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Abstract.
The Ecosystem Approach (EcAp) is an ecological strategy for the integrated
management of land, water and living resources that promotes conservation and
sustainable use in an equitable way. Application of the ecosystem approach is
thought that will help to reach a balance of the objectives of the Convention of
Biological Diversity. The ecosystem approach has become from its inception the
guiding principle for integrated management to the Mediterranean Action Plan of
the United Nations Environment Programme (MAP/UNEP, called Barcelona
Convention), especially for policy implementations and all future conservation
developments with an ultimate objective of achieving the Good Environmental
Status (GES) of the Mediterranean Sea and Coast. The implementation focused on 11
ecological objectives, such as: maintain and enhance biodiversity, restriction of nonindigenous species, biologically safe limits of fish and shellfish, maintain marine food
webs, prevent eutrophication, safeguard sea-floor integrity, maintain hydrographic
conditions for coastal and marine ecosystems, preserve natural dynamics of coastal
areas and their ecosystems, restrict environmental pollution affecting marine
ecosystems and human health, measures for decreasing marine litter, reduce noise
from human activities. In general, the EcAp has the main goal to promote
conservation and sustainable development with basic ecological practices and
reduction of environmental pollution from anthropogenic activities in areas which
are fragile and contain sensitive ecological systems. The Mediterranean Sea is such
an intercontinental sea which has rocky reefs, seagrass meadows, and upwelling
areas with particularly important habitats that support enormous marine
biodiversity (particularly fish, crustaceans, and marine turtles). This review presents
successful management projects and initiative worldwide under the ecosystem
approach methodology for preserving and conserving vital living resources on Earth.
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Introduction: Integrated Management by the Ecosystem Approach
The Ecosystem Approach is a strategy for the integrated management of
land, water and living resources that promotes conservation and sustainable use in
an equitable way. In the past, mitigation of environmental pollution was dealing with
reduction of certain pollutants, new technological anti-pollution measures and
restrictions in the most important pollution sources. Scientists assessing the new
approach introduced new dimensions and more ecologically sounded objectives. In
addition, application of the ecosystem approach will help to reach a balance of the
three objectives of the Convention of Biological Diversity. These objectives are:
conservation of biological diversity, sustainable use of its components and
appropriate access to genetic resources and appropriate transfer of relevant
technologies which take into account all rights over those resources.1,2

Figure 1. The Convention of Biological Diversity is considered as a radical step to
conserve the rich diversity of plants, animals and ecosystems on Earth.
[http://www.aehe.es/call-for-papers-biodiversity-and-its-histories/]
The Convention of Biological Diversity (1992, Earth Summit in Rio de Janeiro,
Brazil) was a radical approach to conservation of living resources of the Earth’s
ecosystems. It was based on the application of appropriate scientific methodologies
focused on levels of biological organization which encompass the essential
processes, functions and interactions among organisms and their environment. It
recognizes that humans, with their cultural diversity, are an integral component of
ecosystems. The history of (EAM) of environmental resources started in Ecological
Approach Management 1995 when Vice President Gore's National Performance
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Review in USA called for agencies of the federal government to adopt a proactive
approach to ensuring a sustainable economy and environment through principles of
ecosystem management.3,4
The Task Force formed a Working Group which conducted case studies to
learn about ecosystem efforts to date, to identify barriers to implementing the
ecosystem approach, and to identify ways the U.S. federal government could assist
in overcoming these barriers. Currently, 21 federal agencies in the USA have
committed to the principles of ecosystem management. Also, numerous
international agencies and groups have adopted EAM strategies in their conservation
and management efforts. For example, the International Conservation Union (IUCN)
Commission on Ecosystem Management (CEM) was one of the first agencies to
articulate the notion of sustainable use of ecosystems. The IUCN’s CEM aims to
enhance understanding and to promote conservation and sustainable use in an
equitable way. The underlying principles advocated by CEM are to strive for
flexibility to address management issues in different social contexts. 5-7

Figure 2. The Ecosystem Approach combines Environmental Justice, Adaptive
management, Societal choice and Hollism for the integrated management of land,
water and living resources.
The dominant 10 components of EAM have been defined as:8-10
1.

2.

3.

Hierarchical Context: Biodiversity must be examined on multiple scales in
order to seek the connections between all levels (ecosystems, landscapes,
etc.).
Ecological Boundaries: First, the complexities of ecosystem boundaries
(including sub-ecoregions) must be defined based on current political,
ecological, and geographic boundaries.
Ecological Integrity: The usage of sound ecological models can facilitate our
understanding of ecological boundaries and an understanding of what
constitutes sound ecological integrity.
3

4.
5.
6.

7.
8.
9.

10.

Data Collection: Managers must identify research and information needs and
develop a data collection system that integrates data.
Monitoring: Results of management must be systematically monitored using
clear, operational goals.
Adaptive Management: Managers must decide on how to implement plans
and achieve long-term goals, including ways to implement management based
on lessons learned from previous action.
Cooperation: Interagency cooperation is essential in order to integrate
management
Organizational Change: EAM requires significant deviation from traditional
species-focused management.
Humans as Part of Nature: An EAM must identify the economic issues, human
benefits, incentives, and values that will affect the ecosystem and its
inhabitants.
Values: The ideals of stakeholders are an important consideration when
developing an EAM concludes that the main long-term implication of the 6
concept of EAM is a transformation of personal and social values towards a
more

Ecosystem Approach Management Goals
The basic goals of Ecosystem Approach for managing environmental
resources have been considered and analysed by many scientific papers and
practical experiences worldwide. Most conservation biologists of natural resource
management have accepted and identified 5 main goals of EAM: 2,11,12
1) Maintain viable populations of all native species in the natural ecosystems,
2) Represent in protected areas all native ecosystem types across their natural
range of variation,
3) Maintain evolutionary and ecological processes,
4) Maintain the evolutionary potential of species and ecosystems,
5) Accommodate human use and occupancy.
There is general agreement in the academic and popular literature that
maintaining ecosystem integrity should take precedence over any other
management goal. Additionally, an increasing number of papers on EAM do not
advocate that humans have any privileged ethical standing over this goal. The
literature notes the difficulty in implementing EAM on a practical level. The realworld constraints that must be overcome: is minimal knowledge of ecosystem
functions and ignorance of immediate human demands on the landscape. From the
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existing literature, it is clear that different people and groups ascribe to different
meanings of the term ecosystem management, depending on current management
approaches and the difficulties and costs of EAM implementation. The first general
approach focuses on the anthropocentric factors in ecosystem management aiming
to maximize the number of humans that can use a resource or ecosystem, subject to
environmental constraints. The second biocentric approach is one that promotes
sustainable human use while maintaining the ecological integrity of the ecosystem
and the third, an ecocentric approach, promoting sustainable human use while
managing at the eco-regional level.12,13

Convention of Biological Diversity and the Web of Life
At the 1992 Earth Summit in Rio de Janeiro (Brazil), world leaders agreed on a
comprehensive strategy for "sustainable development". Sustainability means
meeting human civilization needs (economic development) in moderation while
ensuring that we leave a healthy and viable world for future generations. The key
agreement adopted was the Convention on Biological Diversity (CBD) as a
commitment of the majority of world’s governments for maintaining the world's
ecological underpinnings as we go about the business of economic development.
The Convention established three main goals: the conservation of biological
diversity, the sustainable use of its components, and the fair and equitable sharing of
the benefits from the use of genetic resources.14
The 12 principles of the Convention of Biological Diversity are:
1.
2.
3.
4.

5.

The objectives of management of land, water and living resources are a
matter of societal choices.
Management should be decentralized to the lowest appropriate level.
Ecosystem managers should consider the effects (actual or potential) of their
activities on adjacent and other ecosystems.
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; c. Internalize costs and
benefits in the given ecosystem to the extent feasible
Conservation of ecosystem structure and functioning, in order to maintain
ecosystem services, should be a priority target of the ecosystem approach.
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6.
7.
8.

9.

10.
11.

12.

Ecosystem must be managed within the limits of their functioning.
The ecosystem approach should be undertaken at the appropriate spatial
and temporal scales.
Recognizing the varying temporal scales and lag-effects that characterize
ecosystem processes, objectives for ecosystem management should be set for
the long term.
Management must recognize the change is inevitable. Ecosystems change,
including species composition and population abundance. Management should
adapt to the changes.
The ecosystem approach should seek the appropriate balance between, and
integration of, conservation and use of biological diversity.
The ecosystem approach should consider all forms of relevant information,
including scientific and indigenous and local knowledge, innovations and
practices.
The ecosystem approach should involve all relevant sectors of society and
scientific disciplines.

Figure 3. The United Nations General Assembly at its 65th session declared the
period 2011-2020 to be the United Nations Decade of Biodiversity, with a view to
contributing to the implementation of the Strategic Plan for Biodiversity.
Biological diversity or biodiversity - is the term given to the variety of life on
Earth and the natural patterns it forms. The biodiversity we see today is the fruit of
billions of years of evolution, shaped by natural processes and, increasingly, by the
influence of humans. It forms the web of life of which we are an integral part and
upon which we so fully depend. This diversity is often understood in terms of the
wide variety of plants, animals and microorganisms. So far, about 1.75 million
species have been identified, mostly small creatures such as insects, plants, bacteria,
etc.. Scientists reckon that there are actually about 13 million species, though
estimates range from 3 to 100 million.
Biodiversity also includes genetic differences within each species - for
example, between varieties of crops and breeds of livestock. Chromosomes, genes,
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and DNA-the building blocks of life-determine the uniqueness of each individual and
each species. Yet another aspect of biodiversity is the variety of ecosystems such as
those that occur in deserts, forests, wetlands, mountains, lakes, rivers, and
agricultural landscapes. In each ecosystem, living creatures, including humans, form
a community, interacting with one another and with the air, water, and soil around
them.15

Figure 4. Biodiversity on planet Earth. According to studies there are 8.7 million
eukaryotic species on our planet Earth— give or take 1.3 million. The latest
biodiversity estimate, based on a new method of prediction, dramatically narrows
the range of 'best guesses', which was previously between 3 million and 100 million.
It means that a staggering 86% of land species and 91% of marine species remain
undiscovered (Nature, 24.8.2011, DOI:10.1038/news.2011.498).

The Convention of Biological Diversity Adopted Step by Step the
Ecosystem Approach
The parties of the Convention of Biological Diversity at their meetings
explored the ways of a suitable and workable scientific process for the primary
assessment and elaboration of ecosystems and implementation of environmental
actions under the Convention for conservation and protection of biodiversity from
environmental worldwide pollution threats. At its 2nd meeting (Jakarta, November
1995), the parties of the Convention of Biological Diversity adopted the Ecosystem
Approach (EcAp) as the primary framework for action under the Convention, and
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subsequently has referred to the ecosystem approach in the elaboration and
implementation of the various thematic and cross-cutting issues work programmes.
The thematic and cross-cutting issues concerned included:
a.

Biological diversity of inland water ecosystems,

b.

Marine and coastal biological diversity,

c.

Agricultural biological diversity,

d.

Forest biological diversity,

e.

Indicators of biological diversity and incentive measures and environmental
impact assessment:
In the 4th meeting (Bratislava, 1998) the parties acknowledge the need for a

workable description and further elaboration of the ecosystems approach.
Description and principles of the Ecosystem Approach were presented at its 5th
meeting (Nairobi, Kenya, 2000). In the 6th meeting (The Hague, Netherlands, 2002) a
report was drawn form case studies and experts compared the ecosystem approach
with sustainable forest management, and to developed refinement of principles and
operational guidance of the ecosystem approach. At the 7th meeting (Kuala Lumpur,
Malaysia, 2004) the convention parties agreed that the priority at this time should be
on facilitating the implementation of the ecosystem approach as the primary
framework for addressing the three objectives of the Convention in a balanced way,
and that a potential revision of the principles of the ecosystem approach should take
place only at a later stage, when the application of the ecosystem approach has been
more fully tested. Also requested an analysis of the range of existing tools and
approaches consistent with the Convention’s ecosystem approach, as well as the
development of a web-based “sourcebook” for the ecosystem approach.16

The Framework of Applying the Ecosystem Approach
The Ecosystem Approach has been established as a tool providing a
framework for implementing the objectives of the Convention on Biological
Diversity (CBD). The principles underlying the Ecosystem Approach are purposely
flexible to address management issues in varying social, economic and
8

environmental contexts. Implementing the ecosystem approach can be as simple as
including its principles in national and regional polices, planning processes and
sectoral plans. Smaller projects may be more conveniently adapted to the ecosystem
approach on local levels. The CBD website contains step by step guidance, from
problem identification through to management plan and project implementation.
The searchable component of the ecosystem approach sourcebook can be used to
find information on case studies and tools which have met some or all of ecosystem
approach principles. There is much to be learned from the experiences of others
when attempting to use the CBD ecosystem approach. Sharing lessons of successful
implementation at all appropriate levels can reap rewards and benefits far
outweighing the investment of time, money and manpower. Sustaining Earth’s finite
natural resources through the unified efforts of the international community is a
truly lofty goal, elevating mankind to a level of stewardship hardly believed
attainable by previous generations.17
An ecosystem approach is achieved through applying a set of key principles.
Various sets of principles have been defined, in particular the 12 principles of the
CBD. They can be boiled down to 3 aspects:
a) take account of how ecosystems work, for example how species interact through
competition and predation, how species move across landscapes, and how water
temperature affects fish species or nutrient levels the balance of plant species. This
implies a need to consider the broad scale as well as the local, the long term as well
as the immediate; recognising that change is inevitable; environmental limits – the
consequences of resource use and pollution for natural processes; using up-to-date
scientific information and applying adaptive management to deal with uncertainty.
b) take account of the services that ecosystems provide to people, including those
that underpin social and economic well-being, such as flood and climate regulation,
resources for food, fibre or fuel, or for recreation, culture and quality of life. For
example, the way that floods affects people’s homes depends on how the land is
used in the surrounding catchment. The carbon in Scotland’s soils, if released
through human activities, could affect the global climate. Everyone’s food resources
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depend on clean water and productive soils. Quality of life is enhanced by pleasant
surroundings to live and work in.
c) involve the participation of people – those who benefit from the ecosystem
services and those involved in managing them need to be engaged in decisions that
affect them, following principles of equity and environmental justice. Their
knowledge will often be critical to success. Public participation should go beyond
consultation and use tried and tested techniques to improve public involvement in
decision-making. Management of natural resources is often improved by
decentralising decision-making which creates greater ownership and responsibility. 18

The Ecosystem Approach Sourcebook. The Website
An informative website has been created in response to a request of the 7th
meeting of the Conference of the Parties of CBD as a tool to help practitioners
implement the ecosystem approach and share experiences. Once finalized, the
sourcebook will have several components: a case study database, information about
the ecosystem approach, and the various tools and techniques that can be used to
implement it. At the present time, the first version of the case study database is
operational. Other components of the sourcebook will be added shortly, so please
visit this website from time to time to check on new developments.
The CBD secretariat encourages researchers and people interested to test the
case study database, both by searching it and by submitting their own case studies.
In April 2017 the database contained 54 case studies with full details of the projects,
the research used and the main conclusions. The database can be searched by
biomes, sectors, issues, tools and approaches, and ecosystem approach principles
and operational guidance. The comments on the database are much appreciated,
and can be e-mailed to secretariat@cbd.int.
The search of the Ecosystem Approach Database is very easy and convenient
to appreciate the problems of ecosystem approach and the ecological
implementations for managing environmental resources. 19
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Implementation of the Ecosystem Approach for the Mediterranean
Action Plan
The Ecosystem Approach (EcAp) has become from its inception the guiding
principle for integrated management to the Mediterranean Action Plan of the United
Nations

Environment

Programme

(MAP/UNEP),

especially

for

policy

implementations and all developments which have been undertaken under the
auspices of UNEP/MAP Barcelona Convention.
The Convention for the Protection of the Mediterranean Sea Against
Pollution (Barcelona Convention, held in Barcelona, Spain) was adopted on 16
February 1976 by the Conference of Plenipotentiaries of the Coastal States of the
Mediterranean Region focusing on the Protection of the Mediterranean Sea, in
conjunction with two Protocols addressing the prevention of pollution by dumping
from ships and aircrafts and cooperation in combating pollution in cases of
emergency.20,21
The Ecosystem Approach (EcAp) for the Mediterranean Action Plan has an
ultimate objective of achieving the Good Environmental Status (GES) of the
Mediterranean Sea and Coastal areas of Mediterranean countries. Mainstreaming
EcAp into the work of UNEP/MAP Barcelona Convention and achieving the GES of
the Mediterranean Sea and Coast through the EcAp process have been supported by
several European Union funded projects. The implementation of the Ecosystem
Approach (Decision IG.17/6) to the management of human activities that may affect
the Mediterranean marine and coastal environment by the Contracting Parties
(Barcelona Convention) is a very difficult plan that will take many years to give
practical results. The final goal will be real changes and environmental protection in
the Mediterranean marine and coastal areas. It consists of several integrated
management steps, such as the definition of vision and goals, development of
ecological objectives, operational objectives and respective indicators, the
development of GES descriptors and targets, monitoring programmes, and finally the
necessary management measures and programmes to achieve GES. 22
In the past, ecological modelling tools were applied worldwide to support the
ecosystem-based approach of marine resources (EAM). Numerous applications of
11

the same modelling were attempted for the Mediterranean Sea, mainly using the
Ecopath with Ecosim (EwE) tool. These models were used to analyse a variety of
complex environmental problems. Many applications analysed the ecosystem
impacts of fishing and assessed management options. Other studies dealt with the
accumulation of pollution through the food web, the impact of aquaculture or the
ecosystem effects of climate change. They contributed to the scientific aspects of an
ecosystem-based approach in the Mediterranean region because they integrated
human activities within an ecosystem context and evaluated their impact on the
marine food web, including environmental factors. These studies also gathered a
significant amount of information at an ecosystem level. A review in 2012 used this
information to quantify structural and functional traits of Mediterranean marine
ecosystems at regional scales as the illustration of further potentialities of EwE for
the marine resources of the Mediterranean.23
The whole plan progressed into the implementation of MAP ecosystem
approach roadmap (Decision IG.20/4): under the title “Mediterranean Ecological and
Operational Objectives, Indicators and Timetable”. The implementation applied to
11 ecological objectives, operational objectives and indicators for the Mediterranean
Sea and Coastal areas. All these ecological objectives are practically difficult to
establish without the long-term cooperation and national actions of the
Mediterranean countries. These plans need ecological and environmental toxicology
expertise, rigorous monitoring programmes, adequate funding and frequent
exchange of information among Mediterranean countries. 24,25
1.
2.
3.
4.
5.
6.
7.
8.

Biodiversity in the Mediterranean Sea is maintained or enhanced.
Non-indigenous species do not adversely alter the ecosystem.
Populations of commercially exploited fish and shellfish are within biologically
safe limits.
Alterations to components of marine food webs do not have long-term
adverse effects.
Human-induced eutrophication is prevented.
Sea-floor integrity is maintained.
Alteration of hydrographic conditions does not adversely affect coastal and
marine ecosystems.
The natural dynamics of coastal areas are maintained and coastal ecosystems
and landscapes are preserved.
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9.

Contaminants cause no significant impact on coastal ad marine ecosystems
and human health.
10. Marine and coastal litter does not adversely affect coastal and marine
ecosystems.
11. Noise from human activities cause no significant on marine and coastal
ecosystems.
The same decision also mandated the Secretariat to prepare an Integrated
Monitoring and Assessment Programme (IMAP), to determine GES and targets and
to prepare an in-depth socio-economic analysis of human activities impacting, or
benefitting from the quality and ecological health of coastal and marine ecosystems.
Finally, it asked to integrate EcAp in the overall work of UNEP/MAP Barcelona
Convention and mandated the Secretariat to establish an EcAp governance
framework.

Figure 5. The Convention for the Protection of the Mediterranean Sea Against
Pollution (Barcelona Convention, Barcelona, Spain) was adopted in 1976 by the
Conference of the Coastal States of the Mediterranean Sea. The Ecosystem Approach
for the Mediterranean Action Plan (MAP) has focused on achieving the Good
Environmental Status of the Mediterranean Sea and Coastal areas.
Ecological considerations of ecosystem approach were approved in following
meetings. Decision IG.21/3. On the Ecosystems Approach including adopting
definitions of Good Environmental Status (GES) and targets decision expresses the
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agreement on regionally common targets, and an integrated list of Mediterranean
Good Environmental Status (GES), and indicators. The same decision has also
welcomed the work done on the socio-economic assessment, endorsed the EcAp
governance framework with the key governing role of the EcAp Coordination Group,
and reiterated the importance of EcAp as the guiding principle for the work of
UNEP/MAP Barcelona Convention. Most recently, the 19th Meeting of Contracting
Parties (COP 19) agreed on the Integrated Monitoring and Assessment Programme
(IMAP) in its Decision IG. 22/7 on a specific list of good environmental status
common indicators and targets and principles of an integrated Mediterranean
Monitoring and Assessment Programme, next to a clear timeline and deliveries for
the implementation of this Programme. IMAP, through Decision IG.22/7 lays down
the principles for an integrated monitoring, which will, for the first time, monitor
biodiversity and non-indigenous species, pollution and marine litter, coast and
hydrography in an integrated manner. The IMAP aims at facilitating the
implementation of article 12 of the Barcelona Convention and several monitoring
related provisions under different protocols with the main objective to assess GES.
Its backbone are the 27 common indicators as presented in Decision IG 22/7:
Integrated Monitoring and Assessment Programme of the Mediterranean Sea and
Coast and Related Assessment Criteria.
IMAP is aiming to deliver its objectives over 2016-2021. However, it is
introduced first in an initial phase, during which the existing national monitoring and
assessment programmes will be integrated, in line with the IMAP structure and
principles and based on the agreed common indicators. This implies in practice that
the existing national monitoring and assessment programmes will be reviewed and
revised as appropriate. The main outputs during the initial phase of IMAP will also
include further update of Good Environmental Status (GES) definitions, refinement
of assessment criteria and development of national level integrated monitoring and
assessment programmes. Furthermore, the Quality Status Report in 2017 will build
on the structure, objectives and data collected under IMAP. The IMAP will be
reviewed once at the end of every six year cycle, based on lessons learnt of its
implementation and on new scientific and policy developments.26
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Marine Strategy Framework and Ecosystem Approach Management
The European Marine Strategy Framework Directive (MSFD; Directive
2008/56/EC) has adopted ecosystem-based management (EBM) as a central part of
its objectives. The Directive wants to apply an ecosystem-based approach to the
management of human activities in order to reach a good environmental status
(GES) by 2020 for the European marine strategy. A cornerstone of the MSFD is the
interpretation of the 11 descriptors (MSFD Annex I). Some of these descriptors can
be said to represent the most important ecosystem features of concern.27
D1 – Biological diversity,
D2 – Non-indigenous species (NIS),
D3 – Commercial fish and shellfish,
D4 – Food webs,
D6 – Sea floor integrity,
D7 – Hydrological conditions
either in terms of favourable or threatened features, forming different sectors of the
ecosystem-based approach. Another part of the descriptors represents human
drivers, pressures on the ecosystems and their resulting alterations
D3 – Fishery,
D5 – Eutrophication,
D8 – Contaminants,
D10 – Litter,
D11 – Energy and noise.
The descriptors are further detailed in the EU Commission Decision
2010/477/EU,28 subdividing them into overall 29 criteria and 56 associated
‘indicators’ which more specifically determine which attributes of the ecosystem
features should be considered for the assessment of the environmental status. This
approach of compiling long lists of ‘indicators’ is a recent trend in environmental
policy that also can be observed in e.g. the European environmental assessment of
the European Environmental Agency (EEA) and in indicators mapping human impacts
on the oceans.29
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Figure 6. The Marine Strategy Framework Directive set out a list of 11 descriptors of
environmental status for which good status must be achieved by 2020. It has
adopted ecosystem-based management (EBM) as a central part of its objectives.
[http://msfd.eu/site/good-environmental-status/].
Researchers reviewing the associated operational indicators of MSFD found
ambiguity in the use of terms of indicators and considerable overlap of indicators
assigned to various descriptors and criteria. They suggested a rearrangement and
elimination of redundant criteria to avoid double counting. Also, they suggested the
precautionary principle should be followed for the management of pressures and an
evidence-based approach for monitoring state as well as reaching and maintaining
good environmental status. They concluded that the 11 descriptors of the MSFD form
the different sectors of the ecosystem approach as seen and constitute the conceptual basis
on which to specify real objectives and to measure the end points of the objectives. 30

The overall objective of the Ecosystem Approach [(EcAp-MED II project---EcApMED II 2015-2018)

with full title: Mediterranean implementation of the ecosystem

approach, in coherence with the EU MSFD] is to support the UNEP/MAP Barcelona
Convention and its Southern Mediterranean Contracting Parties to implement the
EcAp in synergy and coherence with the implementation of the European Union (EU)
Marine Strategy Framework Directive (MSFD). The eligible countries for the project
are Algeria, Egypt, Israel, Lebanon, Libya, Morocco and Tunisia, with all the other
Contracting Parties (CPs) invited to participate at their own cost. The Protocol on
ICZM (Integrated Coastal Zone Management) in the Mediterranean , one of seven
Protocols of the Barcelona Convention, requires the implementation of the
16

ecosystem approach as a guiding principle for reaching sustainable coastal
development. In its Article 6, for example, it says that “the ecosystems approach to
coastal planning and management shall be applied so as to ensure the sustainable
development of coastal zones". The ICZM Protocol strongly encourages development
of national strategies, plans and programmes, as well as practical tools for the real
implementation of the ecosystem approach.31
Priority Actions Programme and Regional Activity Centre (PAP/RAC) were
established in 1977, as a key component of the Mediterranean Action Plan (MAP),
itself part of the United Nations Environment Programme (UNEP). Twenty one
Mediterranean countries as well as the European Union make up the MAP, and their
common objective is the creation of a healthier Mediterranean environment, resting
on the principle of sustainable development. PAP/RAC’s mission is to provide
assistance to Mediterranean countries - through methodology, guidelines, tools,
techniques and practical ICZM projects - in the implementation of the Barcelona
Convention, meeting their obligations under the ICZM Protocol and implement the
Mediterranean Strategy for Sustainable Development (MSSD, in 2005), and by
carrying out the tasks assigned to it in Article 32 of the ICZM Protocol (2008) which
was signed in Madrid (January 2008). On 24 March 2011, the Protocol entered into
force. On the occasion of the Conference of Parties (CoP 17), held in Paris in
February 2012, the Action Plan for the implementation of the Protocol 2012-2019
was adopted by the Contracting Parties to the Barcelona Convention. The Parties are
convinced that this Protocol represents a crucial step in the history of MAP. It will
allow the countries manage much more efficient their coastal zones, as well as to
deal with the emerging coastal environmental challenges, including in particular
climate change. PAP/RAC is also responsible for the coordination of CAMP – “Coastal
Area Management Programme”, which is oriented at implementation of practical
integrated management projects in selected Mediterranean coastal areas, applying
Integrated Coastal Zone Management.32
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The Framework of Ecosystem Approach to Fisheries
The EAF (Ecosystem Approach to Fisheries) framework has developed on the
founding principles and conceptual goals emerging from the decades-long process of
elaboration of the foundations for sustainable development, aiming at both human
and ecosystem well-being. Binding international instruments of great relevance to
EAF have been adopted during the past three decades: 1971 RAMSAR Convention on
Wetlands; 1973 CITES Convention on International Trade in Endangered
Species;1979 Bonn Convention on Migratory Species of Wild Animals; 1982 Law of
the Sea Convention; 1992 Convention on Biological Diversity; and in 1995 Fish Stocks
Agreement.
The process of formulating new international convention for the protection of
sea fisheries and sustainable goals of Earth’s resources is still ongoing. It must be
emphasized that the road to sustainable development was also paved by the
outcome of the 1972 Stockholm Conference on Human Development (Stockholm);
the 1987 World Conference on Environment and Development (Entitled “Our
Common Future”, also known as the Brundtland report, in Nairobi); the 1992 UN
Conference on Environment and Development (Rio de Janeiro); the 1995 Jakarta
Mandate; the 2001 Reykjavík Conference; and the 2002 World Summit on
Sustainable Development (Johannesburg).

Oxford University Press, Oxford, UK, 1987

Figure 7. The Report “Our Common Future” was a seminal report for multilateralism
and interdependence of nations in the search for a sustainable development path.
The report placed environmental issues firmly on the political agenda.
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The ocean fishing process became industrialized in the early 19th century when
English fishers started operating steam trawlers and soon rendered more effective
by power winches and diesel engines. After 1945 the industrialization of fishing was
regulated by freezer trawlers, radar and acoustic fish finders. Fisheries science
advanced after the two world wars had shown that strongly exploited fish
populations would recover most, if not all, of their previous abundance when
released from fishing. With global catches declining since the late 1980s,
continuation of present trends will lead to supply shortfall, for which aquaculture
cannot be expected to compensate. Reducing fishing capacity to appropriate levels
will require strong reductions of subsidies. Zoning the oceans into unfished marine
reserves and areas with limited levels of fishing effort would allow sustainable
fisheries, based on resources embedded in functional, diverse ecosystems. 33
All these environmental instruments provided intersecting, sometimes
contradictory, principles and conceptual goals. Most environmental instruments
were organized to provide a background for an integrated framework for fisheries, a
process of selection and reformulation which was matured in the 1995. The UN
organization Food and Agriculture Organization (FAO, Rome) has established a
reference framework “Code of Conduct for Responsible Fisheries” for sustainable
fisheries (adopted October 1995), addressing practically all the ecosystem
considerations, principles, and conceptual goals needed for an EAF. This Code is
voluntary. However, certain parts of it are based on relevant rules of international
law, including those reflected in the UN Convention on the Law of the Sea of 10
December 1982. The Code also contains provisions that may be or have already been
given binding effect by means of other obligatory legal instruments amongst the
Parties, such as the Agreement to Promote Compliance with International
Conservation and Management Measures by Fishing Vessels on the High Seas (1993).
The FAO International Plans of Action aiming at conservation and management of
sharks and a reduction of incidental catch of seabirds will contribute to the
implementation of an Ecosystem Approach to Fisheries (EAF).34,35
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Figure 8. The Ecosystem Approach to Fisheries (EAF) was adopted by the
international community as the appropriate approach to ensure sustainability of
Earth’s fisheries in an ecosystem context. [Figure by The HJORT CENTRE. For Marine
Ecosystem Dynamics. [http://www.hjortcentre.no/en/projects/hjort-centre/events/
miscellaneous/Ecosystem_research ].
The Ecosystem Approach to Fisheries (EAF) was adopted in 2003 to assist
implement the Code of Conduct for Responsible Fisheries (CCRF), the United Nations
Convention on the Law o the Sea (UNCLOS) and the Convention on Biological
Diversity (CBD). Despite the principles of EAF having now been outlined for 10 years,
the rate of adoption has been lower than desirable to achieve international
commitments.
Many fishery managers still perceive the goals of EAF as too difficult to
implement, but for most fisheries it can be relatively simple, especially with the tools
now available. Consequently, the FAO initiated development of an EAF Toolbox to
provide improved access to knowledge of the EAF process and tools suitable for its
implementation. This toolbox (www.fao.org/fishery/eaf-net) uses a web based,
expert system designed to help a wide variety of fishery stakeholders better
understand EAF and assist with the selection of the most appropriate set of tools for
their situation. Using the toolbox makes implementing EAF technically feasible for all
fisheries irrespective of their value or the level of resources and data, but
impediments

including

insufficient

institutional,

stakeholder

and

political

commitment may still affect its adoption in some locations. The FAO Ecosystem
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Approach to Fisheries (EAF) has been standardised into four main steps that are the
same for all fisheries. The methods to complete each of the four EAF steps vary
depending upon the fishery and the capacity of those involved. The web based,
expert system explains EAF at differing levels of complexity and helps select the best
set of methods. A total of sixty tools have been included with at least one easy tool
for each key activity in the EAF process. Implementing EAF is now feasible for all
fisheries including those with low financial, knowledge and technical capacities. 36

The Ecosystem Approach to Marine Environment Planning and
Management
The marine environment with its vital diversity of marine and estuarine
animals and plants is an integral part of the natural heritage of the Earth. The world’s
oceans cover 72% of the Earth’s surface, and comprise 95% of the global water
supply. Reasonably they are called the Earth’s lungs. Because the oceans produce
70% of its oxygen and 80% of its plant and animals life. The marine environment is
the most precious natural resource but also very fragile because of environmental
pressures and hazardous pollution inputs. The marine environment provides a wide
range of essential goods and services, including food, regulation of climate and
nutrient cycling, as well as a setting for transport, recreation and tourism. But the
marine environment is extremely complex and very sensitive to development
pressures and other forms of human influence and economic activities. Nearly 80%
of all marine pollution originates on land. But despite the scientific evidence, actions
protecting the marine environment were lacking. Policy makers began to understand
the importance of a healthy marine environment to the quality of life on land and
sought solutions to mitigate the harmful effects of land-based pollutants. The 1992
Earth Summit in Rio de Janeiro was a critical moment where political will began to
catch up with scientific vision. Nations committed to protect the marine
environment in general, and specifically to initiate a global effort to combat landbased sources of ocean pollution. The political support generated at the summit was
solidified in 1995 when over 100 nations and the European Commission adopted the
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voluntary Global Programme of Action for Protection for the Marine Environment
from Land-Based Activities (GPA).37
Planning and management of the sea are similarly complicated, reflecting
intricate legal, institutional and ownerships patterns. This creates a situation where
marine ecosystems are vulnerable to over-exploitation or neglect. The Ecosystem
Approach to Marine Planning and Management describes how growing concern
about the state of our seas is resulting in the development of new approaches to
marine planning and management.
The United Nations Environment Programme (UNEP) has called for the
widespread introduction of Marine Spatial Planning (MSP), and the European Union
has recently been consulting on a new European Maritime Policy designed to
stimulate economic growth but at the same time protect the resource base. During
the past 10 years, the evolution of Marine Spatial Planning and ocean zoning has
become a crucial step in making ecosystem-based, sea use management a reality.
The idea was initially stimulated by international and national interest in developing
marine protected areas, e.g., the Great Barrier Reef Marine Park. More recent
attention has been placed on managing the multiple use of marine space, especially
in areas where conflicts among users and the environment are already clear, e.g., in
the North Sea. Recent studies focused on the need to conserve nature, especially
ecologically and biologically sensitive areas, in the context of multi-use planning of
ocean space. Despite academic discussions and the fact that some countries already
have started implementation, the scope of MSP has not been clearly defined.38
A good example is the United Kingdom’s new laws to protect marine
resources (UK, England, Wales, Scotland and N. Ireland). The 2010 Marine Act draws
upon the experience of town and country planning and brings into being a new
system of MSP. A common feature of all these developments is an appreciation that
more integrated forms of planning and management are required for seas and new
arrangements must draw together understanding from natural science, social
science and many other perspectives. Adopting such a trans-disciplinary and holistic
(or 'ecosystems') approach, the responsible managers draw expertise of different
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scientific and conservation disciplines and promote a broader understanding of the
origins and practicalities of new approaches to marine planning and management.39
The Ecosystem Approach to the management of marine resources has been
the focus of several recent publications.40-42

Kidd S, Plater A, Frid C (Eds). The Ecosystem
Approach to Marine Planning and Management,
Earthscan Oceans Series, Routledge publication,
Taylor & Francis Group Ltd, Abington, Oxon, UK,
2011.

Figure 9. The effective marine planning and management follows the Ecosystem
Approach to protect the valuable marine resources. Northwest Atlantic Fisheries
Organization (NAFO) began the implementation of an ecosystem approach to
fisheries management in the years following the publication of the FAO Guidelines
on Deepsea Fisheries. In addition to the traditional stock assessment of commercial
fish species, NAFO also required advice regarding vulnerable species and habitats.
[ https://www.nafo.int/Science/Frameworks/Ecosystem-Approach ].
The Ecosystem Approach to the management of marine resources has been
the focus of several recent publications.40-42
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Studies for Integrated Biomarkers and Ecosystem Health Indices by
Ecosystem Approach
Biomarkers in living organisms have been proved scientific tools for
measurement of toxicological cellular and sub cellular responses after exposure to
chemical pollutants and biological toxins. Especially biomarkers in marine species
represent for decades a reliable field for environmental monitoring. Biomarkers are
very sensitive indicators of toxic exposure to pollutants, the extend of damaging
biological effects and ecological risk assessment studies of pollutants and
micropollutants on biota. Biomarkers have become an integral component of
environmental monitoring programmes of marine environments in several countries
as a supplement to the commonly used pollutant monitoring. There is a growing
awareness that focusing on chemical data alone of pollutant concentration in
environmental matrices (water and sediments) is not sufficient to reliably assess the
potential. Biomarkers with different degrees of specificity have been established and
classified into biomarkers of exposure, and biomarkers of effect. Biomarkers of
exposure offer an early signal of exposure to micropollutants and can provide
qualitative and quantitative estimates of exposure to various compounds.
Measurement of biomarker in bioindicator organisms offers great promises as a
valuable tool for environmental monitoring designed for surveillance, hazard
assessment, or documenting remediation in marine environments. 43-46
Biomarkers have been very useful in many studies of monitoring
environmental pollution by toxic substances in marine species. For example, the
detection of PAH metabolites in fish and crustaceans using fluorimetric analysis of
urine and bile has been successfully used for the rapid and easy detection of
exposure to PAHs. The determination of PAH metabolites or other pollutants in bile
can serve as an environmental tool for assessing exposure of various marine species
in polluted areas.47,48
The biomarker concept has been formulated with a set of critical biological
indices in ecological risk assessment studies. In order to cover the requirements of
the European Commission’s Water Framework Directive (WFD) for biological-effects
24

endpoints to classify the ecological health of aquatic ecosystems, scientists proposed
the Biomarker Response Index (BRI). The Integrated Biomarker Response (IBR) index
contains some crucial set of biomarkers and is used to display the responses
obtained from a battery of important biomarkers in ecological risk assessment
studie.49
There are many BRI studies, based on a suite of biomarkers at different levels
of biological response at the individual level, that provide an integrated relative
measure of the general health status of coastal invertebrates. Using the BRI, the
health of mussels (Mytilus edulis) from 10 estuaries classified by the Environment
Agency of England and Wales under the WFD was compared. Results indicated that
the BRI offers a potential measure of organism health that can be used in monitoring
under the WFD as an additional aid to reduce uncertainty in defining risk
classification and to provide better evidence of existing impact. 50
The mussel Mytilus galloprovincialis L. has been used extensively in the
coastal waters of the Mediterranean Sea for environmental risk assessment studies,
especially for heavy metals, municipal solid waste, PAHs, etc.51 An example. The
integrated approach of biomarkers and contaminant levels in mussels Mytilus
galloprovincialis L. was employed to assess chemical pollution in Greek coastal
waters (framework of the MYTIMED programme, INTERREG IIIb-MECOCC). The
biomarkers used were: Metallothioneins, Glutathione S-transferase, Catalase,
Acetylcholinesterase and RNA: DNA ratio. The mussels were caged at 14 sites in
Greek coastal areas with different types of environmental pollution. The study
applied the Integrated Biomarker Response (IBR) summarizing biomarker responses
and related oxidative stress levels for organochlorine compounds (PCBs, DDTs),
PAHs, and metals (Cu, Ni, Fe, Zn) measured in the mussel tissues. The IBR index
indicated increased environmental stress in coastal areas near big cities and areas
with industrial installations. Increased levels of organic pollutants and elevated metal
concentrations proved to cause oxidative stress to mussels. Results confirmed the
usefulness of integration of biological effects measurements and chemical analysis
for the assessment of chemical contamination in coastal waters. 52,53

25

Figure 10. The fish Liza aurata (Golden grey mullet) can be used for biomonitoring
of pollution in coastal waters, especially for biomarkers related to its kidney
antioxidant defences. The digestive glands of mussel Mytilus galloprovincialis,
which can be found in many coastal waters of the Mediterranean Sea, has been used
for biomonitoring studies of marine pollution in coastal waters.
The integrated biomarker approach was used in an environmental coastal
water monitoring study in Portugal. Scientists used as biomarkers the Liza aurata
kidney antioxidant defences (Golden grey mullet, a fish that is present in Eastern
Atlantic from Scotland to Cape Verde, in the Mediterranean and Black Sea). Five
critical sites were used for measurements of the influence of industrial pollution.
The biomonitoring focused on Liza aurata damage to kidney antioxidant defences.
The results showed that biomarkers can be very useful for assessing environmental
pollution levels in coastal waters. 54
A combination of physicochemical measurements and biological indices were
used in the Pagassitikos Gulf (shallow semi-enclosed bay, Greece) for the study of
nutrient dynamics and primary production of a semi-enclosed coastal ecosystem.
The Pagassitikos bay is influenced by industrial activities and agricultural pollution.
Field measurements (since 1975) of physical (temperature, salinity), chemical
(dissolved oxygen, nutrients) and biological (chlorophyll-a, phytoplankton,
zooplankton, benthnic fauna) parameters have produced a valuable data set. The
study used a complex ecosystem model has for the ecosystem dynamics and the
dominant processes underlying the functioning of the system. The results showed
seasonal variation of nutrients, primary producers and secondary production in the
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water column. Simulations of nutrients and chlorophyll-a were in good agreement
with the validation data.55
Another study of ecosystem health in the coasts of Thermaikos and
Strymonikos Gulf (in Northern Greece, 2004) used biomarkers in the digestive gland
of mussels Mytilus galloprovincialis. The values of biomarkers were integrated using
three ecosystem health indices: health status index (HIS) calculated by the expert
system, lysosomal response index (LRI) and integrated biomarker response (IBR).
[* Lysosomes are membrane bounded organelles in animal and plant cells that store
hydrolytic enzymes. Lysosomes contribute to biochemical dismantling and re-cycling.
They assist with degrading material taken in from outside the cell and life expired
components from within the cell]. The HIS was based on the integration of the
biomarker values, classifying the health status of mussels according to pollution
degree. The LRI combined two lysosomal responses (lysosomal membrane stability
and lysosomal structural changes) in a single index, which was associated with the
ecosystem contamination. The IBR was a useful tool for the visualization of biological
responses in marine environments. The results support the use of HIS and LRI as
powerful tools for the qualitative and quantitative evaluation of environmental
stress, while enhance the use of IBR as a constructive method for the qualitative
discrimination of polluted coastal sites. HIS and LRI revealed high stress conditions in
all sampling stations of Thermaikos Gulf.56
Another case study for the economic assessment of ecosystem functions
and/or services was by Greek environmentalists concerning the Kalloni costal area of
Lesvos (which is a Natura 2000 site). A conceptual framework was proposed, that
uses ecosystem function analysis, multi criteria evaluation and social research
methodologies, with the aim to enter the analysis of ecosystem function-based
planning and management approach. The framework consisted of five steps
providing the structure of a participative decision making process which is then
tested and ratified, by applying the discrete multi-criteria method NAIADE (*Novel
Approach to Imprecise Assessment and Decision Environments, is a discrete multicriteria method developed by G. Munda “Multicriteria evaluation in a fuzzy
environment”, Contributions to economics Series, Physica-Verlag, Heidelberg, 1995).
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The method’s evaluation matrix may include either crisp, stochastic or fuzzy
measurements of the performance of an alternative with respect to an evaluation
criterion. NAIADE approach uses conflict analysis procedures to be integrated with
the multi-criteria results). According to the researchers, a conflict analysis permitted
the better elaboration of the different views, outlining the coalitions formed in the
local community and shaping the way towards reaching a consensus for
environmental planning and decision making. 57
The marine farming sector and aquaculture in the Mediterranean Sea are
very important activities for the environmental protection of the coastal areas and
fisheries in this sensitive marine area. An integrated aquaculture methodology can
be used for an ecosystem approach and for an in-depth understanding of challenges
and opportunities of expansion. A technical publication used 3 reviews of selected
examples from other sea areas to transfer the examples of integrated aquaculture
methodology (INTAQ) in the case of the Mediterranean Sea. [* INTAQ it is used as a
tool for an ecosystem approach to the marine farming sector, Mediterranean Sea
2009, FAO, [http://agris.fao.org/agris-search/search.do?recordID=XF2006441613].
These practical examples can be used for the assessment of aquaculture expansion
in the Mediterranean area, taking into account the particular conditions.58,59

Ecological Modelling for Ecosystem Approach
Ecological modelling tools were applied worldwide to support the ecosystembased approach of marine resources (EAM). In the last decades, numerous
applications were attempted in the Mediterranean Sea, mainly using the Ecopath
with Ecosim (EwE) tool. These models were used to analyse a variety of complex
environmental problems. [*Ecopath software, serves to parametrize systems of
coupled difference and differential equations, which are used to depict changes in
biomasses and trophic interactions in time (Ecosim) and space (Ecospace). The
outcomes of these simulations can then be used to modify the initial
parametrization]. Scientific publications outline applications which analysed the
ecosystem impacts of fishing and assessed management options. Other studies dealt
with the accumulation of pollution through the food web, the impact of aquaculture
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or the ecosystem effects of climate change. They contributed to the scientific
aspects of an ecosystem-based approach in the region because they integrated
human activities within an ecosystem context and evaluated their impact on the
marine food web, including environmental factors. Also, these studies collected a
significant amount of information at an ecosystem level which has been useful for
future environmental projects. Results in these analyses highlighted differential
traits between Mediterranean ecosystem types, which illustrate the environmental
heterogeneity of the Mediterranean Sea and the importance of top predators, small
pelagic fish and the structural role of benthos and plankton organisms. The impact of
fishing was high and of a similar intensity in the western, central and eastern regions
and showed differences between ecosystem types.60
A top quality model of ecosystem approach has been applied to the
catchment areas of the Strymonas River (Strymon/Struma is a transboundary river
with a catchment of 18,078 km²). The Strymonas River catchment is shared mainly
between Bulgaria and Greece. The river feeds the artificial Lake Kerkini, a significant
wetland ecosystem, and further downstream it outflows to the Gulf of Strymonikos,
whose estuary ecosystem is very important for fisheries, biodiversity and tourism. 61

Figure 10. Strymonas River has a variety of aquatic vegetation and bushes. Poplar
trees, willow trees, acacias and plane trees are the most common. Many kinds of
fishes live in Strymonas, like carps, perches and eels. The fauna of the ecosystem is
complemented by a number of wild animals and birds that nest around the river.
Lake Kerkini is one of the most important wetlands in Europe.
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Also, Lake Kerkini is one of the most important wetlands in Europe with
about 300 bird species (among them, the Pelican and the Pygmy Cormorant are
threatened with extinction). The area has one of the most important cormorants’
and herons’ colonies. The study used the MIKE 11 modelling system (MIKE 11 is the
top quality river modelling covering more application areas than any other
river modelling package available). The MIKE 11-NAM was used for the simulation of
rainfall–runoff process in the Strymonas River catchment and MIKE 11-HD was used
to simulate the unsteady flow of the Strymonas River and to apply management
rules based on the water level of Lake Kerkini (1986-2006). Under the current water
level management practices (Scenario 1), the Strymonas River–Lake Kerkini system
has enough water to fulfill its Irrigation Water Requirements (IWR) in normal and
wet years while a slight deficit is appeared in dry years. Applying the ecosystem
approach (Scenario 2), the protection of the riparian forest (a forested or wooded
area of land adjacent to a body of water) of Lake Kerkini is achieved while in normal
and wet years the IWR are fulfilled and the deficit of the IWR is increased in dry
years.61
As the structure of ecosystems changes periodically following seasonal
changes of biotic and abiotic variables, a non homogeneous Markovian model is
developed to describe these changes. [*In probability theory, a Markov model is a
stochastic model used to model randomly changing systems where it is assumed that
future states depend only on the current state not on the events that occurred
before it]. The Thermaikos Gulf (North Greece) pollution was investigated with a
general description of non homogeneous Markovian models. In this study scientists
used various ecological processes, like flow analysis and energy cycling, succession,
population dynamics and diversity. The model described seasonal changes on
species richness and population density of zoobenthos of the Thermaikos Gulf under
different pollution states in winter and summer. Environmental data taken from the
above area were fitted in a non homogeneous Markovian model with cyclic
behaviour. The study found that species richness and population density is reduced
from winter to summer and the reduction seemed to be correlated with oxygen
depletion.62
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An ecosystem approach model was applied to the fisheries of the Ionian Sea.
Scientists used a mass-balance food web model that was developed for the Greek
Ionian Sea ecosystem, including 39 functional groups [*Functional groups are
defined as sets of species showing either similar responses to the environment or
similar effects on major ecosystem processes] and 6 fisheries at depths between 50
and 1100 m during the 1990s. The study area was among the most oligotrophic in
the Mediterranean Sea, having a complex food web structure, high numbers of
energy pathways, trophic levels and functional groups and high rates of matter
cycling, all of which are indicative of a mature system. To separate the effects of
discards and landings, analyses and indicators were estimated through two models
with the same parameterization: one included all catches and the other only
landings. The primary production required to sustain the fisheries was low, and
approximately half of it was used for sustaining by-catches and discards. Discards
have greater impacts than landings on the flows and energy necessary to support the
fisheries. Although fishing mortality by each gear type was moderate, the cumulative
fishing impact estimated from all gears combined exceeded safe limits, thus
enhancing the benefits of moving toward a multi-gear/multi-species approach to
fisheries. This study was a first step toward quantifying discards in a
multispecies/multigear system and considering the uncertainties in quantifying
discard quantities, especially for low trophic levels. 63

Conclusions
The Ecosystem Approach is an ecological strategy for the integrated
management of environmental resources, in particular land, water and the rich
biodiversity of living species in Earth ecosystems. The main goal is to promote
conservation and sustainable use in an equitable way. Application of the Ecosystem
Approach is thought that will help to reach a balance of the objectives of the
Convention of Biological Diversity. The Ecosystem Approach involves understanding
the interrelationship between different aspects of an ecosystem and progressive
changes of environmental resources. The Ecosystem Approach takes into account all
31

affected aspects of the ecosystem, and through modeling, monitoring and scientific
measurements tries to find a solution that does not negatively impact on the
important factors that keep ecosystems functioning. Practical applications of the
Ecosystem Approach produced interesting results but solutions find many challenges
and difficulties. The Ecosystem Approach is based on the application of appropriate
scientific methodologies focused on levels of biological organization which
encompass the essential processes, functions and interactions among organisms and
their environment. At the same time the Ecosystem Approach recognizes that
humans, with their cultural diversity, are an integral component of ecosystems. The
goal of ecosystem-based management is to maintain an ecosystem in a healthy,
productive and resilient condition so that it can provide the services humans want
and need.
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