data should have been a consideration in the selection 

of indicators as well. Hence the integration of community-based programmes with the 

necessary data collection should flow naturally in an ecosystem approach to policy and 

management.   

The key concerns for policy and management are that the community really does 

understand and support reasons why the data collection programmes are being implemented, 

and receive the necessary training on what to measure, how to take the measurements, and 

where the data go once they have been collected.384 Naturally, ensuring that the community 

will continue to support these data collection programmes requires providing the community 

with feedback on what information is in the data that they are collecting, and how that 

information is being used.  Such feedback should be structured into governance processes, 

often with the benefit of linking discussions of the options being considered in policy and 

management directly to the information that has come from the communities.   

However, the other important lesson from past single-species data collection 

programmes that is particularly relevant to an ecosystem approach is that data collection is 

only the first step in supporting policy and management. The second policy and 

management objective for data collection – getting maximum value from the investments 

that are made – can only be realized when provisions are made for both archiving and 

mobilizing data.385 This is true for both data from scientific research and surveys and from 

community-based programmes. Data have to be submitted to some central body for quality 

assurance processes and then stored in ways that allow the data to be used. Unless these 

activities are planned and resourced, they are likely to function poorly or break down 

completely. If the data that have been collected are not checked for quality, and stored in 

places where everyone who needs to use the data can access them easily and understand 

 
383  Graham, P.M., C.W.S. Dickens and R.J. Taylor, “MiniSASS: a novel technique for community participation in river 

health monitoring and management”, African Journal of  Aquatic Science 29, 2004; Weldon, D., et al., “The Community Aquatic 
Monitoring Project (CAMP) for measuring marine environmental health in coastal waters of  the southern Gulf  of   
St. Lawrence”, Canadian Technical Report of  Fisheries and Aquatic Sciences 2624, 2004. 

384  S. Helleman, supra note 281;  Sharpe, A. and C. Conrad, “Community based ecological monitoring in Nova Scotia: 
challenges and opportunities”, Environmental monitoring and assessment 113, 2006. 

385  S. Helleman, Ibid.; D.E. Busch and J.C. Trexler, supra note 365.   
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what they are getting, uses of the data will be infrequent or misleading (or both), with the 

consequence that few of the benefits from the data collection will be realized.   

Little is gained by keeping even the best data in unused archives. Part of “mobilizing” 

data is ensuring that they are analysed in a timely manner, and the results are disseminated 

widely. The data themselves need to be made widely available for examination, not just the 

results of analyses by technical experts, and the data and results need to be understandable 

by communities, stakeholders, managers, and policymakers, if the data are to support 

effective management. For management and policy, the message is that provision must be 

made for care and use of the data, not just collection. This requires good planning, but may 

be sometimes overlooked without explicit attention. 

 

(c) Monitoring of  ecosystem indicators can be a highly technical exercise, but 
community-based programmes also have been very successful. They provide 
information of  value for assessment, evaluation, and planning, and they 
engage communities and stakeholders directly in the activities forming the 
foundations for conservation and sustainable development. 

(d) Policymakers and managers need to know the health of  the ecosystem 
overall, the status and trends of  the components and processes most directly 
associated with important ways that humans use the ecosystem, and the 
status and trends of  those benefits being taken from the ecosystem. They 
also need to know the status and trends of  ecosystem properties that provide 
a sound basis for their choice among management and policy options. 

(e) Benchmarks and targets play a crucial role linking ecosystem objectives to 
indicators and their supporting monitoring programmes. Benchmarks or 
targets are simply the position on the indicator that represents achievement 
of  the corresponding ecosystem objective.  

Summary of key ideas 

(a) Information from monitoring parts of  the ecosystem forms the core of  
periodic assessments of  the status and trends of  the ecosystem, or key 
components of  those ecosystems. Assessments must be scientifically sound 
and reliable, and considered credible by experts and citizens, as well as 
policymakers and managers.  In addition, because of  the central role of  
monitoring in these assessments, monitoring has to be planned well and 
conducted soundly. 

(b) It is generally easier to measure variables about specific pieces of  the 
ecosystem composition than to measure ecological processes directly. 
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(i) The two goals of  data collection are to target the resources invested in data 
collection in order to provide the greatest value for the amount of  the 
investment, and to get the greatest benefits possible from data that are being 
collected. 

(j) The key components and processes in the ecosystem and the major social 
and economic benefits that are taken define the priorities for data collection. 
Those priorities guide the setting of  ecosystem objectives, which in turn 
guide the selection of  indicators, and consequently should guide the priorities 
for data collection. Data collection programmes then provide more and better 
information for revisiting, in the future, conclusions about key ecosystem 
components and processes, key human uses of  the ecosystems, and reliable 
indicators and reference points. 

(f) “Target” is usually reserved for indicators and ecosystem objectives 
associated with enjoying social and economic benefits. “Limits” reflect the 
position on the indicator beyond which the risk of  serious or irreversible 
harm to the ecosystem property becomes dangerously high. A third class of  
benchmarks is the reference points that reflect the pristine state of  the 
ecosystem. 

(g) Modeling plays many roles in science-based and knowledge-based policy and 
management. It is particularly important in an ecosystem approach, because 
some important ecosystem properties are not directly measurable. 

(h) There will always be uncertainty about the current state of  the ecosystem, 
and the dynamic processes that will play out in the future, regardless of  the 
assumptions that are made in a scenario. However, ecosystem models can 
provide insight into possibilities: they can help clarify which options are more 
likely to achieve policy and management objectives, and which options may 
be less likely to result in undesirable consequences.   

5. Addressing incomplete knowledge and capacity limitations 

Few States in the world have the scientific, technical and management capacity to implement 

every idea and activity discussed above.  Moreover, even significant investments in science 

and management over many years have not prevented some spectacular failures to achieve 

sustainability, such as with cod fisheries in several parts of  Canada and Europe.386 The 

overall goal should always be to consolidate as much knowledge as does exist on a marine 
 

386  Rice, J.C., “Every which way but up: the sad story of  Atlantic groundfish, featuring Northern cod and North Sea 
cod ”, Bulletin of  Marine Science 78, 2006, pp. 429-465. 
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ecosystem, from all sources – science experts, communities, those who have lived with the 

sea – and use it as effectively as possible. Even States without a history or capacity for 

intensive scientific research and monitoring will find that actually there is a lot of  knowledge 

to start with, and both local and international experience from which to draw.  

The following section discusses strategies that have been developed for using that knowledge 

and experience wisely. International cooperation in this respect should foster joint scientific 

research, exchange of information, knowledge and experience, and transfer of technology. These 

issues have become focal points in many international fora in recent years.387   

5.1 Science, policy and knowledge gaps  

Science is uncertain and knowledge is incomplete, but in the long run, management and 

policy leads to more sustainable outcomes when it pays attention to science information and 

advice than when it does not. That does not mean that science advice should dictate policy 

and management outcomes. Rather, it means that if  the science advice is sound and 

impartial, and considers the available information and knowledge as fully as possible, it 

provides the preferred basis for dialogue leading to decisions within the governance systems.  

It is a preferred basis for dialogue because good science information and advice provides 

a shared factual basis that can be accepted by all parties as the starting point for evaluating 

policy options and management choices. This does not guarantee that the subsequent 

dialogue will be easy, if participants have different implicit objectives or different priorities 

among explicit ecosystem objectives.  However, the dialogue is at least easier if it starts from 

a common view of the key features of the ecosystem and their present status and current 

trends. Then the dialogue can focus on which policies and management actions are most 

likely to produce consequences that are desired and avoid ones that are not, rather than 

degrade into “dueling experts” where groups advocating different outcomes present 

incompatible sets of “facts” which each argues is the right basis for policy and 

management.388  

 
387  See, for example, Reports on the work of  the United Nations Open-ended Consultative Process established by the 

General Assembly in its resolution 54/33 in order to facilitate the annual review by the Assembly of  developments in ocean 
affairs, at www.un.org/Depts/los/consultative_process.htm. 

388  D.S. Butterworth and A.E. Punt, supra note 373;  ICES, supra note 369. 
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Science has procedures for ensuring that the science information delivered to 

policymakers and managers meets high standards for objectivity, impartiality, and 

completeness.  It has already been stressed that managers and policymakers should demand 

that those procedures are applied. However, even when best science practices are followed, 

science information and knowledge will be limited by many types of knowledge gaps. These 

knowledge gaps can be of many types: 

(a) Which species play crucial roles in systems with many species; 

(b) How much ecological processes are varying over time, and what is causing the 

variation; 

(c) How specific human activities affect ecosystem components and processes, and to 

what extent; 

(d) What is causing observed trends in ecosystem components and processes; and 

(e) What would be the consequences of  some event – either an extreme event by a 

natural force of  the system, or some new human activity.  

The degree to which development of policy and implementation of management is 

impeded by the knowledge gaps will vary from case to case, but at least sometimes can be 

very serious.   

5.2 The application of precaution 

Because knowledge of  ecosystems is incomplete, precaution is necessary in the planning and 

implementation of  an ecosystem approach. Managers need to assess risk at all levels, 

including the cumulative impacts of  multiple human activities on marine ecosystems, and 

levels of  precaution should be proportional to the amount of  information available, such 

that management decisions should be more precautionary the less that is known about an 

ecosystem.  

When the knowledge gaps are large or serious a reasonable first step for policy and 

management is to determine how long it would take to reduce the knowledge gap, in the 

context of the ability to delay action.  If decisions can be delayed somewhat without serious 

consequences, sometimes it is feasible to collect some crucial observations relatively quickly, 

and augment the science advice to make it more helpful to management and policy.  

Sometimes modeling or extrapolations can help to fill gaps, but there are cautions on 
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modeling that need to be kept in mind. Modeling can be valuable in exploring the possible 

consequences of alternative choices, and for exploring the ways that incomplete information 

on a system could best be combined. However, it is not the usual case that models can 

actually fill in the gaps in knowledge reliably, unless there is very good knowledge for many 

related components of the ecosystem.389 More often, modeling may be used to eliminate 

highly implausible scenarios, and otherwise to explore how great the uncertainty about 

outcomes of management and policy really is.   

One of the most important responsibilities of science advisors is to communicate this 

uncertainty clearly to policy-makers and managers.390 It can be challenging for advisors to 

describe uncertainty in ways that are actually helpful to policy and management.  Sometimes 

the uncertainty arises from gaps in data (or more generally, knowledge).  In those cases the 

impact of the uncertainty on policy and management depends on the nature of the data gap.  

The closer the data gaps are to the properties of the ecosystem being used or being impacted 

directly by human activities, the more the data gaps mean that the current status and trends 

of the ecosystem components being used or impacted are not known. In those 

circumstances management and policy has to exercise greater caution in managing the 

human activities because their sustainable rates and impacts are not known, and cannot be 

monitored directly.   

Where the uncertainty arises from the complexity of the relationships among the key 

ecosystem components and processes, then risk management approaches can be very useful 

for policy and management.  Qualitative risk management tools are being developed which 

allow the uncertainty about linkages among species and about rates of ecological processes 

to be expressed as risks associated with the choices available to policy and management.391 

These tools can use all the information that is available, but do not require extensive data 

bases in order to be used effectively in supporting policy and management.   

 
389  A.B. Hollowed, et al., supra note 267;   G. Steffansson, supra note 267.   

390  ICES, supra note 361; Hilborn, R., “Ecosystem-based fisheries management: The carrot or the stick?”, Marine ecology 
progress series 274, 2004; Walters, C.J. and S.J.D. Martell, Fisheries Ecology and Management, Princeton University Press, 2004. 

391  C.J. Walters and S.J.D. Martell, Ibid.; Newman, M.C, M.H.Jr. Roberts and R.C. Hale, Coastal and Estuarine Risk 
Assessment, Lewis Publishers, 2002;  Astles, K.L., et al., “An ecological method for qualitative risk assessment and its use in 
management of  fisheries in new South Wales, Australia”, Fisheries Research 82, 2006. 
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These qualitative risk management tools can also be helpful when the uncertainty arises 

from environmental variability. In these situations, the future state of the ecosystem 

components and processes, the benefits from human uses, and the impacts of human 

activities on the ecosystems, will all be affected by weather, climate, or oceanographic 

conditions that cannot be predicted in advance.  Hence, it is impossible to advise managers 

and policymakers with certainty about the consequences of various policy or management 

options, because the consequences will depend on these future conditions. In these 

circumstances the qualitative risk assessment methods can be helpful in at least ranking 

options by their possible consequences. For example, it may be possible to identify what 

options are likely to be consistent with the ecosystem objectives under the widest range of 

possible future conditions, or likely to lead to failure to comply with a crucial conservation 

Objective under a plausible set of future conditions.392  This type of information can be useful 

in the dialogue leading to choices among options, without waiting for greater certainty about the 

ecosystem structure and function, and the consequences of each management option. 

Presenting the uncertainty about sustainability and ecosystem consequences of a human 

activity clearly is important, but only contributes to the decision-making process. How policy 

and management react to the uncertainty is crucial to wise decision-making. It is a well 

established principle that as uncertainty about the consequences of a decision increases, the 

decisions must be increasingly cautious.393 Moreover, when possible consequences of an 

activity are serious or irreversible harm is likely to result, many international agreements 

highlight that the precautionary approach should be applied. The precautionary approach 

states that “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” (Principle 15 of the Rio Declaration). Hence, management and 

policy should ensure that the probability of serious or irreversible harm must be kept very low, 

and uncertainty should not be a reason to postpone taking necessary conservation measures.394   

 
392  Burgman, M.A., S. Ferson and H.R. Akckaya, Risk assessment in conservation biology, Chapman and Hall, 1993;  

ICES, supra note 369. 

393  FAO, supra note 364. 

394  Aqorau, T., “Obligations to protect marine ecosystems under international Conventions and other legal 
instruments”, M. Sinclair and G.Valdimarsson (eds.), Responsible Fisheries in the Marine Ecosystem, FAO, 2003,  
pp. 25-40.   
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The entire framework discussed above helps to implement an ecosystem approach to 
management. The conservation objectives identify the parts of the ecosystem where harm 
is most likely to be serious and difficult to reverse. The selection of appropriate indicators 
and limit reference points, supported by targeted monitoring, modeling, and periodic 
assessments, provide information on the status of the ecosystem relative to respecting 
the conservation objectives. The communication of uncertainty, where possible presented 
in risk-based formats, makes the knowledge and the uncertainties about the status and 
trends of the ecosystem, and consequences of management options, readily available to 
the decision-making process supported by the governance system. All these steps are 
feasible, and together allow an ecosystem approach to be followed, on many scales from 
local to global.   

 

Summary of key ideas 

(a) Few States have the scientific, technical, and management capacity to 
implement every idea and activity discussed in this module. The overall goal 
should always be to consolidate as much knowledge as does exist on a marine 
ecosystem from all sources and use it as effectively as possible.   

(b) Science is uncertain and knowledge is incomplete, but management and policy 
leads to more sustainable outcomes when it pays attention to science 
information and advice.   

(c) Good science information and advice provides a shared factual basis that can 
be accepted by all parties as the starting point for evaluating policy options 
and management choices. However, even when best science practices are 
followed science information and knowledge will be limited by many types of  
knowledge gaps. 

(e) When knowledge gaps are large or serious a reasonable first step for policy 
and management is to determine how long it would take to reduce the 
knowledge gap, in the context of  the ability to delay action. One of  the most 
important responsibilities of  science advisors is to communicate this 
uncertainty to policy-makers and managers. It can be challenging for advisors 
to describe uncertainty in ways that are actually helpful to policy and 
management. How policy and management react to the uncertainty is crucial 
to wise decision-making.  

(f) As uncertainty about the consequences of  a decision increases, the decisions 
must be increasingly cautious and the precautionary approach should be 
applied. The precautionary approach states that 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. 
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6. Adaptive management 

There are probably as many definitions of  adaptive management as there are of  an 

ecosystem approach, and the concept itself  is evolving as experience accumulates.395  In its 

essence, adaptive management is an approach to management which starts by acknowledging 

that knowledge will always be incomplete, and even well-studied ecosystems may show 

unexpected responses to both human activities and natural events.  Hence, there is always 

more to learn even after the best-laid management plans have been implemented, and 

management is improved if  the lessons that are learned can be applied to improve future 

management. The tools laid out above (see sect. 3 and 4) are useful in helping that learning to 

happen (also see Module II, sect. 6 and 7). 

Adaptive management begins with consolidating as much knowledge as does exist on the 

marine ecosystem and the communities and industries whose activities depend on or affect 

the ecosystem (see Module II, sect. 3-5).  This knowledge becomes the basis for dialogue and 

consultation among all parties in the governance system, including policymakers, managers, 

stakeholders, and technical experts.  The initial goal of the dialogue is agreement on the 

ecosystem objectives (see sect. 3 above) and indicators and reference points for measuring 

progress towards the ecosystem objectives (see sect. 4 above).  Those become the 

foundation for development of a management plan or strategy with provisions that, with the 

knowledge that exists at the time, seems likely to promote achievement of the social, 

economic, and ecological objectives in some balanced way.   

Although the initial management plan or strategy has a central role in adaptive 

management, monitoring of the selected indicators and periodic assessments of the actual 

consequences of the management plan or strategy are critical. It is these periodic assessments 

that identify what is working well and what is not. For example, where is movement towards 

targets not occurring and where are ecological limits being approached, so additional 

measures are needed? Likewise, what measures are resulting in good progress towards targets, in 

which case those measures may be used more widely to address other problems?  Perhaps there 

have been changes to the ecosystem that were unforeseen, such as the invasion of some new 

species whose consequences for the other species in the ecosystem must be considered in 

management. Perhaps social or economic priorities have changed, such as changes in fuel or 

labour costs, leading to new or different social or economic objectives. 

 
395  See UNEP, Additional Resources on Adaptive Environmental Management, at www.unep.org/dec/;  Walters, C.J., “Challenges of  

Adaptive Management in riparian and coastal ecosystems”, Conservation Biology 1, 1997;  Lee, K.N., “Appraisal of  Adaptive 
Management”, Conservation Biology 3, 1999. 
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Crucially, the results of these periodic evaluations are used to modify the provisions in 
the management plan or strategy, to fix things that have not worked, consolidate the 
progress from those that have, and accommodate changing social, economic, and ecological 
conditions.  Adaptive management is just that – adapting management to make best use of 
new knowledge and new priorities.  But it is also ensuring that management is designed and 
implemented so it facilitates learning, supports adaptation, and keeps the support of those 
whose activities are being managed.  At all times, management is the best possible with the 
knowledge available, and is helping that knowledge base to grow.   

 

(b) There is always more to learn even after the best-laid management plans have 
been implemented, and management is improved if  the lessons that are 
learned can be applied to improve future management.  

 Questions for discussion 

 (a) What steps are necessary to ensure that a management plan is adaptive and 
takes into account changes in knowledge and conditions? 

(b) In that context, what mechanisms are needed to ensure that consultation 
among all parties in the governance system take place? 

Summary of key ideas 

(a) Adaptive management is an approach to management that starts by 
acknowledging that knowledge will always be incomplete, and even well-
studied ecosystems may show unexpected responses to both human activities 
and natural events.  

 

7.  Area-based management as a tool for the development and 
implementation of an ecosystem approach 

Area-based management tools are an important consideration for the implementation of  an 
ecosystem approach (see Box 36 below). Area-based management tools can have a wide 
variety of  management objectives, including the preservation of  important ecological or 
geomorphologic processes, conservation and management of  species, protection of  
seascapes, cultural, archaeological or historic sites, recreation and public enjoyment, 
environmental monitoring and assessment, and scientific research. As such, area-based 
management can assist inter alia in the conservation of  ecosystems that are unique, 
particularly rich in species, or representative of  biogeographical units. It can also help 
maintain ecosystem productivity and biodiversity. 
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Box 36: Case study - an ecosystem approach to the management  

of the great barrier reef marine park 

The Great Barrier Reef Marine Park (GBRMP) in Australia was the world’s first declaration 
of a large-scale marine protected area based on an ecosystem approach to management. 
Integrated management measures for the GBRMP included: 

1. A single independent agency (i.e. the Great Barrier Reef Marine Park Authority 
(GBRMPA)) with an Act which, if necessary, provided overriding powers; 

2. Strong cooperation between relevant government agencies, industry, research 
institutions; and 

3. Complementary legislation for most adjoining State waters; and strategic zoning plans 
and site-specific management plans. 

The Amalgamated Great Barrier Reef Section was divided into eight zones: 

1. The Preservation Zone is a “no go” area for the general public. Extractive activities are 
strictly prohibited. A permit is required to conduct research in this zone. 

2. The Marine National Park Zones are “no-take” areas and extractive activities, like 
fishing or collecting, are not allowed without written permission. 

3. The Scientific Research Zone facilitates scientific research in areas relatively 
undisturbed by extractive activities. 

4. The Buffer Zone provides for the protection and conservation of areas of the GBRMP in 
their natural state, while continuing to allow the public to appreciate and enjoy the 
relatively undisturbed nature of the area. 

5. The Conservation Park Zone allows for increased protection and conservation of areas 
of the GBRMP, while providing opportunities for reasonable use and enjoyment, 
including limited extractive use. 

6. The Habitat Protection Zone provides for the conservation of areas of the GBRMP by 
protecting and managing sensitive habitats and ensuring they are generally free from 
potentially damaging activities. 

7. The General Use Zone is to provide opportunities for reasonable use of the GBRMP, 
while still allowing for the conservation of these areas. 

8. The Commonwealth Island Zone is comprised of those areas of the GBRMP that are 
above the low water mark; namely, Commonwealth islands or parts of Commonwealth 
islands. This zone can be used or entered without permission for low impact (non-
extractive) activities, photography, filming, sound recording and limited educational 
programmes. Traditional use of marine resources is allowed with written permission or 
in accordance with an accredited Traditional Use of Marine Resources Agreement. 

Environmental impact assessments are required for all major developments within the 
GBRMP, and potential environmental impacts associated with major developments are 
controlled. 

See The Great Barrier Reef Marine Park Authority, at www.gbrmpa.gov.au/corp_site.  Last accessed 
October 2008. 
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Area-based management tools facilitate the management of pressures from human uses, 

such as fishing and shipping, which can negatively impact the ecosystem and resources of a 

geographically defined area. The degrees of protection that can be adopted in such areas 

range from areas of strict protection, where uses are excluded entirely, to areas where 

multiple uses are allowed and regulated.  Area-based management is thus useful in the 

implementation of an ecosystem approach and a precautionary approach. 

Implementation of any area-based management tool should be consistent with the legal 

framework provided in UNCLOS. The general obligation to protect and preserve the marine 

environment under UNCLOS (article 192) provides a basis for the implementation of area-

based management. To that end, States must take, individually or jointly, all necessary 

measures to prevent, reduce and control pollution from various sources (articles 194 and 

196). Among these measures are those necessary to protect and preserve rare or fragile 

ecosystems as well as the habitat of depleted, threatened or endangered species and other 

forms of marine life (see also sect. 7.1.2, 7.1.3). 

The types of area-based management tools available under the existing international 

regulatory instruments and policy frameworks and issues related to their implementation are 

addressed below.  Further information on these instruments and frameworks, can be found in 

Module I, sect. 5.  

7.1  Types of area-based management tools and their regulatory framework 

A number of  expressions are used to refer to the various area-based management tools 

presently in use, including “marine protected areas”; “specially protected areas”; “spatial and 

temporal closures” in the fisheries context; “special areas” and “particularly sensitive sea 

areas” in the shipping context; “sanctuaries”; and “reserves”. Understanding the implications 

of, and differences among, these tools is important to facilitate, where necessary, their use in 

a complementary manner for the integrated management of  a specific area.  

 

 



 Module IV
 

  

236 

Box 37: Case study:  The Soufriere Marine Management Area (SMMA) 

Soufriere is a rural town on the southwest coast of the island of Saint Lucia. It is 
remarkable for the richness and diversity of its landscapes and natural resources, including 
mountains, rainforest, rivers, active volcanism and coral reefs. Since the late 1980s, the 
multiplicity of uses and uncontrolled uses of coastal and marine resources has led to severe 
degradation of resources in the area. A conflict resolution process was initiated in 1992 to 
address the many issues affecting users of marine and coastal resources in Soufriere, which 
led to the official launching of the Soufriere Marine Management Area (SMMA) in 1995 
and the Agreement to Manage the SMMA. 

The mission statement of the SMMA is: to contribute to national and local development, 
particularly in the fisheries and tourism sectors, through the management of the Soufriere 
coastal zone based on the principles of sustainable use, cooperation among resource users, 
institutional collaboration, active and enlightened local participation, and equitable 
sharing of benefits and responsibilities among stakeholders. 

The SMMA agreement establishes five different types of zones within the area: 

1. Marine reserves: the purpose is to protect the natural resources. No extractive 
activity is allowed and entry into a reserve is subject to approval. Some reserves may be 
designated as Sanctuaries. 

2. Fishing priority areas: the purpose is to maintain and sustain fishing activities 
which take priority over any other use of the area. 

3. Recreational areas: these are terrestrial (beaches) and marine (swimming and 
snorkeling) areas which are reserved for public access and recreation. 

4. Yachting areas: specific areas are designated to facilitate pleasure boats, including 
yachts, and for the protection of the bottom substrate. 

5. Multiple use areas: these are areas where activities are regulated by existing 
legislation, notably the Fisheries Act and by provisions in the SMMA Management 
Agreement. Activities that may take place in these areas include fishing, diving, 
snorkeling and other recreational activities. 

This zoning system caters to the myriad of users of the area and yet provides protection for 
some of the island’s critical marine resources. The Soufriere Marine Management 
Association, consisting of the government agencies and other stakeholders concerned, was 
formed to oversee the overall management of the SMMA. 

The SMMA has resulted in an increase in the fish biomass and biodiversity. It illustrates 
the importance of participation and consultation in the conservation and sustainable use of 
marine ecosystems and the fair and equitable sharing of benefits to be derived from the use 
of marine resources. 

See SMMA, at www.smma.org.lc. Last accessed October 2008. 
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7.1.1 Protected areas  

The terms “marine protected areas” 
396 and “specially protected areas” cover a wide range of  

area-based management tools that provide a higher level of  protection of  the biodiversity 
and critical habitats of  clearly delineated areas, as compared to the surrounding areas. The 
primary goal of  a protected area is to protect and conserve the biodiversity and productivity of  
that area, including ecological life support systems, such as breeding grounds. However, 
protected areas can be established for a variety of  complementary objectives, as outlined above.  

The IUCN has defined a series of six protected area397 management categories, based on 
primary management objectives. According to these categories, strict nature reserves are 
used primarily for scientific research and/or environmental monitoring. Wilderness areas are 
managed and protected to preserve their natural condition. National parks are designated to 
protect the ecological integrity of one or more ecosystems, exclude exploitation or 
occupation inimical to the purposes of designation of the area, and provide a foundation for 
spiritual, scientific, educational, recreational and visitor opportunities. Natural monuments 
are managed mainly for conservation of specific natural features. Habitat/species 
management areas are subject to active intervention for management purposes so as to 
ensure the maintenance of habitats and/or to meet the requirements of specific species. 
Protected landscapes/seascapes are managed for landscape/seascape conservation and 
recreation. Managed resource protected areas are managed to ensure long-term protection 
and maintenance of biodiversity, while providing at the same time a sustainable flow of 
natural products and services to meet community needs. 398   

Owing to the fluid and transient nature of the marine environment and its resources, a 
representative network of protected areas has been promoted in several fora, including the 
CBD, as offering the best form of biodiversity protection. Such a representative network 
refers to the selection and protection of significant ecosystem types in a country or region, 

 
396  In the context of  the CBD, the Ad Hoc Technical Expert Group on Marine and Coastal Protected Areas, 

established by the Conference of  the Parties in 2000, proposed the following definition: “any defined area within or 
adjacent to the marine environment, together with its overlying waters and associated flora, fauna, and historical and 
cultural features, which has been reserved by legislation or other effective means, including custom, with the effect that its 
marine and/or coastal biodiversity enjoys a higher level of  protection than its surroundings.” 

397  IUCN has proposed the following definition of  a protected area: “An area of  land and/or sea especially dedicated to 
the protection and maintenance of  biological diversity, and of  natural and associated cultural resources, and managed 
through legal or other effective means”. Specifically with reference to MPAs, it has adopted the following definition: “any 
area of  intertidal or subtidal terrain, together with its overlying water and associated flora, fauna, historical and cultural 
features, which has been reserved by law or other effective means to protect part or the entire enclosed environment.” 
Resolution 17.38 of  the IUCN General Assembly, 1988, reaffirmed in resolution 19.46, 1994. 

398  See www.iucn.org/about/union/commissions/wcpa/index.cfm. 
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possibly linked by ecological corridors. In such cases, the conservation of biodiversity is best 
achieved if the protected areas included in the network represent all species and habitat 
types. Networks may comprise many relatively small sites, each strictly protected, or fewer 
large-scale multiple-use areas encompassing a complete marine ecosystem or a large part 
thereof and containing strictly protected areas. Different uses and degrees of protection may 
be provided within a single large-scale area. 399  

In addition to UNCLOS, several international instruments address specific issues related 
to the conservation and sustainable use of biodiversity, seascapes of particular importance 
and natural heritage, including through the establishment of protected areas.  

At the global level, the CBD, which applies to processes and activities, regardless of 
where their effects occur, carried out under the jurisdiction or control of States within or 
beyond areas subject to national jurisdiction (article 4), requires its parties to cooperate 
directly, or through competent international organizations for the conservation and 
sustainable use of biodiversity (article 5). Article 8 on “In-situ conservation” requires,  
inter alia, contracting parties, as far as possible and as appropriate, to establish a system of 
protected areas or areas where special measures need to be taken to conserve biological 
diversity. Programme element 3 of the elaborated programme of work on marine and coastal 
biological diversity related to MPAs, includes among its objectives, inter alia, the 
establishment and strengthening of national and regional systems of MPAs integrated into a 
global network. 400  

At the WSSD, States committed to developing and facilitating “the use of diverse 
approaches and tools, including the establishment of MPAs consistent with international law 
and based on scientific information, including representative networks by 2012.” 401    

Since 2002, the General Assembly has also consistently called upon States to develop 
and facilitate the use of diverse approaches and tools for conserving and managing 
vulnerable marine ecosystems, including the possible establishment of MPAs, consistent 
with international law and based on the best scientific information available, and the 
development of representative networks of any such MPAs by 2012. 402    

 
399  The seventh meeting of  the CBD Conference of  the Parties, in Decision VII/5, Appendix III, stated that integrated 

networks of  marine and coastal protected areas (MCPAs) are part of  an effective marine and coastal biodiversity 
management framework consisting of: MCPAs, where threats are managed for the purpose of  biodiversity conservation 
and/or sustainable use and where extractive uses may be allowed; and representative MCPAs where extractive uses are 
excluded, and other significant human pressures are removed or minimized, to enable the integrity, structure and 
functioning of  ecosystems to be maintained or recovered. 

400  Decision VII/5, annex. 

401  Plan of  Implementation of  the World Summit on Sustainable Development, supra note 2, para. 32 (c). 

402  See General Assembly Resolutions A/RES/57/141, para. 51; A/RES/58/240, para. 54; A/RES/59/24, para. 72; 
A/RES/60/30, para. 74; A/RES/61/222, para. 97; A/RES/62/215, para. 111 and 112, at www.un.org/Depts/los/. 
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Box 38: Marine protected areas in Palau 

Palau has a long-term traditional practice of bul, which involves placing reef areas off 
limits to fishing during fish spawning and feeding periods. This traditional system was the 
basis for Palau’s network of protected areas and its new Protected Area Network (PAN) 
law. The PAN law identified vulnerable ecosystems and coordinated the community, 
national, and international assistance necessary to institute appropriate protection. It was 
intended not only to respect local ecosystems and meet Palau’s commitments under the 
CBD, but also to serve as a model for marine protected areas across Micronesia. Palau 
plans to set aside 30% of nearshore marine ecosystems for conservation by 2010. In 
addition, Palau has been using lessons learned on ecosystem vulnerabilities at the local 
level to protect itself from threats arising beyond areas of national jurisdiction. It has taken 
into account coral reef resilience to bleaching in planning its national MPA network, and it 
has banned all bottom trawling within its waters and by any Palauan or Palauan company 
anywhere in the world. Palauan law also obligates Palau to seek an interim prohibition on 
unregulated bottom trawling in areas beyond national jurisdiction in order to protect deep 
sea fish, which aggregate around seamounts for breeding and feeding. 

See Idechong, N., Micronesian Sea Traditions - Palau’s Marine Protected Areas, presented at the  
United Nations Open-ended Informal Consultative Process on Oceans and the Law of the Sea,  
12 June, 2006, at www.un.org/Depts/los/consultative_process.htm.   

 

Regional instruments, which apply to a specifically delineated marine area within a 

region, embody a large scale area-based management approach. They can provide for 

species-specific protection measures, including through the protection of their habitats, or 

more generally aim at the protection and preservation of the marine environment. A number 

of regional instruments, including through their annexes, protocols or decisions of their 

governing bodies address marine biological diversity and include provisions on marine or 

specially protected areas. For example, the Convention for the Protection of the Marine 

Environment and the Coastal Region of the Mediterranean (Barcelona Convention) includes 

a Protocol Concerning Specially Protected Areas and Biodiversity in the Mediterranean, 

which, inter alia, protects certain natural sites by creating a series of specially protected areas. 

The Convention for the Protection and Development of the Marine Environment of the 

Wider Caribbean Region also includes a Protocol Concerning Specially Protected Areas and 

Wildlife, which addresses the protection, restoration and improvement of the state of 

ecosystems, as well as threatened and endangered species and their habitats in the Wider 

Caribbean Region by, among other means, the establishment of protected areas in the 

marine areas and their associated ecosystems. 
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7.1.2  Area-based management of fisheries 

Spatial and temporal closures and gear restrictions for specific areas to protect fish stocks 

and other vulnerable species have historically been used as a tool in conventional fisheries 

management. Under article 62(4) of  UNCLOS, coastal States, in conserving the marine 

living resources within their exclusive economic zone, can use measures such as the 

regulation of  seasons and areas of  fishing. In the high seas, article 119 requires States, when 

determining the allowable catch and establishing other conservation measures, to take 

measures to maintain or restore populations of  harvested species at levels which can 

produce the maximum sustainable yield and take into consideration the effects on species 

associated with or dependent upon harvested species with a view to maintaining or restoring 

populations of  such associated or dependent species above levels at which their 

reproduction may become seriously threatened. This can be achieved, inter alia, through the 

use of  area-based management tools. 

The United Nations Fish Stocks Agreement provides for the adoption of conservation 

and management measures for target stocks and species belonging to the same ecosystem or 

associated with or dependent upon the target stocks; it requires that fishing States minimize 

pollution, waste, discards, catch by lost or abandoned gear, catch of non-target species and 

the adverse impacts of fishing on associated or dependent species, in particular endangered 

species, through the development and use of selective, environmentally safe and cost-

effective gear and techniques; and it further requires the protection of biodiversity in the 

marine environment (article 5). States must apply widely the precautionary approach and 

develop data-collection and research programmes to assess the impact of fishing on non-

target and associated or dependent species and their environment. States must also adopt 

plans to ensure the conservation of such species and to protect habitats of special concern 

(article 6).  

The recommendations of the 2006 Review Conference on the United Nations Fish 

Stocks Agreement highlighted, inter alia, that closed areas, MPAs and marine reserves can be 

effective tools for the conservation and management of some fish stocks and habitats of 

special concern. In addition, some RFMO/As have utilized closed areas both to manage 

fisheries and to protect habitats and biodiversity. The Conference recommended, inter alia, 

that States, individually and collectively through RFMO/As: develop management tools, 

including closed areas, MPAs and marine reserves and criteria for their implementation, to 

effectively conserve and manage straddling fish stocks, highly migratory fish stocks and high 

seas discrete stocks and protect habitats, marine biodiversity and vulnerable marine 
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ecosystems, on a case-by-case basis in accordance with the best available scientific 

information, the precautionary approach and international law. 403   

The FAO Code of Conduct establishes as one of its general principles the protection and 
rehabilitation of all critical fisheries habitats in marine and freshwater ecosystems, such as reefs 
and nursery and spawning grounds. It stresses that particular efforts should be made to protect 
such habitats from destruction, degradation, pollution and other significant impacts resulting 
from human activities that threaten the health and viability of fishery resources (paragraph 6.8). 
The Code further provides for States to take appropriate measures to minimize waste, 
discards, catch by lost or abandoned gear, catch of non-target species, both fish and non-fish 
species, and negative impacts on associated or dependent species, in particular endangered 
species. Such measures, which should be applied to protect juveniles and spawners, may 
include closed seasons and areas and zones reserved for selected fisheries, particularly artisanal 
fisheries (paragraph 7.6.9). In addition, the Code provides for States and RFMO/As, within 
their respective competences, to introduce measures for depleted resources and those 
resources threatened with depletion that facilitate the sustained recovery of such stocks, and to 
ensure that fishery resources and habitats critical to the well-being of such resources that have 
been adversely affected by fishing or other human activities are restored (paragraph 7.6.10). 

As regards the role of MPAs in the context of fisheries, it has been recognized that, if 
properly implemented, protected areas can lead to higher densities, biomass, mean size of 
organisms and diversity of species within their boundaries, although this general result is 
influenced by factors such as the species composition, the nature and intensity of the 
activities being displaced by the restrictions inside the area, fishing intensity outside the 
protected area. In some cases, MPAs have been clearly found to have some benefits for 
fisheries performance beyond their boundaries, but the potential role of MPAs in this regard 
needs to be carefully evaluated in comparison to other management tools, on a case-by-case 
basis, taking into account the objectives being pursued, the relevant local biological and 
ecological characteristics and the nature and spatial characteristics of the fishery and the 
people dependent on it. 404   

Technical guidelines on the design, implementation and testing of MPAs are being 
developed, building on the best available knowledge on fisheries science and management 
and the role and requirements of MPAs, with particular emphasis on their potential 
contribution to the ecosystem approach to fisheries, in order to assist members with meeting 
the WSSD goal of representative MPA networks by 2012. The FAO Expert Workshop on 

 
403  See Report of  the Review Conference, A/CONF.210/2006/15, at www.un.org/Depts/los/. 

404  Implementing the Ecosystem Approach to Fisheries, including Deep-Sea Fisheries, Biodiversity Conservation, 
Marine Debris and Lost or Abandoned Fishing Gear, COFI/2007/8. 
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MPAs and Fisheries Management: Review of Issues and Considerations (Rome, 2006) 
405 

agreed that MPAs as a fishery management tool: contribute to achieving conservation and 
sustainability objectives of fisheries management while contributing to biodiversity and 
habitat conservation; are temporally and geographically specified in three dimensions for a 
portion of the geographic range of the fishery management unit; afford fishery resources a 
higher degree of protection within the geographic boundaries of the MPA than the resource 
is afforded elsewhere within the geographic range of the fishery management unit; are 
established through legally binding mechanisms and/or other effective means; and usually 
have resource conservation and sustainability benefits, other ecological benefits, and/or 
social benefits, beyond the boundaries of the MPA.  The workshop also concluded that 
networks should also be employed, rather than a single MPA.  

As regards the use of area-based management tools by RFMO/As, most of the regulated 
areas in these organizations are subdivided into smaller geographic zones (fisheries 
management units), which means that requirements, for example, to use or prohibit certain 
types of gear, to restrict harvesting at certain depths, or to undertake carefully managed 
exploratory fishing, may be confined to these subdivisions and thus, de facto, protect 
particular marine areas from certain types of fishing activities. Conservation measures 
available to RFMO/As include closed areas and seasons, which may be temporary until, for 
example, further surveys are carried out and scientific advice is received, or to allow stock 
recovery; or long-term, for example, to protect fish spawning grounds and/or juvenile life 
history stages.  

7.1.3 Area-based management tools for other marine species 

The Bonn Convention on the Conservation of  Migratory Species of  Wild Animals is 
concerned with the conservation of  those species of  wild animals that migrate both across 
and beyond areas of  national jurisdiction. The Convention, which operates through a listing 
system, puts great emphasis on the protection of  habitats of  migratory species and regional 
cooperation. Area-based management tools, such as migratory corridors, are an efficient way 
of  achieving the protection required under this Convention. Several migratory marine 
species are listed on the CMS Appendices and a number of  regional agreements and 
memoranda of  understanding have been adopted for some of  those species. 406  

 
405  The report of  the Workshop is contained in FAO document GCP/INT/942/JPN. 

406  These include the Agreement on the Conservation of  Cetaceans of  the Black Sea Mediterranean Sea and 
Contiguous Atlantic Area (ACCOBAMS), the Agreement on the Conservation of  Small Cetaceans of  the Baltic and North 
Seas (ASCOBANS), the Agreement on the Conservation of  Albatrosses and Petrels, the MOU concerning Conservation 
Measures for Marine Turtles of  the Atlantic Coast of  Africa; and the MOU on the Conservation and Management of  
Marine Turtles and their Habitats of  the Indian Ocean and South-East Asia. 
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7.1.4 Area-based management relating to shipping activities 

Although UNCLOS does not specifically address ABMTs in the territorial sea, the measures 
that a coastal State can adopt in the territorial sea pursuant to UNCLOS in respect of  safety of  
navigation and the regulation of  maritime traffic as well as the preservation of  the 
environment and the prevention, reduction and control of  pollution can also serve to protect 
rare or fragile ecosystems. Such measures must not have the practical effect of  hampering 
innocent passage and not constitute unilateral laws and regulations relating to the design, 
construction, manning or equipment of  foreign ships (see in particular articles 21, 22 and 211).  

In the exclusive economic zone, UNCLOS in article 211, paragraph 6, specifically 
recognizes that there may be areas of the exclusive economic zone of a coastal State, which 
because of their oceanographical and ecological conditions, as well as the utilization or 
protection of their resources and the particular character of their traffic, require more 
stringent measures than what is provided by the applicable international rules and standards 
for the prevention, reduction and control of pollution of the marine environment from 
vessels.  In these circumstances, the Convention grants the coastal State the right to adopt 
the measures which have been developed by the competent international organization  
(i.e., IMO) for such areas (subparagraph (a)) as well as additional national measures relating 
to discharges and navigational practices, provided they are agreed to by the competent 
international organization (subparagraph (c)). 

Area-based measures to protect the marine environment from damage by shipping 
activities can also be adopted by IMO. MARPOL 73/78, which aims to prevent pollution of 
the marine environment from ships, provides for the designation of “Special Areas” where 
the discharge of oil, noxious liquid substances and garbage (the substances listed in annexes 
I, II and V to MARPOL 73/78) is controlled more strictly than under the generally 
applicable international standards.407 Annex VI to MARPOL 73/78 (prevention of air 
pollution from ships) provides for the possibility of designating “sulphur oxide emissions 
control areas”.408  

The IMO Guidelines for the Designation of Special Areas under MARPOL 73/78 (IMO 
resolution A.927(22)) provide guidance to MARPOL 73/78 parties in the formulation and 
submission of applications for the designation of Special Areas under the Convention. The 
criteria for an area to be given this status are grouped into: oceanographic conditions, such 
as particular circulation patterns and extreme ice state; ecological conditions, such as critical 

 
407  A “Special Area” is defined as: “a sea area where for recognised technical reasons in relation to its oceanographical 

and ecological conditions and to the particular character of  its traffic, the adoption of  special mandatory methods for the 
prevention of  sea pollution by oil, noxious liquid substances, or garbage, as applicable, is required”. 

408  Revisions to Annex VI were adopted by the IMO in 2009. 
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habitats for marine resources and rare or fragile marine ecosystems; and vessel traffic 
characteristics. The extent to which the condition of a sea area is influenced by other sources 
of pollution, such as pollution from land-based sources, dumping of wastes and dredged 
materials, as well as atmospheric deposition, should also be taken into account.  

In addition to Special Areas, the revised IMO Guidelines for the Identification and 
Designation of Particularly Sensitive Sea Areas (IMO resolution A.982 (24)), set out 
procedures and criteria for the establishment of areas requiring special protection through 
action by IMO because of their significance for recognized ecological, socio-economic, or 
scientific attributes where such attributes may be vulnerable to damage by international 
shipping activities. PSSAs can be designated within and beyond the limits of the territorial 
sea and include a buffer zone. Several PSSAs have been designated in areas within national 
jurisdiction.409 An application for a PSSA designation should identify the existing and or 
proposed associated protective measures and describe how they provide or will provide the 
needed protection from the threats of damage posed by international maritime activities 
occurring in and around the area. 

7.1.5 Other area-based management tools and approaches 

Biosphere reserves. Biosphere reserves are sites recognized under UNESCO’s Man and the 
Biosphere Programme. Biosphere reserves provide a useful example of  approaches to 
reconcile conservation and sustainable development through an integrated management and 
zoning system, including a core area, a buffer zone and a transition zone where different 
degrees of  protection are implemented. Only the core area requires legal protection and 
hence can correspond to an existing protected area such as nature reserve or a national park. 
This zoning scheme is implemented in different ways to accommodate geographical 
conditions, socio-cultural settings, available legal protection measures and local constraints. 
This flexibility facilitates the integration of  protected areas into the wider seascape. 410    

Large marine ecosystems. As described in Module I, LMEs are large regions of the 
oceans encompassing coastal areas, including river basins and estuaries, the seaward 
boundaries of continental shelves and the outer margins of the major current systems. LMEs 
are characterized by distinct bathymetry, hydrography, productivity, and populations 
depending on the same food chain. The LME approach provides an inter-disciplinary 
framework for utilizing ecologically defined LMEs on the basis of a common strategy for 
assessing, recovering, managing, and sustaining marine resources and their environments.  

 
409  See  www.imo.org. 

410  See www.unesco.org/mab. 
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Box 39: Case study: The Benguela Current Large Marine  

Ecosystem (BCLME) programme 

The BCLME has suffered from major transboundary problems such as decline of living 
resources, chronic and catastrophic deterioration in water quality, habitat destruction and 
alteration, loss of biodiversity and threats to endangered species, and harmful algal 
blooms. The BCLME Programme was launched in the late 1990s to tackle these problems. 
It is a multinational cross-sectoral initiative by three littoral States (Angola, Namibia and 
South Africa) to manage and protect the marine environment and resources of the BCLME 
in an integrated and sustainable manner. The Programme focuses on the following key 
areas: fisheries, environmental variability, seabed mining, oil and gas exploration and 
production, coastal zone management, ecosystem health, socio-economics and governance. 
It is designed to address transboundary problems in three key areas of activity: the 
sustainable management and utilization of living resources; the assessment of 
environmental variability, ecosystem impacts and improvement of predictability; and 
maintenance of ecosystem health and management of pollution. 

The Strategic Action Programme (SAP) for the BCLME was agreed by the three 
governments in January 2000. It is a concise document that outlines regional policy for the 
integrated sustainable management of the BCLME. The SAP: 

1. Details the challenges faced by the region; 

2. Establishes the principles that are fundamental to integrated management in the region;  

3. Specifies the nature, scope and timetable for deliverable management policy actions;  

4. Details the institutional arrangements for ensuring delivery;  

5. Elaborates on cooperation between the BCLME region and external institutions;  

6. Specifies how the BCLME Programme will be financed during the start-up and 
implementation phase; and 

7. Outlines approaches to ensure the long-term self-funding of the integrated management of 
the BCLME. 

The Benguela Current Commission (BCC) was established under the 2006 Interim 
Agreement between the governments of the three countries. It is a formal institutional 
structure that helps the three member States to implement an ecosystem approach to 
managing the BCLME. The functions and responsibilities of the BCC include the 
production of annual assessments, annual ecosystem reports, the provision of advice on 
harvesting marine resources and other matters related to sustainable resource use, 
particularly fisheries and the management of the BCLME as a whole. The BCC makes 
recommendations to the three member States on research and management issues relating 
to the management of the BCLME, and it is informed by an ecosystem advisory committee 
which supplies the three countries with the best available information concerning the 
implementation of an ecosystem approach to management. Instead of managing living and 
non-living marine resources at the national level, the three countries work together to 
tackle transboundary environmental issues such as pollution, the management of shared 
fish stocks and the coordination of regional efforts to mitigate the impacts of marine 
mining and oil and gas production on the environment. 

Three Activity Centres were set up, one in each of the participating countries (the Living 
Marine Resources Activity Centre in Swakopmund, Namibia; the Biodiversity, Ecosystem 
Health & Pollution Activity Centre in Luanda, Angola; and the Environmental Variability 
and Predictability Activity Centre, Cape Town, South Africa). The Centres organize working 
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groups, conduct training, present recommendations to the Program Steering Committee, 
and provide capacity strengthening and networking for their respective activities. In 
addition, advisory groups, consultative fora, and task groups were set up to facilitate the 
implementation of the BCLME Programme. 

A series of projects have been launched to assess and monitor the BCLME: testing the 
cumulative impact of offshore marine diamond mining on the ecosystem; assessing and 
mapping the biodiversity of the estuarine, coastal, nearshore and offshore environments of 
the BCLME; and identifying suitable sites for aquaculture. Further planned actions for the 
BCLME include, inter alia: 

1. Further development of appropriate frameworks and mechanisms at both regional, 
national and local levels for consultation, coordination and cooperation;  

2.  Development of capacity within the key agencies and institutions of the region;  

3. Development of effective ecosystem assessment and monitoring systems; 

4. Actions to complete the gaps in the understanding of the BCLME, its functioning, and 
the factors which affect it - biophysical and social, economic and political; 

5. Harmonization of policies and legislation relating to activities that affect the BCLME; 

6.  Increased support for activities that minimize and mitigate the negative impacts of 
development, including mining, urbanization, tourism development and resource 
exploitation;  

7.  Measures to improve sustainable resource management;  

8.  Measures to protect biological diversity; and 

9.  Quantification of the role of the BCLME as a source or sink of CO2, and clarification of 
the role of the BCLME as an early warning site for global change 

In brief, the BCLME Programme has identified the transboundary environmental issues, 
adopted detailed strategic action plans, and established institutional mechanisms for the 
development and implementation of an ecosystem approach in the BCLME. 

See The Benguela Current Large Marine Ecosystem (BCLME) Programme, at www.bclme.org. 

 
 

Marine spatial planning. This concept has been described by UNESCO as a tool for 
“analyzing and allocating parts of three-dimensional marine spaces to specific uses, to 
achieve ecological, economic, and social objectives that are usually specified through the 
political process.” Marine spatial planning is place-or area-based and can provide a practical 
approach to long-term ecosystem-based management.411   

Marine spatial planning can support the implementation of ecosystem approaches in that 
it is ecosystem-based (i.e., takes an integrated approach to management that considers the 
entire ecosystem), spatially explicit (i.e., analyzes and potentially allocates three-dimensional 
marine spaces for specific management objectives), and science-based (i.e., management 
decisions are based on the best available information and expertise). It also considers and 
addresses cumulative impacts of relevant policies and multiple current and future human 
activities that affect ecosystems; encourages transparency and participation; and considers 
multiple ocean management objectives and sectors (see Box 40 below). 
 

                                                 
411  See www.unesco-ioc-marinesp.be/ 
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Box 40: What is marine spatial planning? 

Marine spatial planning (MSP) is a practical way to create and establish a more rational 
organization of the use of marine space and the interactions between its uses, to balance 
demands for development with the need to protect marine ecosystems, and to achieve 
social and economic objectives in an open and planned way. It is important to remember 
that we can only plan and manage human activities in marine areas, not marine ecosystems 
or components of ecosystems. We can allocate human activities to specific marine areas by 
objective, e.g., development or preservation areas, or by specific uses, e.g., wind farms, 
offshore aquaculture, or sand and gravel mining. 

MSP is a continuing, iterative process that learns and adapts over time. The development 
and implementation of MSP involves a number of steps, including:  

1. Identifying need and establishing authority 

2. Obtaining financial support 

3. Organizing the process through pre-planning 

4. Organizing stakeholder participation 

5. Defining and analyzing existing conditions 

6. Defining and analyzing future conditions 

7. Preparing and approving the spatial management plan 

8. Implementing and enforcing the spatial management plan 

9. Monitoring and evaluating performance 

10. Adapting the marine spatial management process 

These ten steps are not simply a linear process that moves sequentially from step to step. 
Many feedback loops should be built into the process. For example, goals and objectives 
identified early in the planning process are likely to be modified as costs and benefits of 
different management measures are identified later in the planning process. Analyses of 
existing and future conditions will change as new information is identified and 
incorporated in the planning process. Stakeholder participation will change the planning 
process as it develops over time. Planning is a dynamic process and planners have to be 
open to accommodating changes as the process evolves over time. 

Comprehensive MSP provides an integrated framework for management that provides a 
guide for, but does not replace, single-sector planning. For example, MSP can provide 
important contextual information for marine protected area management or for fisheries 
management, but does not intent to replace them.  

See Marine Spatial Planning: a step-by-step approach toward ecosystem-based management, 
Intergovernmental Oceanographic Commission and Man and the Biosphere Programme., at 
www.unesco-ioc-marinesp.be/. 
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7.2   Development and implementation of area-based management tools412 

7.2.1 Identification of areas 

The first consideration in the implementation of  area-based management tools is the 
identification of  areas in need of  protection, based on scientific knowledge on the 
distribution of  marine species and ecosystems as well as socio-economic issues.  

Ecological and physical considerations. The complex inter-relationships and 
ecological processes that exist between species and the marine environment need to be 
studied in order to identify how to best maintain the integrity of these relationships and thus 
ensure the health of marine ecosystems. 

As described more fully in Module II, ecological processes that need to be taken into 
consideration include: physical processes, such as the movements of water, food and 
organisms by gravity, waves and currents; chemical processes, such as concentration and 
exchanges of gases and minerals; and biological processes, such as nutrient transfer from one 
trophic level to another. Ecological processes are often the result of the interaction amongst 
the physical, chemical and biological components, for example nutrient cycling. Maintaining 
the integrity and productivity of marine ecosystems requires consideration of all such 
interactions.  

International efforts are currently focusing on the establishment of scientific criteria for 
identifying biologically and ecologically significant marine areas in need of protection in 
open ocean waters and deep sea habitats, as well as scientific guidance for selecting areas to 
establish representative network of marine protected areas. A set of scientific criteria and 
guidance were adopted by the ninth meeting of the COP to the CBD (decision IX/20, 
Annex I and II). The COP also took note of four initial steps to be considered in the 
development of representative networks of marine protected areas (decision IX/20, Annex 
III). The COP urged States and relevant organizations to apply, as appropriate, the scientific 
criteria, the scientific guidance, and initial steps, to identify ecologically or biologically 
significant and/or vulnerable marine areas in need of protection, and recognized that these 
criteria may be applied within national jurisdiction, having been adapted to national 
circumstances, as appropriate413 (Annexes I-III of decision IX/20 are reproduced in Annex I 
to this Module). 

 
412  See also the Training Manual on the Development, Implementation and Management of  Marine Protected Areas, DOALOS, 

United Nations, 2007, developed by DOALOS as part of  the Train-Sea-Coast Programme. 

413  Report of  the Conference of  the Parties to the Convention on Biological Diversity on the Work of  its Ninth 
Meeting, Marine and coastal biodiversity, UNEP/CBD/COP/9/29, Annex I, Decision IX/20.  
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Socio-economic considerations. Such considerations are an essential element to be 
taken into account in the process of implementing area-based management tools. Major 
users and stakeholders, their activities, and the impacts of such activities in areas under 
consideration need to be identified through a stakeholder analysis, which should be aimed at: 
better understanding the complexity of the ecosystem; understanding the human influence 
on the ecosystem and its management; examining the compatibility and/or (potential) 
conflicts of multiple use objectives; identifying, predicting and resolving areas of conflict; 
and discovering existing patterns of interaction.   

7.2.2  Management plans 

Implementing area-based management tools requires careful planning and management. The 
implementation of  such tools demonstrates that successful management plans need to be 
carried out systematically using a holistic, interdisciplinary approach and with the support of  
relevant stakeholders. 

The elaboration of a management plan includes several steps.  Once it is established that 
an area needs specific protective measures, the most suitable area-based management tool or 
tools need to be identified. For example, if the area is affected by more than one activity, 
available tools that address cumulative impacts, such as MPAs, should be considered. 
Relevant issues, including environmental, social and institutional issues, and their 
implications for the management plan, need to be identified and assessed, in consultation 
with all interested stakeholders. It is also necessary to conduct scientific research to address 
selected management goals, document baseline conditions, conduct a public education 
programme, and identify the institutional framework by which the management plan will be 
implemented and create institutional capacity for its implementation. Testing 
implementation strategies at a pilot scale is also beneficial.    

The principle of adaptive management requires that implementation of the plan be kept 
flexible and strategies modified, as needed, by monitoring the efficacy of the plan. 
Compliance is a crucial aspect of the plan and should therefore be promoted.  

7.2.3  Compliance and enforcement mechanisms  

In order to achieve their objectives, area-based management tools need to be accompanied 

by effective compliance and enforcement mechanisms. To a certain extent, area-based 

management provides advantages for enforcement, owing to the specifically defined 

geographical area to which measures apply. For example, effective enforcement of  MPAs 

represents an essential component in order to achieve the goal of  protecting and preserving 
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marine biodiversity and productivity. However, the enforcement of  MPAs can be difficult 

and time consuming, even for highly-trained personnel. In this regard, the enforcement of  

MPAs can be more difficult than their land-based counterparts due to unseen boundaries, an 

unlimited number of  entry points, and incomplete information on the status of  marine 

resources. At sea, natural barriers to enforcement – such as placement of  an MPAs in 

remote or hard to access areas – play a big role and must be considered and accounted for in 

the enforcement plan.  

MPA enforcement can be relatively expensive, depending on the number of hours 

devoted to enforcement at sea and the types of technologies employed. For example, 

enforcement and surveillance activities accounted for one-third of the annual budget of the 

Great Barrier Reef Marine Park in Australia. On the other hand, some studies claim that 

MPAs can be easier to enforce than traditional fishery management measures, such as 

species-specific size limits and gear restrictions.  

7.2.4 Research, monitoring and assessment 

Research, monitoring and assessments are keys to the success of  area-based management. 

Monitoring allows, for example, adapting management measures in the face of  changing 

ecological, environmental and social circumstances.  

In this respect, UNCLOS provides for monitoring and environmental impact 

assessments (articles 204-206). In particular, States are required to monitor the risks or 

effects of pollution on the marine environment and publish reports of the results obtained, 

as well as to conduct assessments of and report on activities planned under their jurisdiction 

or control that may cause substantial pollution of or significant and harmful changes to the 

marine environment. Article 14 of the CBD requires its parties to introduce procedures for 

environmental impact assessments of projects that are likely to have significant adverse 

effects on biological diversity.  

At the regional level, the CCAMLR Ecosystem Monitoring Programme (CEMP) sites 

have been designated for the purposes of: detecting and recording significant changes in 

critical components of the marine ecosystem within the Convention Area, to serve as a basis 

for the conservation of Antarctic marine living resources; and of distinguishing between 

changes due to harvesting of commercial species and changes due to environmental 

variability, both physical and biological.  
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(e) The implementation of  ABMTs involve the identification of  areas; the 

establishment of  management plans; compliance and enforcement 

mechanisms; and research, monitoring and assessment. 

Questions for discussion 

(a) What area base management tools are being implemented in your country?  

(b) What criteria are being used in your country to identify sites for the 

implementation of  area based management tools? 

(c) What are the challenges relating to the identification of  sites; compliance and 

enforcement; and research, monitoring and assessment? 

Summary of key ideas 

(a) Among the tools that can be used to implement an ecosystem approach, 

area-based management tools are an important consideration.  

(b) Area-based management tools can have a wide variety of  management 

objectives, including the preservation of  important ecological or 

geomorphologic processes, conservation and management of  species, 

protection of  seascapes, cultural, archaeological or historic sites, recreation 

and public enjoyment, environmental monitoring and assessment, and 

scientific research. 

(c) The degrees of  protection that can be adopted in such areas range from 

areas of  strict protection, where uses are excluded entirely, to areas where 

multiple uses are allowed and regulated. 

(d) Area-based management tools include: “marine protected areas”; “specially 

protected areas”; “spatial and temporal closures” in the fisheries context; 

“special areas” and “particularly sensitive sea areas” in the shipping context; 

“sanctuaries”; and “reserves”. Other area-based management tools and 

approaches include: biosphere reserves; large marine ecosystems; and marine 

spatial planning. 
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8. Financing mechanisms 

At the basis of  a transition towards an ecosystem approach is the sustainability of  resources 

allocation to support its implementation. In particular, while there are hundreds of  

mechanisms for sustainable financing of  marine ecosystem programmes, there are four basic 

types of  methods for financing government programmes: taxes, grants, borrowing (bonds 

and loans), and user charges. Broad-based general taxes comprise the main source of  

government revenue. However, designating general tax revenues for marine ecosystem 

programmes raises at least two significant concerns. First, general tax revenues are the 

primary source of  funding for defense, transportation, education, and social services 

programmes. Earmarking general taxation funds for marine ecosystem programmes places 

the financial security of  those programmes in competition with other programmes upon 

which governments commonly place higher priority. In addition, earmarking these funds 

constrains policymakers’ ability to redirect these funds where they may be most needed at 

certain points in time. 

The second concern with using general tax revenue is that there is no relationship 

between the amount of taxes paid by individual taxpayers and the amount of ecological 

goods and services they have used or benefits received. Broad-based taxes (such as income, 

property, sales taxation) are appropriate means of financing public goods. Public goods and 

services, such as national security or elementary and secondary education, are financed with 

broad-based taxation because the benefits are widespread, and excluding non-payers from 

access to its benefits would be nearly impossible. 

Since many government-provided goods and services are not pure public goods, and 

perhaps because of a widespread sentiment to reduce the taxpayers’ burden, there is 

movement away from broad-based taxation towards user charges (also known as fees and 

selective taxes). An important advantage of user charges is that this form of generating 

revenue is capable of balancing what people pay with the benefits they receive. From an 

economic perspective, user charges allocate scarce resources and distribute costs. When the 

correlation between benefit and charge is strong, user charges become prices, which help to 

mitigate the harm that markets do to ecosystems. 

Grants from the World Bank and the GEF have also provided core funding for 

programmes to conserve and manage marine ecosystems. Since 1993, GEF has provided 

over $260 million and mobilized $450 million in additional funding to improve the 
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assessment and management of large marine ecosystems across 121 countries participating in 

GEF projects (Duda and Sherman 2002). However, GEF funding, although large by some 

standards, is limited and will not continue indefinitely into the future. A long-term 

sustainable financing plan is therefore needed to ensure that work will carry on beyond the 

period of the GEF funding and other grant financing. 

Currently the GEF International Waters Focal Area, which addresses marine and costal 

issues, focuses on four global concerns under four Strategic Programmes, as follows: 

depletion of coastal and marine fish stocks and associated biological diversity; nutrient over-

enrichment and oxygen depletion from land-based pollution of coastal waters in Large 

Marine Ecosystems; overuse and conflicting uses of water resources in surface and 

groundwater basins that are transboundary in nature; pollution from persistent toxic 

substances (PTS) and complex problems in areas of melting ice in high-altitude basins and 

polar systems that include contamination from PTS. 

Other major sources for grants and loans include arms of the United Nations, such as 

the UN Development Programme, UN Environment Programme, UN Industrial 

Development Organization, the FAO, and the IMO, among other sources. 

Bilateral and multilateral grants, technical assistance and capacity building are supported 

by many countries, including Australia, Canada, Denmark, the United States, and 

Switzerland, among many others. For example, the National Oceans Office in Australia 

supports ecosystem management, and European large marine ecosystems receive support 

from the European Environmental Agency. The US Agency for International Development 

has traditionally supported marine resource management programmes throughout much of 

the world. 

Loans from the World Bank and regional international lending facilities (InterAmerican 

Development Bank, Asia Development Bank, Africa Development Bank, European 

Development Bank) support country-initiated priority development projects, including 

marine-related projects. Increasingly, the scope of projects funded by these lending facilities 

has been broadened to consider the environmental and social effects of proposed projects. 

As noted, user charges are fees paid by individuals to government on the basis of the 

benefits received or the amount of goods or services used, as provided by the government. 
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There are at least four types of user charges: user fees, regulatory fees, beneficiary-based 

taxes, and liability-based taxes. 

User fees include royalties on the use of natural resources, bridge and highway tolls, lease 

and rental payments, and charges for recurring sales of resources (e.g., timber, minerals, 

water). Regulatory fees include charges for inspecting and testing services, patent and 

copyright fees, permit and license fees associated with regulatory programmes, judicial 

services, passport and customs services. Other examples include fees that households and 

businesses pay for the costs of providing water and waste water services, electricity, etc. 

Some specific examples include fees for access and connection to public utilities (e.g., sewage 

lines), construction of environmental facilities (e.g., underground storage tanks), operating 

franchises and businesses on public property, monitoring and inspection services, recreational 

uses (e.g., moorings), permitting services, product registration, solid waste disposal, and water 

withdrawal. Examples of special charges include effluent and emission charges, impact fees, 

severance tax (a charge for the extraction of a natural resource on public lands, such as timber, 

water, fish, coal, oil and gas, minerals), and for hazardous waste disposal. 

Beneficiary-based taxes (sometimes referred to as earmarked taxes) are correlated with, 

but not tied to, the use of a government-provided good or service. For example, taxes on 

gasoline in the U.S. are dedicated to a highway trust fund for financing highway construction 

and other transportation projects. In comparison, liability-based taxes are charges for the 

purpose of abating hazards (e.g., oil spills) or compensating for environmental and other 

damages imposed on third parties. Other examples include selective taxes on sales of energy, 

petroleum products, agricultural chemicals (fertilizer, pesticides), motor fuels, vehicles, rental 

cars, marine fuels, watercraft, hotels, real estate transfers, and hard-to-dispose items.414  

8.1 Selecting among financing options 

As mentioned above, financing provides the means to carry out governance activities, and 

has the potential to tame markets and improve the delivery of  government policies and 

programmes. There are numerous examples of  sustainable financing mechanisms 

operational in the field415 (see Box 41). 

 
414  An excellent discussion of  some of  the more common financing mechanisms can be found in B. Spergel and  

M. Moye, supra note 330. Table 5 in S.B. Olsen, et al., supra note 307, lists many of  the funding methods, and also presents 
a few actual examples of  how these financing mechanisms are being applied to tourism, energy and mining, fisheries, real 
estate, and other human use activities. 

415  S.B. Olsen, et al., ibid. 
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Box 41: Case studies of sustainable financing  

         for marine ecosystem governance 

User Fees: Scuba Diving in Mabini, Batangas, Philippines: The Center for Conservation 
Finance and WWF-Philippines helped to establish a dive fee system in Mabini, Batangas, 
the Philippines, a popular site for scuba diving. The fee revenue collected is directly 
allocated to coastal resource management activities. Management focuses on combating 
the pollution and unregulated exploitation that threaten the municipal waters. There are 
three types of fees: a Diver's Daily Pass (P50), an Annual Diver's Pass (P1000), and an 
Annual Dive Professional Pass (P700). Divers may either pay for the pass on their hotel 
bill, or when they register at the municipal tourism office. Divers with no pass are subject 
to fines and confiscation of gear, redeemable after paying the fine. Boatmen who ferry 
divers without passes also may also be fined. A Coastal Resource Management Board 
ensures that fees collected are applied to funding conservation, protection, and 
management of Mabini municipal waters. The Board is composed of representatives from 
the local government, NGOs, and recreational diving associations, thus engaging the 
various stakeholders of the region. Activities supported through the Board include 
implementation of marine sanctuary policies, waste management programmes, and 
enforcement patrol. 

See http://worldwildlife.org/conservationfinance/projects/scuba.cfm.  

Trust Fund: Mesoamerican Reef: Conservation trust funds in Belize, Guatemala, 
Honduras, and Mexico are being used to protect the Mesoamerican Reef. The World Bank, 
the GEF, the WWF and the IUCN, worked with the governments of Mexico, Belize, 
Guatemala, and Honduras to establish conservation priorities at both regional and national 
levels. One outcome has been that the four countries bordering the Mesoamerican Reef 
now realize that the tourism and fisheries – two major sectors of their national economies 
– depend directly on the health of the reef’s ecosystem. As one of the first conservation 
trust funds to be implemented on an ecoregional, transnational scale, it provides a model 
for similar transboundary and ecoregional projects elsewhere. 

See http://worldwildlife.org/conservationfinance/projects/mesoamerican.cfm. 

Oil spill revolving fund in the Straits of Malacca: A group of Japanese marine 
insurance companies established a revolving fund for emergency response and cleanup of 
oil spills in the Straits of Malacca. The fund pays for emergency actions to control and 
remove spilled oil; and companies responsible for the spills reimburse the fund for the 
expenses incurred.  

Namibia: The government of Namibia levies a tax on commercial landings of fish, and the 
revenue collected is placed into a Fisheries Management and Research Fund, which is used 
to support stock assessments and enforcement of no-take marine protected areas  

B. Spergel and M. Moye, supra note 330. 
 

Taming markets, improving government performance, and practicability are important 
considerations when designing sustainable financing plans for marine ecosystem projects. In 
addition, there are other criteria that are relevant for weighing the potential success of 
financing approaches. For instance, excessive transaction costs to study, implement, and 
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enforce compliance with a resource management programme will cause the programme to 
fail. Hence, designing financing methods requires anticipation of transaction costs and 
tailoring methods to the seriousness of the issues faced. As described below, criteria that can 
be important in assessing financing options include efficient resource use, cost effectiveness, 
transaction costs, political feasibility, and fairness. 

Financing will be easier to justify if the benefits of proposed ecosystem approaches 
clearly exceed their costs (‘economic efficiency’). The public will be ill served – and few 
programmes are sustainable – if costs systematically outweigh benefits. The public interest 
will also not be served by blatantly excessive costs imposed on operators, driving them out 
of business. Similarly, failure to use a cost-effectiveness standard, for example, for 
restoration of coastal wetlands or to treat water pollution, will mean costs that are higher 
than necessary. This reduces what can be accomplished with a given budget. Perceptions of 
wasteful use of resources will also erode public support for governance. 

High transactions costs also undermine the potential for success, and thus curtail or 
eliminate potential gains. For example, simplified approaches for assessing damages from oil 
spills or other marine pollution can provide a quick and inexpensive way to assess damages 
for small incidents. Generally speaking, making programmes too costly or too inconvenient 
is a formula for failure. 

Fees and charges also provide environmentally friendly incentives and can be used to 
raise funds for governance programmes. At the same time, imposing fees and penalties is 
rarely popular, individuals and users subject to regulations may not comply, and proposed 
actions for financing which lack broad public support will not be implemented or successful. 
Hence, feasibility also is a major concern when weighing financing options. 

Likewise, fairness encourages support for financing and compliance with programmes. 
As explained above, compliance is encouraged when affected parties feel they have a say in 
new programmes, and the costs of programmes are distributed in a way considered to be 
equitable by those most affected by the policy. 

It is noted that the above criteria are interdependent. For example, an onerous user fee 
system, or a programme which is too complicated, likely will not be feasible to implement or 
maintain. Similarly, a system of transferable quotas for fisheries management or for nutrient 
pollution control could capture considerable economic rents for public uses through the 
auctioning of quotas or permits. However, a transferable quota or permit system may not be 
feasible, unless at least some permits are given to those currently in the industry 
(‘grandfathering’), with the balance of permits auctioned and awarded to the highest bidders. 
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(d) User fees include royalties on the use of  natural resources, bridge and 
highway tolls, lease and rental payments, and charges for recurring sales of  
resources (e.g., timber, minerals, water). 

(e) Criteria that can be important in assessing financing options include efficient 
resource use, cost effectiveness, transaction costs, feasibility, and fairness. 

Questions for discussion 

(a) If  new sustainable financing arrangements are needed in your marine 
ecosystem(s), which would you recommend? Why? 

 (b) How would you encourage the financing of  conservation and management 
programmes in your marine ecosystem(s)? What measures can be taken to 
finance conservation and management programmes in your marine 
ecosystem? 

Summary of key ideas 

(a) There are four basic types of  methods for financing government 
programmes: taxes, user charges and borrowing (bonds and loans), and 
grants. 

(b) User charges are fees that individuals pay to government based on the 
benefits received or the amount used of  the good or service provided by the 
government. 

(c) There are at least four types of  user charges: user fees, regulatory fees, 
beneficiary-based taxes, and liability-based taxes. 

 

9.  Challenges 

Ecosystem approaches have been criticized, and the application of  such approaches to 
marine ecosystems is not exempt from questions and doubts. Major challenges in the 
development and implementation of  an ecosystem approach include the following: 

(a)  The understanding of  marine ecosystems may be lacking and the scientific basis for 

an ecosystem approach may not be sufficient, which could lead to difficulties in the 

development and implementation of  an ecosystem approach.  

(b)  Where marine ecosystem boundaries and politically delimited maritime zones are 

not consistent, difficulties in effectively implementing an ecosystem approach may 

arise and bilateral and regional cooperation may be necessary. 
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(c)  An ecosystem approach may not resolve some existing problems of  ocean 
management, but it may also magnify their complexity. An ecosystem approach 
may cover larger geographical areas, involve more species, involve more political 
entities and more stakeholders and may, therefore, be more complicated to 
implement than less ambitious approaches. 

(d)  Almost every regional sea area is covered by a variety of  international agreements 
and programmes, and governed by different intergovernmental institutions at 
various levels. A large-scale ecosystem approach may result in overlap between 
existing marine management mechanisms, such as regional seas programmes and 
regional fishery bodies. Duplicative and competitive mandates among regional 
programmes and institutions may ultimately result in a waste of  management 
resources and inefficient ocean management.  

(e)  Some of  the most serious challenges to the implementation of  an ecosystem 
approach relate to socio-economic and institutional issues: a) involvement of  
stakeholders is central to the success of  an ecosystem approach, but tends to make 
the process longer and more complex; b) lack of  integration and communication 
between government departments and other stakeholder groups (horizontal 
integration) and between local managers and central government (vertical 
integration) also complicate the management process; and c) development interests 
tend to be disproportionately powerful relative to environmental interests.416  

Other issues in the development and implementation of an ecosystem approach may 
involve science, technology, socioeconomics, politics, law and other dimensions. Solutions 
to these problems are often multidimensional, as complex problems of an ecosystem 
approach will usually require concerted efforts of relevant sectors and parties at local, 
national, regional and global levels. In this respect, institutional challenges can hamper the 
implementation of an ecosystem approach, and changing government structures is often 
impractical. Accordingly, harmonization of policies, institutional mandates and laws to 
remove inconsistencies and obstacles to ecosystem approaches may be the most feasible 
solution. Other institutional solutions include establishing high-level inter-ministerial 
committees or working groups, or establishing an office responsible for developing and 
implementing an ecosystem approach that is answerable to the head of government. 
Intersectoral coordination is also important for overcoming institutional obstacles to the 
development and implementation of an ecosystem approach.417   

 
416  See UNEP/CBD/COP/8/26/ADD1, at www.cbd.int/doc/meetings/cop/cop-08/official/cop-08-26-add1-en.doc. 

417  Smith, R.D. and E. Maltby, Using the Ecosystem Approach to implement the CBD: A global synthesis report drawing lessons from 
three regional pathfinder workshops, paras. 118-120, is available from www.cbd.int/doc/case-studies/esys/cs-esys-cbd-en.pdf. 
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Spatial scale of management may extend across different biological units and 
jurisdictions to encompass an entire ecosystem.418 Where jurisdictional boundaries do not 
coincide with ecosystem boundaries, cooperation and coordination amount relevant States 
and organizations is particularly important, including interagency coordination. With regard 
to the insufficiency of understanding of marine ecosystems, strengthening scientific research 
and technical training is necessary, especially for developing countries, in addition to the 
exchange of information, knowledge, and transfer of technology. Cooperation and 
coordination is also important in areas beyond national jurisdiction. 

Social and economic considerations should also be integrated into ecosystem goals. The 
interaction between socio-economic development and the conservation and protection of 
ecosystems indicates that the eradication of poverty is an essential part of effective 
ecosystem approaches.  

The question of how to respond to challenges in the implementation of an ecosystem 
approach was addressed by ICP-7 in 2006. The meeting agreed in this respect that improved 
application of an ecosystem approach would require, inter alia: 

(a)  Capacity-building through technology, knowledge and skills transfer, particularly to 

developing countries, including small island developing States and coastal African 

States, as well as exchange of  information, data and lessons learned, and capacity-

building in support of  science, information management and exchange, 

monitoring, control and surveillance, assessment and reporting as well as through 

public outreach and education; 

(b)  A step-by-step approach including: identification of  ecologically based 

management areas; assessment of  ecosystem health; development of  indicators; 

identification of  the key environmental limits; monitoring, control, surveillance and 

reporting and adjustment of  management measures, as appropriate; 

(c)  Monitoring the state of  ecosystems supported by the use of  data collection 

systems, analysis, and modelling to inform future management approaches; 

(d)  Addressing activities and pressures that lead to adverse impacts on marine 

ecosystems, including land-based pollution, overfishing, illegal, unreported and 

unregulated fishing, by-catch of  threatened species, sea-based pollution, dumping, 

 
418  Global Environment Facility, supra note 7.       
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physical destruction and degradation of  habitats, and introduction of  invasive 

species; 

(e)  An iterative development of  an ecosystem approach with an emphasis on 

integrated management of  human uses of  the oceans, which could be achieved, 

inter alia, through the strengthening of  cooperation and collaboration among 

existing instruments, bodies and scientific research and advisory organizations; 

(f) Targeted action to address root causes of  activities that can undermine the 

conservation and integrity of  marine ecosystems; 

(g)  Filling critical knowledge gaps and addressing uncertainty; 

(h)  Developing, raising and sustaining public awareness and institutional and political 

will; 

(i)  Improved cooperation and collaboration among international organizations, 

including better linkages between regional fisheries management and marine-related 

organizations and by encouraging all States whose vessels participate in a fishery 

regulated by a regional fisheries management organization or arrangement to 

cooperate by becoming members of  such organization or participants in such 

arrangement, and, to this end, establishing mechanisms to promote non-member 

participation; 

(j)  Developing mechanisms to monitor and review ecosystem health and management 

effectiveness; 

(k) Dissemination of  information to the public on activities that negatively affect 

ecosystems and the ocean environment and their associated products; 

(l)  Improving, as appropriate, legal and policy frameworks to support and facilitate the 

application of  the precautionary approach and ecosystem approaches; and 

(m)  Compilation of  scientific and ecological criteria, inter alia, for the identification of  

marine protected areas.419  

 
419  A/61/156, Part A, para. 8.  
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Summary of key ideas 

(a)  The development of  an ecosystem approach involves a series of  issues of  

science, law and politics, and the implementation of  an ecosystem approach 

requires sound scientific understanding of  the marine ecosystem concerned. 

(b)  Challenges in the development and implementation of  an ecosystem 

approach include lack of  scientific understanding of  ecosystems, 

inconsistencies between ecosystem and political boundaries, diversification 

and complication of  existing management regimes, and various socio-

economic and institutional issues. 

(c)  Complex problems involving ecosystem approaches cannot be resolved 

without the concerted efforts of  relevant sectors and parties at local, 

national, regional and global levels. Many of  the challenges to 

implementation of  an ecosystem approach are political in nature and require 

political solutions. The successful application of  an ecosystem approach at 

the regional level largely depends on collective political will and the mutual 

cooperation of  the States concerned. 

(e)  In developing countries, strengthening scientific research and technical 

training and increasing exchange of  information, knowledge, and transfer of  

technology is necessary to improve implementation of  ecosystem 

approaches.  

Questions for discussion 

(a)  Describe some of  the socio-economic and institutional challenges to the 

development and implementation of  an ecosystem approach. 

(b)  How can implementation of  ecosystem approaches be improved in 

developing countries? 

(c)  What are the challenges to the implementation of  an ecosystem approach in 

your country or region? What are the possible solutions? 
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10.  Conclusion 

The fundamental goal or value of  an ecosystem approach is to maintain long-term 
sustainability of  natural resources and ecosystem services. Consistent with the principles of  
intergenerational equity and sustainability, these resources and services should be managed in 
a manner so as not to deny future generations the resources and opportunities enjoyed today. 
The major objectives of  an ecosystem approach are thus to conserve ecosystem structures 
and their functioning and key processes, minimize adverse impacts of  human activities on 
marine ecosystems and biodiversity, in particular rare and fragile marine ecosystems, and 
restore degraded marine ecosystems where possible. An ecosystem approach strives to 
balance diverse societal objectives, and seeks the appropriate balance between, and 
integration of, conservation and sustainable use of  marine biological diversity. 

As compared to traditional approaches, an ecosystem approach is integrated and holistic, 
and takes account of the components of an ecosystem, both physical and biological, of their 
interaction, and of the activities that could affect them. In this respect, humans are an 
integral component of ecosystems and therefore socio-economic considerations are an 
essential element of an ecosystem approach. An ecosystem approach is essentially an 
evolution of integrated coastal and ocean management, with a greater emphasis on 
ecosystem goals and objectives and their outcomes. Moving to an ecosystem approach 
should be considered an evolutionary step in integrated management and action, and not a 
break with the past, and an opportunity to build on existing institutions and resources.  

At the outset, developing and implementing an ecosystem approach involves action to 
ensure that the components of  an ecosystem, the phenomena and activities that affect it and 
relevant legislative and policy frameworks are coordinated in a systematic manner to address 
interactions and cumulative effects. It may be necessary to create new institutional 
frameworks and develop new policy and legislative instruments, and to improve coordination 
and collaboration among managers of  the various sectors involved. An analysis of  current 
governance can help to identify shortcomings in ocean management systems and identify 
gaps where needed governance functions are not being performed effectively, or at all.  

Participation of relevant stakeholders at all levels is important in the planning, 
implementation and management of  an ecosystem approach and in the shaping, execution, 
and evolution of  governance functions. Stakeholders need to understand the economic and 
social benefits of  an ecosystem approach and the need to preserve ecosystem functioning in 
order to maintain the supply of  natural resources and ecological services. The specific goals 
and objectives of  an ecosystem approach must also be clear and transparent and the order 
and priority of  objectives must be clearly acknowledged. Incorporation of  multiple 
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objectives and sectors into a management plan can help to reduce conflicts with single user 
groups. 

Planning and implementation of  an ecosystem approach should always be based on 
sound scientific understanding of  the ecosystems, particularly the ecosystem complexity and 
the interconnections between ecosystem components. Precaution is needed in planning and 
implementation because knowledge on ecosystems is incomplete. Maintenance of  the 
integrity of  an ecosystem requires that management measures cover a wide range of  
components and processes, including not only the targeted resources, but also habitats, 
communities and the related environment that support them. Since ecosystems are dynamic 
and each ecosystem has its own characteristics, the planning and implementation of  an 
ecosystem approach should be based on specific conditions of  the ecosystem concerned. 
Monitoring plays a critical role in assessing the status and trends of  an ecosystem, or key 
components of  the ecosystem, and evaluating the effectiveness of  management measures. 
The results of  periodic evaluations should be used to modify management plans or strategies 
and to accommodate changing social, economic, and ecological conditions. 

There are a number of challenges in the development and implementation of an 
ecosystem approach and concerted efforts are needed in this regard by relevant sectors and 
parties at local, national, regional and global levels. In particular, international cooperation is 
needed to foster joint scientific research, and exchange of information, knowledge and 
experience. In this context, attention should be given to capacity-building needs of 
developing States. There is also a need for financial planning in environmental and resource 
management programmes, including sustainable financing for marine ecosystem projects 
that involve multiple approaches to management, such as bilateral efforts to manage 
transboundary resources.  

Ecosystem approaches are being increasingly adopted worldwide, and progressively 
applied in coastal and marine management. Most countries have committed to adopt an 
ecosystem approach to the management of ocean-related activities, however, the development 
of ecosystem approaches, in general, requires broader application, and implementation is still 
limited in practice.420 Increased efforts will be needed by all State if the commitments set out in 
the Johannesburg Plan of Implementation of the World Summit on Sustainable Development 
are to be met. 

 
420  Royal Holloway Institute for Environmental Research, University of  London, Ecosystem Approach Survey, 2000,  

at www.rhul.ac.uk/home.aspx. 
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 Annex I 

Ninth Meeting of the Conference of the Parties  
to the Convention on Biological Diversity  

(UNEP/CBD/COP/9/29) 

 

Decision IX/20 

Annex I 

Scientific criteria for identifying ecologically or  
biologically significant marine areas in need of protection  

in open-ocean waters and deep-sea habitats 

Criteria Definition Rationale Examples 
Consideration in 

application 

Uniqueness or 
rarity 
 

Area contains either (i) 
unique (“the only one of its 
kind”), rare (occurs only in 
few locations) or endemic 
species, populations or 
communities, and/or (ii) 
unique, rare or distinct, 
habitats or ecosystems; 
and/or (iii) unique or 
unusual geomorphological 
or oceanographic features 

 Irreplaceable 
 Loss would mean the 

probable permanent 
disappearance of diversity 
or a feature, or reduction 
of the diversity at any 
level. 

Open ocean waters 
Sargasso Sea, Taylor column, 
persistent polynyas.  
 
Deep-sea habitats 
endemic communities around 
submerged atolls; 
hydrothermal vents; sea 
mounts; pseudo-abyssal 
depression 

 Risk of biased-view of the 
perceived uniqueness 
depending on the information 
availability 

 Scale dependency of features 
such that unique features at one 
scale may be typical at another, 
thus a global and regional 
perspective must be taken 

Special importance 
for life-history 
stages of species 
 

Areas that are required for 
a population to survive and 
thrive. 

Various biotic and abiotic 
conditions coupled with 
species-specific physiological 
constraints and preferences 
tend to make some parts of 
marine regions more suitable 
to particular life-stages and 
functions than other parts. 
 

Area containing: (i) breeding 
grounds, spawning areas, 
nursery areas, juvenile habitat 
or other areas important for life 
history stages of species; or (ii) 
habitats of migratory species 
(feeding, wintering or resting 
areas, breeding, moulting, 
migratory routes). 
 

 Connectivity between life-
history stages and linkages 
between areas: trophic 
interactions, physical transport, 
physical oceanography, life 
history of species  

 Sources for information 
include: e.g. remote sensing, 
satellite tracking, historical 
catch and by-catch data, vessel 
monitoring system (VMS) data. 

 Spatial and temporal 
distribution and/or aggregation 
of the species. 

Importance for 
threatened, 
endangered or 
declining species 
and/or habitats  
 

Area containing habitat for 
the survival and recovery of 
endangered, threatened, 
declining species or area 
with significant 
assemblages of such 
species. 

To ensure the restoration 
and recovery of such species 
and habitats. 

Areas critical for threatened, 
endangered or declining species 
and/or habitats, containing (i) 
breeding grounds, spawning 
areas, nursery areas, juvenile 
habitat or other areas 
important for life history stages 
of species; or (ii) habitats of 
migratory species (feeding, 
wintering or resting areas, 
breeding, moulting, migratory 
routes). 
 

 Includes species with very large 
geographic ranges. 

 In many cases recovery will 
require reestablishment of the 
species in areas of its historic 
range. 

 Sources for information 
include: e.g. remote sensing, 
satellite tracking, historical 
catch and by-catch data, vessel 
monitoring system (VMS) data. 

 

Vulnerability, 
fragility, sensitivity, 
or slow recovery 

Areas that contain a 
relatively high proportion 
of sensitive habitats, 
biotopes or species that are 
functionally fragile (highly 
susceptible to degradation 
or depletion by human 
activity or by natural 
events) or with slow 
recovery. 

The criteria indicate the 
degree of risk that will be 
incurred if human activities 
or natural events in the area 
or component cannot be 
managed effectively, or are 
pursued at an unsustainable 
rate. 

 Vulnerability of species  
 Inferred from the history of 

how species or populations 
in other similar areas 
responded to perturbations. 

 Species of low fecundity, 
slow growth, long time to 
sexual maturity, longevity 
(e.g. sharks, etc). 

 Interactions between 
vulnerability to human impacts 
and natural events  

 Existing definition emphasizes 
site specific ideas and requires 
consideration for highly mobile 
species 

 Criteria can be used both in its 
own right and in conjunction 
with other criteria. 
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Criteria Definition Rationale Examples 
Consideration in 

application 

 Species with structures 
providing biogenic habitats, 
such as deepwater corals, 
sponges and bryozoans; 
deep-water species.  

 Vulnerability of habitats 
 Ice-covered areas susceptible 

to ship-based pollution. 
 Ocean acidification can make 

deep-sea habitats more 
vulnerable to others, and 
increase susceptibility to 
human-induced changes. 

Biological 
productivity 

Area containing species, 
populations or 
communities with 
comparatively higher 
natural biological 
productivity. 
 

Important role in fuelling 
ecosystems and increasing 
the growth rates of 
organisms and their capacity 
for reproduction 

 Frontal areas  
 Upwellings 
 Hydrothermal vents  
 Seamounts polynyas 

 Can be measured as the rate of 
growth of marine organisms 
and their populations, either 
through the fixation of 
inorganic carbon by 
photosynthesis, 
chemosynthesis, or through the 
ingestion of prey, dissolved 
organic matter or particulate 
organic matter 

 Can be inferred from remote-
sensed products, e.g., ocean 
colour or process-based models 

 Time-series fisheries data can 
be used, but caution is required 

Biological diversity Area contains 
comparatively higher 
diversity of ecosystems, 
habitats, communities, or 
species, or has higher 
genetic diversity.  

Important for evolution and 
maintaining the resilience of 
marine species and 
ecosystems 

 Sea-mounts 
 Fronts and convergence 

zones 
 Cold coral communities 
 Deep-water sponge 

communities 

 Diversity needs to be seen in 
relation to the surrounding 
environment  

 Diversity indices are indifferent 
to species substitutions 

 Diversity indices are indifferent 
to which species may be 
contributing to the value of the 
index, and hence would not 
pick up areas important to 
species of special concern, such 
as endangered species 

 Can be inferred from habitat 
heterogeneity or diversity as a 
surrogate for species diversity 
in areas where biodiversity has 
not been sampled intensively. 

Naturalness Area with a comparatively 
higher degree of 
naturalness as a result of 
the lack of or low level of 
human-induced 
disturbance or 
degradation.  

 To protect areas with near 
natural structure, 
processes and functions 

 To maintain these areas as 
reference sites 

 To safeguard and enhance 
ecosystem resilience 

Most ecosystems and habitats 
have examples with varying 
levels of naturalness, and the 
intent is that the more natural 
examples should be selected. 

 Priority should be given to 
areas having a low level of 
disturbance relative to their 
surroundings  

 In areas where no natural areas 
remain, areas that have 
successfully recovered, 
including reestablishment of 
species should be considered. 

 Criteria can be used both in 
their own right and in 
conjunction with other criteria. 
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Decision IX/20 

Annex II 

Scientific guidance for selecting areas to establish a  
representative network of marine protected areas, including  

in open ocean waters and deep-sea habitats 

Required network 
properties and 

components 
Definition 

Applicable site specific considerations 
(inter alia) 

Ecologically and biologically 

significant areas 

Ecologically and biologically significant areas are 

geographically or oceanographically discrete areas that 

provide important services to one or more 

species/populations of an ecosystem or to the 

ecosystem as a whole, compared to other surrounding 

areas or areas of similar ecological characteristics, or 

otherwise meet the criteria as identified in annex I to 

decision IX/20.  

 Uniqueness or rarity 

 Special importance for life history stages of species 

 Importance for threatened, endangered or declining 

species and/or habitats  

 Vulnerability, fragility, sensitivity or slow recovery 

 Biological productivity 

 Biological diversity 

 Naturalness 

Representativity Representativity is captured in a network when it 

consists of areas representing the different 

biogeographical subdivisions of the global oceans and 

regional seas that reasonably reflect the full range of 

ecosystems, including the biotic and habitat diversity 

of those marine ecosystems.  

A full range of examples across a biogeographic habitat, or 

community classification; relative health of species and 

communities; relative intactness of habitat(s); naturalness 

Connectivity Connectivity in the design of a network allows for 

linkages whereby protected sites benefit from larval 

and/or species exchanges, and functional linkages from 

other network sites. In a connected network individual 

sites benefit one another.  

Currents; gyres; physical bottlenecks; migration routes; 

species dispersal; detritus; functional linkages. Isolated 

sites, such as isolated seamount communities, may also be 

included.  

Replicated ecological features Replication of ecological features means that more 

than one site shall contain examples of a given feature 

in the given biogeographic area. The term “features” 

means “species, habitats and ecological processes” that 

naturally occur in the given biogeographic area.  

Accounting for uncertainty, natural variation and the 

possibility of catastrophic events. Features that exhibit less 

natural variation or are precisely defined may require less 

replication than features that are inherently highly variable 

or are only very generally defined. 

Adequate and viable sites Adequate and viable sites indicate that all sites within a 

network should have size and protection sufficient to 

ensure the ecological viability and integrity of the 

feature(s) for which they were selected. 

Adequacy and viability will depend on size; shape; buffers; 

persistence of features; threats; surrounding environment 

(context); physical constraints; scale of features/processes; 

spillover/compactness. 
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Decision IX/20 

Annex III 

Four initial steps to be considered in the development of  
representative networks of marine protected areas: 

 

1.  Scientific identification of  an initial set of  ecologically or biologically significant areas. 

The criteria in annex I to decision IX/20 should be used, considering the best scientific 

information available, and applying the precautionary approach. This identification should focus 

on developing an initial set of  sites already recognized for their ecological values, with the 

understanding that other sites could be added as more information becomes available. 

2.  Develop/choose a biogeographic, habitat, and/or community classification system. This 

system should reflect the scale of  the application and address the key ecological features within 

the area. This step will entail a separation of  at least two realms–pelagic and benthic. 

3. Drawing upon steps 1 and 2 above, iteratively use qualitative and/or quantitative techniques to 

identify sites to include in a network. Their selection for consideration of  enhanced management 

should reflect their recognised ecological importance or vulnerability, and address the 

requirements of  ecological coherence through representativity, connectivity, and replication.  

4.  Assess the adequacy and viability of  the selected sites.  Consideration should be given to 

their size, shape, boundaries, buffering, and appropriateness of  the site-management regime. 
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