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Conventional sectoral management and piecemeal governance are considered less and less appropriate
in pursuit of sustainable development. Ecosystem based marine spatial management (EB-MSM) is an
approach that recognizes the full array of interactions within an ecosystem, including human uses, rather
than considering single issues, species, or ecosystem services in isolation. Marine spatial planning and
ocean zoning are emerging concepts that can support EB-MSM. EB-MSM is driven by high-level goals
that managers aim to achieve through the implementation of measures. High-level goals and objectives
need to be translated into more operational objectives before speciﬁc targets, limits and measures can be
elaborated.
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Monitoring, evaluation and adaptation are necessary to ensure that marine management measures are
both effective and efﬁcient. Solid monitoring frameworks are the foundation of adaptive management, as
they provide the necessary information to evaluate performance and the effectiveness of management
actions. Marine protected areas (MPAs) - possibly set up in networks - constitute a key component in EBMSM policies and practises and have been applied as a cornerstone in conservation of marine biodiversity, management of ﬁsh populations, development of coastal tourism, etc. Moreover, MPA experiences have provided methods and concepts (such as zoning) to a wider EB-MSM context. The assignment
of values to biophysical features of the marine environment allows the direct assessment of related
management choices and may assist EB-MSM.
A range of monetary valuation techniques have been proposed to reduce attributes of goods and
services to a single metric. However, in the marine environment such an approach is often over
simplistic, and thus less reductive techniques may be necessary. Rather than producing a single metric,
the results of non-monetary assessments guide policy allowing weight to be given as necessary to
potential areas of conﬂict and consensus.
Strategies to take into account climate change effects and geohazard risks in EB-MSM have been
applied or proposed worldwide. EB-MSM regimes must be alert to such risks and ﬂexible to account for
changes.
Ó 2011 Elsevier Ltd. All rights reserved.

1. Introduction
Humanity has beneﬁted enormously from the rapid economic
and technological developments of the last century. However,
much of this progress has been achieved to the detriment of natural
systems and the sustainability of resources and ecosystem functions. Our oceans and coastal areas in particular have been and
continue to be affected by a heavy burden of anthropogenic pressures. Humans depend on marine ecosystems for important and
valuable goods and services, but human use has also altered the
marine environment through direct and indirect means. There is
widespread degradation of marine habitats, depletion of resources
and loss of biodiversity at the levels of ecosystems, species and
genes. No areas of the ocean, even the most remote ones, are
completely untouched by human activities (Halpern et al., 2008a).
The increasing pressures upon the marine realm call for a well
planned approach of managing use of marine space. Fisheries and
aquaculture, offshore wind farms, gas and oil industry, coastal
defence systems, extraction of building materials, shipping, tourist
industry, and the need for marine conservation all compete for the
same valuable space. This is aggravated by the fact that climate
change will inﬂuence the structure and functioning of marine
ecosystems and the use of coastal zones, calling for a robust
approach of future spatial planning that also takes cross-boundary
developments into account.
The human uses of the sea have been spatially managed for
decades. Fisheries have been opened or closed in particular areas;
marine transportation has been managed within designated lanes
or zones especially in intensively used areas; rights to explore and
exploit energy and mineral resources have been leased on an area
basis; marine protected areas (MPAs) have been designated in
many places in the world. However, marine areas have been
traditionally managed on a case-by-case, sector-by-sector basis,
ignoring the interdependent nature of ecosystem components.
Conventional sectoral management and piecemeal governance are
considered less and less appropriate in pursuit of sustainable
development, as the interaction among activities and the cumulative impacts of these activities are ignored (Foley et al., 2010;
Halpern et al., 2008b). Thinking in prescribed administrative units
also makes it more difﬁcult to measure and counter potentially
cumulative effects of sea uses or to tap previously unexplored
synergies. There is an urgent need for a fundamental shift in the
way we manage our oceans and coasts towards a holistic and
integrated approach to management.

Ecosystem-based marine spatial management (EB-MSM) is an
emerging paradigm of ocean management, which is being
promoted by institutions worldwide as the best way to ensure the
sustainability of marine ecosystems and their services to humans,
and to deal with conﬂicts among various users of the seas. In recent
years much has been written on the scientiﬁc concepts and principles of EB-MSM (Levin et al., 2009) and the various difﬁculties in
implementing those (Arkema et al., 2006; Tallis et al., 2010). A
comprehensive review by Curtin and Prellezo (2010) aimed to
describe what is meant by an ecosystem based management and
how it has been implemented, while other reviews tackled speciﬁc
questions such as the methods for deﬁning future scenarios in EBMSM (Francis et al., 2011). However, an extensive review on the
tools supporting the implementation of EB-MSM is still pending. A
sound knowledge base on the tools in the context of EB-MSM is
crucial to move from a more conceptual discussion to a practical
implementation. With this review we address this gap and also try
to derive a more comprehensive insight about the nature and scope
of EB-MSM and the related challenges. The main questions we
strived to answer are: What is EB-MSM and what are its beneﬁts?
What are the recent developments in EB-MSM and the related
objectives? What are the most important tools for EB-MSM and
their essential characteristics? How critical issues for marine
management such as climate change and geohazard risks can be
effectively tackled within EB-MSM frameworks? What are the gaps
and research needs for effective EB-MSM?
2. The general concept of EB-MSM
Ecosystem based management is an environmental management approach that recognizes the full array of interactions within
a marine ecosystem, including humans, rather than considering
single issues, species, or ecosystem services in isolation. The goal of
ecosystem based marine management is to maintain marine
ecosystems in a healthy, productive and resilient condition so that
they can sustain human uses of the ocean and provide the goods
and services humans want and need (McLeod et al., 2005). Foley
et al. (2010) stated that the future of the ocean depends on
successful, immediate implementation of a comprehensive governance framework that moves away from a sectoral management
approach to an integrated approach. Such an approach would (1)
balance the increasing number, diversity and intensity of human
activities with the ocean’s ability to provide ecosystem services; (2)
incorporate appropriate ecological, economic, social and cultural
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perspectives; and (3) support management that is coordinated at
the scale of ecosystems as well as political jurisdictions. Although
there are ecosystem approaches to marine management that are
not necessarily place-based, in most cases marine ecosystems are
ﬁxed in space. Hence, the spatial component is inherently critical in
the concept of ecosystem-based management, which justiﬁes the
notion of EB-MSM.
The successful development and implementation of EB-MSM
requires the use of best available science. New tools, such as geospatial analysis, remote sensing, molecular techniques, telemetry,
modelling, and quantitative analysis to understand the spatial and
temporal dynamics of marine organisms and ecosystems in relation
to environmental variation have been developed. These new tools
have broadened the understanding of the linkages between marine
habitats and population dynamics, and between spatiotemporal
dynamics and the functioning of marine food webs (Crowder and
Norse, 2008). Furthermore, the way forward to support EB-MSM
is by data integration across traditional disciplines at appropriate
scales: i.e. building upon existing information collected for a variety
of speciﬁc purposes and providing a framework to combine these
data (Carollo et al., 2009). In addition to making use of the best
science available, managers have to continuously learn and adapt
management whenever new information is available.
An in-depth review of the application of the ecosystem
approach, carried out by the Convention on Biological Diversity,
revealed that several barriers are preventing the actual implementation of EB-MSM (Douvere and Ehler, 2008). The ecosystem
approach is still more of a concept which is widely discussed at
scientiﬁc fora, but with very limited examples of actual practise,
mainly due to the difﬁculties met in coupling environmental safety
and sustainable use of resources with stakeholder’s needs and
expectations. There are still major science and knowledge gaps in
applying the ecosystem approach to management, related to our
limited understanding of the dynamics and resilience of populations, biological communities and ecosystems, the dynamics of
human uses of marine ecosystems and their cumulative impacts on
the marine environment, the effectiveness of management and
governance systems, and how to conduct fully integrated assessments across environmental, economic, and social dimensions of
marine systems (Rice et al., 2010).
It is important to recognise that EB-MSM is a decision support
mechanism. It does represent an important advance from reductionist notions of a single “scientiﬁc” optimal solution to marine
management problems. We are however still left with the question
of how to implement EB-MSM approaches. If it is seen as another
‘command and control’ process telling stakeholders what they
should do there is a danger of failure. In many parts of the world
traditional self-governance approaches to managing marine
resources still exist. Integrating EB-MSM approaches with traditional systems will be a particular challenge (e.g., Cinner and
Aswani, 2007; Ruddle and Hickey, 2008). Even in societies with
formal regulatory planning institutions the collaborative dimension is still important (Armitage et al., 2009; Kerr et al., 2006).
While it may be naive to think that all stakeholders can reach
consensus on all decisions, it is important that there is consensus
and consensibility regarding the decision-making processes being
employed (Seabright, 1993).
3. Legislation and operational objectives
3.1. From high-level goals to operational objectives
Planning and management are driven either implicitly
or explicitly by goals. Goals are high-level outcomes that a planning process or management aims to achieve through the
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implementation of measures. High-level goals are a crucial part of
any management and are based on societal or cultural values. In
contrast, descriptors, criteria, and indicators that are associated to
a high-level goal are developed in the scientiﬁc domain (Moilanen
et al., 2009 and references therein). To achieve high-level goals,
managers should translate them into clear, measurable, short-term
goals before any speciﬁc targets, limits and measures can be elaborated. Such goals are termed operational objectives (Fig. 1) and
their deﬁnition is crucial for the success of a management plan.
In recent years the formulation of operational objectives and
operational deliveries has been proposed in the wider context
of an ecosystem based approach to marine management. For
example, Rogers et al. (2007) described a hierarchical framework
that incorporates the marine objectives and delivery statements of
ecological, social and economic sectors and outlined the relationship between high-level goals and operational objectives. Experience from the implementation of an ecosystem approach to
ﬁsheries has also shown the importance of translating high-level
policy strategies and goals into operational objectives. Such
objectives should be clariﬁed in relation to management structure,
process, and measures, hence rationalising and bringing transparency in the implementation path between high-level policies
and on-the-ground ﬁshing operations (Garcia et al., 2003).
To be effective and useful for evaluating the management
performance of spatially managed areas, operational objectives
need to be SMART (sensu ICES, 2005): (1) Speciﬁc: objectives should
clearly specify the state to be achieved, and be interpreted unambiguously by all stakeholders; (2) Measurable: objectives should
relate to measurable properties of ecosystems and human societies,
so that indicators and reference points can be developed to
measure progress towards the objective; (3) Achievable: it should
be possible to achieve all objectives, which should not conﬂict; (4)
Realistic: it should be feasible to implement the objectives using the
resources (research, monitoring, assessment and enforcement
tools) available to managers and stakeholders; and (5) Time bound:
there should be a clearly deﬁned time scale for meeting objectives.
3.2. International policies and objectives
A number of overarching international conventions, treaties
and laws recognise the need to consider human pressures in the
marine environment through an integrated, ecosystem approach
to management of maritime activities. Some of these mainly
address the coastal zone, as has been the common practise until
recent years, when focus expanded to include the open sea and
the high seas. The most relevant international legislation and
policies to EB-MSM are the United Nations Convention on the Law
of the Sea (UNCLOS), the Convention on Biological Diversity (CBD),
the United Nations Agenda 21, and the FAO Code of Conduct for
Fisheries.
UNCLOS is an international agreement in force since 1994. It is a
comprehensive regime of law and order for the world’s oceans and
seas that governs all aspects of ocean space such as delimitation,
environmental control, marine scientiﬁc research, economic and
commercial activities, transfer of technology and the settlement of
disputes relating to ocean matters. UNCLOS is also the mechanism
through which the designation of exclusive economic zones is
coordinated. UNCLOS includes a number of other provisions concerning the marine environment in relation to marine pollution,
alien species, global and regional cooperation, and highly migratory
species.
CBD, established in 1992, is the most comprehensive and
signiﬁcant international instrument addressing the threats to
biodiversity, as well as protecting, understanding and using natural
resources sustainably. It requires all member nations to establish
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a system of protected areas and develop guidelines for the selection, establishment and management of these areas. The strategic
plan of the CBD laid down the target of achieving a signiﬁcant
reduction in the current rate of biodiversity loss by 2010 at the
global, regional and national level. This target was conﬁrmed in the
plan of implementation adopted at the World Summit on
Sustainable Development in Johannesburg in 2002. However, this
target was not achieved and in November 2010, in Nagoya, new
targets were agreed and one new hard law protocol was ﬁnalised
(Harrop, 2011). CBD has three high-level goals: (1) the conservation
of biological diversity; (2) the sustainable use of its components;
and (3) the fair and equitable sharing of beneﬁts arising from the
use of genetic resources. These objectives are to be met through the
implementation of a number of measures including the development of national strategies, the integration of biodiversity considerations into sectoral and cross-sectoral plans, the establishment of
monitoring programmes, and extensive measures for in-situ and
ex-situ conservation. CBD prescribes the ecosystem approach in
achieving these objectives and states that implementation must be
consistent with UNCLOS.
The Agenda 21 programme was introduced in 1992 during the
United Nations Conference on Environment and Development. Its
full implementation was afﬁrmed during the World Summit on

High-level goals

Objectives

Operational
Objectives

Sustainable Development in 2002, during which States also
committed themselves to promote the sustainable development of
marine ecosystems through the application of the ecosystem
approach by 2010. Agenda 21 promotes integrated, multisectoral,
coastal and ocean management at the national level through a set
of concrete objectives, some of which relate directly to spatially
managed marine areas: to promote compatibility and a balance of
uses by integrating policy and decision-making process with all
involved sectors; to identify existing and projected uses of coastal
areas and their interactions; and to apply preventive and precautionary approaches in project planning and implementation,
including prior assessment and systematic observation of the
impacts of major projects.
The FAO Code of Conduct for Responsible Fisheries (FAO, 1995)
provides principles and standards applicable to the conservation,
management and development of all ﬁsheries. It also covers the
capture, processing and trade of ﬁsh and ﬁshery products, ﬁshing
operations, aquaculture, ﬁsheries research and the integration of
ﬁsheries into coastal zone management. The Code of Conduct for
Responsible Fisheries is supplemented by the FAO Guideline on the
Precautionary Approach (FAO, 1996). This Guideline is a coherent
framework for managers, based on clear identiﬁcation of
management objectives and the use of indicators and reference

Example 1

Example 2

Biological diversity is
maintained (species,
habitats, ecosystems)

CO2 emissions will be
reduced by 30% by 2020

...
…
Populations of all
species included in
Annex IV of the
Habitats Directive
(EC, 1992) are
maintained
…
…

...
…
More than 50% of the
electricity production
will come from
renewable sources by
2020
…
…

...
The monk seal
population in the
region will increase by
>30% no later than
2020
Fishing mortality of
fan mussels (either due
to poaching or
bycatch) will decrease
by >80% no later than
2015
…

...
Energy from offshore
windfarms in the
region will increase by
750 MW each year
until 2020
Tidal energy
production will exceed
1000 MW until 2020
…
…

Fig. 1. From high-level goals to operational objectives: visualisation and examples.
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points to evaluate the stock status and ﬁshery performance, taking
into account uncertainty in all phases of management process.
Despite the effort made so far, a number of institutional and
legal challenges exist for succeeding to reach the high-level goals
set by international policies. In particular, beyond areas of national
jurisdiction no adequate mechanisms exist yet for the effective
management of the seas, surveillance, and enforcement of
management measures. There are several legal issues that
complicate the spatial management of international areas,
including speciﬁc interests, rights and competence of various
entities, such as the rights of coastal States over their extended
continental shelf, and the potentially conﬂicting competences of
global organisations (e.g. the International Seabed Authority) and
regional environmental or ﬁsheries organisations (Salpin and
Germani, 2010).
3.3. Regional objectives: the European example
Regional and national legislation is decisive in shaping the terms
and guidelines for EB-MSM, usually in conformity to international
high-level policies. For example, in the European Union a suite of
fundamental policies and directives have set a number of goals and
objectives that largely deﬁne EB-MSM. These include the Habitats
Directive (EC, 1992), the Birds Directive (EC, 2009), the Water
Framework Directive (WFD; EC, 2000), the Strategic Environmental
Assessment Directive (SEA Directive; EC, 2001), the Common
Fisheries Policy (CFP), and the Marine Strategy Framework Directive (MSFD; EC, 2008b) (for more details see Suppl. 1).
The Birds and the Habitats Directives are two major drivers of
establishment of protected areas in EU waters. Both directives serve
as a legally binding basis for the establishment of a set of terrestrial
and marine protected areas, collectively known as Natura 2000
network. The WFD is a legislative framework that rationalises and
updates existing water legislation by setting common EU wide
objectives for water bodies, including coastal waters. It introduces
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an integrated and coordinated approach to water management in
Europe. The SEA Directive requires certain public plans and programmes to undergo an environmental assessment to provide for
a high level of protection of the environment and to promote
sustainable development. The CFP deﬁnes a policy framework to
ensure sustainable exploitation of living aquatic resources and
includes measures to protect sensitive species and habitats from
the impacts of ﬁshing. The MSFD is the environmental pillar of the
future maritime policy for EU and aims to achieve ‘Good Environmental Status’ (GES) in EU marine areas by the year 2020 at the
latest. Annex 1 of the MSFD provides 11 qualitative descriptors of
GES, which can be considered as the basis for high-level goals
(Table 1). The descriptors of GES are explicitly deﬁned as being
qualitative; to become operational quantiﬁcation is required. Task
groups have been organised by ICES and JRC to assist with the
development of these criteria and methodological standards (see
Cardoso et al., 2010; EC, 2010; Table 1).

4. Monitoring, evaluation and adaptive management
In spite of the efforts in ecological management, mismanagement of biological resources has been common and well publicized
(Chadwick, 1996; Gallangher and Carpenter, 1997; Parﬁt, 1995).
Although economical and political factors are major contributors to
these failures (Holmes, 1994) the limits of our ability to predict the
response of ecosystems to human interventions have certainly
played an important role, as can be seen in cases in which
management disasters can be traced to seriously ﬂawed assessments and forecasts (Walters and Maguire, 1996). To get the most
out of human interventions, a plan is needed that: (1) recognizes
the uncertainty; (2) contemplates monitoring system responses to
interventions; and (3) anticipates that future management interventions will be modiﬁed as we gather more information and learn
about the behaviour of the system.

Table 1
The 11 qualitative descriptors of the Marine Strategy Framework Directive (EC, 2008b) and the corresponding key attributes (EC, 2010) for determining good environmental
status.
Qualitative descriptors

Key attributes

Biological diversity is maintained. The quality and occurrence of habitats and the
distribution and abundance of species are in line with prevailing
physiographic, geographic and climatic conditions
Non-indigenous species (NIS) introduced by human activities are at levels that
do not adversely alter the ecosystems
Populations of all commercially exploited ﬁsh and shellﬁsh are within safe
biological limits, exhibiting a population age and size distribution that is
indicative of a healthy stock
All elements of the marine food webs, to the extent that they are known, occur
at normal abundance and diversity and levels capable of ensuring the
long-term abundance of the species and the retention of their full
reproductive capacity
Human-induced eutrophication is minimised, especially adverse effects thereof,
such as losses in biodiversity, ecosystem degradation, harmful algae blooms
and oxygen deﬁciency in bottom waters
Sea-ﬂoor integrity is at a level that ensures that the structure and functions of
the ecosystems are safeguarded and benthic ecosystems, in particular, are
not adversely affected
Permanent alteration of hydrographical conditions does not adversely affect
marine ecosystems
Concentrations of contaminants are at levels not giving rise to pollution effects

Species level (species distribution, population size, population condition)
Habitat level (habitat distribution, extent, condition)
Ecosystem level (Ecosystem structure)
Abundance and state characterisation
Environmental impact
Level of pressure of the ﬁshing activity
Reproductive capacity of the stock
Population age and size distribution
Productivity
Proportion of selected species as the top of food webs
Abundance/distribution of key trophic groups/species

Contaminants in ﬁsh and other seafood for human consumption do not exceed
levels established by Community legislation or other relevant standards
Properties and quantities of marine litter do not cause harm to the coastal and
marine environment
Introduction of energy, including underwater noise, is at levels that do not
adversely affect the marine environment

Nutrient levels
Direct effects of nutrient enrichment
Indirect effects of nutrient enrichment
Physical damage
Condition of benthic community
Spatial characterization of permanent alterations
Impact of permanent hydrological changes
Concentration of contaminants
Effects of contaminants
Levels, number and frequency of contaminants
Characteristics of litter in the marine and coastal environment
Impacts of litter on marine life
Distribution in time and place of loud, low and mid frequency impulsive sounds
Continuous low frequency sound
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An increasing number of scientists and resource managers
recognise that successful marine management approaches,
including EB-MSM, cannot occur without effective monitoring,
evaluation and adaptation (Day, 2008). Although originating already
in the 1970’s, adaptive management is now a buzzword, commonly
confused with an ad hoc trial and error approach to management as
in ‘action ﬁrst, science later’ (Parma et al., 1998). However, adaptive
management should be noted as managing according to a plan by
which decisions are made and modiﬁed as a function of what is
known and learned about the system, including information about
the effect of previous management actions (Ludwig et al., 1993;
Parma et al., 1998). Irrespective of whether a change in marine
management results from new data, ‘in-the-ﬁeld’ experience, or as
a result of external circumstances, EB-MSM practises must be periodically reviewed and updated where appropriate. Adaptive
management enables managers to be ﬂexible and to expect, and deal
with, the unexpected (Day, 2008). It could be either passive or active
and it needs to be distinguished from the precautionary approach
(Table 2).
Because both natural systems and management approaches are
never static, continuous and iterative monitoring, evaluation,
reporting and adaptive management are fundamental components
for effective marine management. The challenge is how to develop
realistic operational objectives and indicators against which
effectiveness can be measured. This can be quite complicated as
the focus of marine planning and management strategies are not
only single species but also habitats and whole ecosystems. In
addition to this, it may also be relevant to set multiple objectives
taking into account interactions between ecological, economical
and societal factors. This makes the development of operational
objectives and the associated criteria and indicators even more
complicated.
In addition to monitoring the state of the environment, monitoring management performance is also an important task in order
to know if implemented management measures are efﬁcient,
effective and equitable (Douvere and Ehler, 2011). The most
important reasons for evaluating management performance and
effectiveness in marine ecosystems are to demonstrate the extent
to which the objectives of marine planning and management have
been achieved, to provide evidence-based feedback about what is
working and what is not, and to learn more about interactions
between ecological components and management efforts.
In recent years, governments have placed growing emphasis on
outcome-based (rather than activity-based) performance reporting, which includes measures of performance in achieving

objectives or targets. Jones (2000) provided one example of an
evaluative management framework comprising seven key steps
(Fig. 2a). Pomeroy et al. (2005) developed a step-by-step guide to
managers and practitioners for evaluating effectiveness of MPA
management (Fig. 2b) based on a set of biophysical, socioeconomic
and governance goals and 42 corresponding indicators. As there
has been a history of adapting methods and concepts from MPA
experiences to the wider MSP and ecosystem based management
context, such evaluations may provide a good basis for a wider
framework of EB-MSM.
To evaluate the effectiveness of a management plan, a range of
ecological, socioeconomic and governance indicators that measure
the status of attributes related to operational objectives need to be
developed (Belﬁore et al., 2006; Douvere and Ehler, 2011; Pomeroy
et al., 2004, 2005). Indicators are quantitative or qualitative statements or parameters that simplify information related to existing
situations and measure trends over time. Indicators need to have
a number of characteristics to be good and reliable measures of
ecosystem status and management performance. They should
be readily measurable on the time scales needed to support
management, cost effective, concrete, interpretable, grounded on
scientiﬁc theory, sensitive, responsive, and speciﬁc (Belﬁore et al.,
2006). Indicators, together with carefully chosen thresholds, can
be used to deﬁne performance measures to assess the achievement
of management objectives and to deﬁne decision rules for adaptive
management strategies to respond to impacts (Fulton et al., 2005;
Sainsbury et al., 2000). Moreover, indicators could also reﬂect
aspects of concern to stakeholders and therefore their meaning
should be understood by as wide a range of stakeholders as possible
(Douvere and Ehler, 2011). Many ecological, socioeconomic and
governance indicators have been developed that ﬁt the needs for
evaluation of a great variety of operational objectives (Table 3).
Evidence-based feedback (Day, 2008) is crucial to the achievement of the objectives of any adaptive management framework
(Blæsbjerg et al., 2009; Ekebom et al., 2008; Foley et al., 2010;
Grafton and Kompas, 2005; Pomeroy et al., 2005; Walters and
Hilborn, 1976), as it provides important output from a past
process that must inform and inﬂuence current or future processes.
Considering that most evaluations of spatially managed areas in the
marine environment focus on biophysical aspects and that these
evaluations rarely involve management staff (Ehler and Douvere,
2009), it is important that evaluations are formulated and
communicated in a way that ensures that feedback re-enters the
adaptive management cycle as effectively as possible to improve
the likelihood of successful management in future.

Table 2
Deﬁnitions and characteristics of Adaptive Management and the Precautionary Approach. Modiﬁed after Parma et al. (1998).

Precautionary
approach

Adaptive
management

Whenever a strategy is actively or
passively adaptive, the system
responses are monitored, effects
of past actions are evaluated, and
management is able to respond
in an effective and timely
manner to what is learned.

Passive

Active

Deﬁnition

Characteristics

We should not proceed with ecological
intervention unless we are reasonably
sure that this will not cause a
signiﬁcant long-term loss of productivity
or a signiﬁcant long-term impact on the
environment (FAO, 1995)
When policies are adapted in response
to new information, but learning is not
incorporated as a management goal
(Parma et al., 1998)

- experimental management must be
conservative
- must gain information ﬁrst and then
explore the system

As in experiments, in management the
information value of alternative
candidate actions is considered in
evaluating choices (Parma et al., 1998)

- possible high costs; we don’t know how much
we losse due to the component ‘don’t know
enough detail’
- misses the opportunity to learn fast
- ignore future learning
- probable great costs because the environment
is manipulated as a whole
- short-term negative effects perceivable
- Beneﬁts expected from learning must
overcompensate the short-term costs of
implementing experiments.
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a
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b
Step 1: Identify
management objectives

Step 2: Define key
desired outcomes

Step 3: Identify
performance indicators

Step 4: Undertake
monitoring

Step 1: Select your indicators
1.1 Identify MPA goals and objectives
1.2 Match relevant indicators to MPA goals and
objectives
1.3 Review and prioritize the indicators identified
1.4 Identify how the selected indicators relate to one
another

Step 2: Plan your evaluation
2.1 Assess resource needs for measuring indicators
2.2 Determine the audience(s) who will receive the
evaluation results
2.3 Identify who should participate in the evaluation
2.4 Develop a timeline & workplan for the evaluation

Step 6: Report findings
and recommendations

Step 3: Conduct your evaluation
3.1 Implement your evaluation workplan
3.2 Collect data
3.3 Manage collected data
3.4 Analyze data
3.5 Encourage peer review and independent validation of
results

Step 7: Adjust
management as
necessary

Step 4: Communicate results and adapt management
4.1 Share results with target audiences
4.2 Use results to adapt management strategies

Step 5: Periodically
assess results

Fig. 2. (a) The seven-step evaluative management framework proposed by Jones (2000); (b) The outline of the step-by-step guide for the performance assessment of MPAs
proposed by Pomeroy et al. (2004, 2005).

Feedback from evaluations may also facilitate in the ongoing
identiﬁcation of research needed to inform management in relation
to knowledge gaps (Ehler and Douvere, 2009). However, to ensure
that feedback is understood outside e.g. the scientiﬁc community
all of the above examples require effective communication strategies (Ehler and Douvere, 2009; Pomeroy et al., 2005; Pomeroy and
Douvere, 2008).
Adaptive management is a type of experimental management
and, as such, it has its limitations. This may explain why it has not
been more commonly implemented. The major limitations are
constraints in policies and legislation, difﬁculties in monitoring
populations and their responses to interventions, lags in system

responses, and limits in our ability to depict all possible states of
nature (Parma et al., 1998). Adaptive management also forces us to
evaluate the effects of past actions as part of the management plan
(Mangel et al., 1996), and implies that management is able to
respond effectively. Finally, adaptive management is based on the
recognition that our actions in the future will change as new
information is obtained (Platt, 1964).
5. Marine spatial planning and ocean zoning
Marine Spatial Planning (MSP) is an essential tool for EB-MSM
(Ehler, 2008; Halpern et al., 2008b). It has emerged as a means of

Table 3
Publications developing ecological, socioeconomic and governance indicators for the evaluation of spatially managed marine areas.
Publication

Description

Pomeroy et al., 2004, 2005
(IUCN Guide book)

Step-by-step guidance is provided to managers and other practitioners in selecting relevant biophysical, socioeconomic,
and governance indicators for the evaluation of MPAs. A list of 42 MPA-relevant indicators is provided (10 biophysical,
16 socioeconomic, 16 governance), associated with general goals and objectives.
It provides a step-by-step guide to help users in developing, selecting and applying a common set of governance,
ecological and socioeconomic indicators to measure, evaluate and report on the progress and outcomes of Integrated
Coastal and Ocean Management interventions. It includes a detailed description of 37 indicators (9 ecological, 13
socioeconomic, and 15 governance)
A general conceptual framework for the management of marine protected areas (MPAs) was developed. The
driver-pressure-state-impacts-response (DPSIR) framework was used to determine the elements affecting MPAs.
The developed evaluation framework helped to select an appropriate suite of 149 indicators to support an ecosystem
approach, an assessment of the MPAs functioning and policy decisions.
The Marine Strategy Framework Directive proposes 11 descriptors of the GES that cover the most common components
relevant for likely operational objectives for MSP. Several task groups developed a suit of indicators for those descriptors,
which are collectively described in this report.

Belﬁore et al., 2006 (UNESCO handbook)

Ojeda-Martínez et al., 2009

Cardoso et al., 2010
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resolving inter-sectoral and cross-border conﬂicts over maritime
space and has been therefore deﬁned as a way of improving decision making and delivering an ecosystem-based approach to
managing human activities in the marine environment (Douvere,
2010). However, MSP concepts are still open to very diverse interpretations (Gilliland and Laffoley, 2008).
MSP is a public process of analysing and allocating the spatial
and temporal distribution of human activities in marine areas to
achieve ecological, economic, and social objectives that have
usually been speciﬁed through a political process (Ehler and
Douvere, 2007). Foley et al. (2010) deﬁned ecosystem based MSP
as an integrated planning framework that informs the spatial
distribution of activities in and on the ocean in order to support
current and future uses of ocean ecosystems and maintain the
delivery of valuable ecosystem services for future generations in
a way that meets ecological, economic and social objectives.
The concept of MSP was stimulated by international and
national interests in developing marine protected areas (MPAs).
More recent attention has been placed on planning and managing
multiple uses of maritime space, particularly in areas where
use conﬂicts are already well known and speciﬁed. Ecosystembased MSP aims to bridge the gap between science and practise
and help ﬁll the current need of both governments and nongovernmental organisations for more practical tools that move
forward the implementation of ecosystem-based management in
marine places (Douvere, 2008). The MSP decision-making process
should be based on ecological principles such as native species
diversity, habitat diversity and heterogeneity, key species, and
connectivity, with clearly deﬁned targets for those ecological
attributes (Foley et al., 2010). In addition, the associated levels of
uncertainty must be taken into account in the MSP planning
process. Recently a guide of ten practical steps on how to make MSP
operational was launched by UNESCO, based on international
examples of MSP at different stages of development from all around
the globe (Ehler and Douvere, 2009).
An increasing number of countries are using MSP to achieve
both sustainable use and biodiversity conservation in ocean and
coastal areas. While some countries have speciﬁc legislation for
MSP (e.g., the UK has the Marine and Coastal Access Act), most do
not and certain countries use existing authorities d including
environmental legislation (like Belgium) or biodiversity legislation
(like Australia) d or existing land-use planning legislation that is
extended to the sea (The Netherlands and Germany) as a basis of
authority for MSP (Douvere, 2010). A review of MSP initiatives can
be found in Douvere (2010) and in UNESCO’s MSP Initiative (www.
unesco-ioc-marinesp.be/msp_around_the_world).
In Europe most ecosystem-based sea use management and MSP
initiatives are driven by international and European legislation
(Douvere and Ehler, 2008). Various legal and policy documents
have been introduced by the European Commission to implement
MSP, one of which is the Green Paper on Maritime Policy which
identiﬁes MSP as a key tool for the management of a growing and
increasingly competing maritime economy, while at the same time
safeguarding marine biodiversity (EC, 2006). The recent EU
Communication on MSP (EC, 2008a) considers it as a key instrument for the application of the European Integrated Maritime
Policy and lays out some guiding principles encouraging the
development of a common approach among member states. EU
research programmes support multidisciplinary research to further
develop MSP, e.g. the MESMA project (www.mesma.org) is focussing on monitoring and evaluation of spatially managed areas and
will develop innovative methods and integrated marine planning
strategies (Ter Hofstede et al., 2010).
Stakeholder involvement is an important component of MSP as
it reduces conﬂicts among users (Ehler, 2008). The stakeholders

that are involved in the process must reﬂect the existing
complexity in reality (Pomeroy and Douvere, 2008). Moreover,
stakeholders should be involved in developing the overall MSP
framework and planning production process, rather than only
being consulted on a ﬁnal actual plan (Gilliland and Laffoley, 2008).
Currently, most MSP initiatives are conﬁned within national
boundaries and only take into account local habitats and ecosystems (Maes, 2008). But various uses such as shipping, ﬁsheries and
pipelines may have impacts across boundaries and therefore MSP
has to be implemented on a regional and international level
(Douvere and Ehler, 2008). Ultimately, national MSP initiatives
should further develop into cross-border and regional marine
spatial plans to fully implement a sustainable EB-MSM.
Ocean zoning (OZ) is a set of regulatory measures used to
implement marine spatial plans and it is considered as one tool for
EB-MSM (Ehler and Douvere, 2007). OZ partitions a region into
zones that are designed to allow or prohibit certain activities, with
the intent to maintain the provision of an overall set of ecosystem
services provided by the overall zoned area; such a zoning process
needs to pay particular attention to the consequences of allowing
multiple conﬂicting activities to occur within the same location
(Halpern et al., 2008b). Zoning in which environmental protection
is harmonized with uses of the sea is likely the most effective
approach to mitigate and possibly reverse extensive and increasing
human impacts on marine and coastal ecosystems (Agardy, 2009).
Comprehensive OZ may not only reduce conﬂicts through the
creation of use-priority areas but also act as a catalyst for users
within zones to coordinate their activities, especially with the
creation of dominant-use zones (Sanchirico et al., 2010).
Whereas terrestrial zoning is usually operated at small spatial
scales, within the remit of municipal planning authorities, OZ often
must recognize the wide linkages across marine and coastal
ecosystems. It must also systematically address uses of, and impacts
on, the marine environment at a regional scale, taking into account
transboundary issues and international legislation. Lack of property
rights in the ocean can hinder efforts to apply the land-based
principles of zoning to the marine environment. However, zoning
of communal or common property such as marine space and
resources is possible by amending legislation towards use rights.
Experience in the largest zoned area of the world ocean, the Great
Barrier Reef Marine Park, showed that a simple zones classiﬁcation
was crucial for public acceptance (Day, 2002).
There are many tools for ocean zoning under development. The
most popular one is “Marxan with Zones” (Watts et al., 2009),
which helps creating alternative zoning conﬁgurations that maximize the achievement of social, economic, and ecological objectives
while minimising the total social, economic, and ecological cost.
Another emerging analytical method useful for ocean zoning
focuses on mapping of cumulative impacts of different suites of
human activities on the ocean. The overall impact of all human
activities on ocean condition can be assessed and particular activities can be included or excluded from consideration to determine
what suite of activities can best meet objectives for a given zone
(see e.g. Ban et al., 2010; Halpern et al., 2008a; Stelzenmüller et al.,
2010).
6. MPAs within the EB-MSM context
The IUCN deﬁnition of MPA (Dudley, 2008) is “a clearly deﬁned
geographical space, recognized, dedicated and managed, through
legal or other effective means, to achieve the long-term conservation of nature with associated ecosystem services and cultural
values”. The current global movement towards EB-MSM has put
a spotlight on the interlinkages between MPAs and EB-MSM.
Stakeholders often assume that MPAs and EB-MSM or MSP are

S. Katsanevakis et al. / Ocean & Coastal Management 54 (2011) 807e820

interchangeable concepts, however this is not the case (e.g.
Blæsbjerg et al., 2009). EB-MSM has a broader remit and provides
an overall spatial framework for ecosystem based management of
maritime activities, whereas MPAs are one of the management
tools within that planning framework, i.e. providing a means for
emphasised protection of features and processes in a given
ecosystem that merit site speciﬁc management measures. There
are often fewer economic sectors involved in MPAs, and MPA
zoning restrictions mainly target ﬁshing and recreational use. Both
MPAs and MSP are recognised as area-based tools for implementing the ecosystem approach in managing the marine environment. Admittedly, both tools are insufﬁcient in achieving the
all-encompassing EB-MSM goals if applied on their own
(Douvere, 2008; Halpern et al., 2010). Such view is based on the
fact that many stressors to marine ecosystems, such as land-based
pollution and climate change, are not spatial in nature (Halpern
et al., 2010).
Many studies on the ecological effects of MPAs highlight that
they provide multiple beneﬁts to the ecosystem (Agardy, 1994;
García-Charton et al., 2008; Sobel and Dahlgren, 2004; Zabala,
1999). The need for ecologically coherent MPA networks that
enhance cumulative interactions and effectiveness of conservation
over a wider geographical scale has been recognized (Agardy, 2005;
EC, 2008b; Fernandes et al., 2005; Gaines et al., 2010; IUCN-WCPA,
2008; Roberts, 1997; Roberts et al., 2003; Sala et al., 2002). A
functioning, ecologically coherent network of MPAs should interact
with the surrounding environment and other MPAs. However, such
a scheme is dependent on appropriate management to support
good ecosystem health and functioning both within and outside the
networks of MPAs. EB-MSM is the broader context that gratiﬁes the
need for such integrated management and protection in the entire
marine area.
There are many examples of MPAs failing to accomplish their
stated targets, mainly because of wrong design, poor enforcement,
and set up or unrealistic expectations (Alder, 1996; Guidetti et al.,
2008; Jameson et al., 2002; Kelleher et al., 1995; McClanahan,
1999). The effectiveness of MPAs for sustaining ﬁsh stock yields
has been challenged by many authors arguing that conventional
ﬁsheries management approaches are more effective and MPAs
might lead to reduced ﬁsh stock production due to densitydependent factors and reallocation of ﬁshing effort (Kaiser, 2005;
Norse et al., 2003; Shipp, 2003; Steele and Beet, 2003). However,
putting ﬁsheries management in the wider context of EB-MSM will
potentially resolve such issues.
In the past decades ﬁsheries stakeholders and nature conservation proponents have been the main drivers of the general debate
over MPAs. Meanwhile, a number of other sectors have made an
ever-growing number of claims in marine areas for e.g. aggregate
extraction, pipelines and wind farms. In particular, the designation
of wind farm sites and the construction of turbines at sea, driven by
the current demand for clean energy, have had a highly signiﬁcant
effect on the political landscape surrounding sea use. Increasingly,
conservationists and ﬁsheries stakeholders can be found on the
same side of the fence in public debates over impacts of e.g.
construction plans or importance of speciﬁc marine sites. This
reveals that marine habitats and species can no longer be considered in isolation in ﬁsheries management and nature conservation
regimes. In order to optimize space allocation and to add sufﬁcient
weight to claims, these sectors will likely need to identify marine
areas that represent essential sites for both sensitive species and
habitats as well as for living resource management. Overlaps in
geography or within sectoral objectives are likely to facilitate the
discovery of mutual opportunities and beneﬁts that are important
to consider in relation to MPA development within wider EB-MSM
frameworks.
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7. Socio-economic valuation of spatially managed areas
7.1. Values and utility
When it comes to management interventions, the cost and
beneﬁts have to be evaluated. The assignment of values to
biophysical features of the marine environment allows the assessment of alternatives. Society clearly values features of the marine
environment: economic resources, the provision of environmental
services, and marine biodiversity. EB-MSM, indeed any management, will potentially alter the distribution of these values. Economic
activities in marine environments almost inevitably create spatial
externalities, in the presence of which Pareto-efﬁciency is hardly
reachable. The general assumption is that good management should
produce a net gain. This is the basis of cost beneﬁt analysis (CBA).
Nunes and van den Bergh (2001) suggest that marine environmental value is the sum of all utility experienced by individuals.
This worldview is anthropocentric, rejecting intrinsic values or
ethical considerations sometimes cited as management criteria
(Dobson, 1996; Naess, 1985). Derous et al. (2007a, 2007b) argue
that intrinsic biological values should underpin MPA selection, i.e.
rarity, aggregation, ﬁtness, naturalness, and proportional importance. For conventional economics these values are not “intrinsic”
but simply the values of conservation biologists.
The concept of Total Economic Value (TEV) is now widely
accepted (Pearce, 1989). TEV consists of the sum of all market and
non-market values in the environment. Alternatively we can think
about use-values where activity takes place (e.g. aesthetic value)
and non-use values where values are experienced passively (e.g.
existence value). Use values may in turn be direct (e.g. recreational
diving) or indirect (e.g. assimilation of pollution) (Fig. 3).
7.2. Monetary valuation
Not all environmental goods and services are traded on markets.
Valuation techniques for non-market environmental goods and
services include (i) Revealed Preference (RP) and (ii) Stated Preference (SP) methods. RP techniques analyze actual consumer
choices in a market to extract values, which people relate to environment. SP techniques elucidate values, which stakeholders
assign to environmental resources or ecosystem services in
a hypothetical market. Many of the valuation techniques will only
capture some of the values described in Fig. 3. Furthermore, they
make the assumption of rational behaviour and perfect information
- rarely the case. The most commonly applied valuation techniques
useful to EB-MSM include Production Function, Cost of Illness/
Human Capital, Replacement Cost, Travel Cost, Hedonic Pricing,
Contingent Valuation (CV), Choice Modelling (CM), and Beneﬁts
Transfer (BT) (see Suppl. 2 for details).
The environment is a provider of services supporting the
economy and human wellbeing. This worldview builds the thinking
of Boulding (1966), and Schumacher (1973) among others. Costanza
et al. (1997) published a controversial paper, which estimated the
value of global ecosystem services at US$ 33 trillion yr1. According
to their estimate marine ecosystems have a value almost twice that
of all terrestrial ecosystem services. They used the BT method
reviewing over 100 valuation studies producing a value per hectare
for key global biomes. These results have been challenged by some
economists as ﬂawed (World Bank, 2005). Redford and Adams
(2009) believe that identifying ecosystem services helps to
explain human dependence on nature, but worry that valuation
disregards biodiversity. Similarly, Sagoff (2008) suggests that
ecosystem valuation confuses ‘prices’ with ‘values’; and that market
price (‘willingness-to-pay’) “does not correlate with value, beneﬁt
or utility”. However, many others have adopted the approach (Firn
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Fig. 3. A typology of potential economic values provided by the management of marine areas.

and McGlashan, 2001; Patterson and Cole, 1999; Pimentel et al.,
1997; Williams et al., 2003).
There is a modest but growing body of marine environmental
valuation studies, mostly from the US; this work has tended to
focus on recreational values of beaches (Ledoux and Turner, 2002;
Pendelton et al., 2007). An EU study involving an international call
for environmental valuation studies generated 291 responses only
4 of which were marine (Markandya et al., 2008).
Beaumont et al. (2008) attempted to value the ecosystem
services of UK marine biodiversity. Despite a lack of reliable data
the study helped “raise awareness of the importance of marine
biodiversity”. However, the authors concluded that the monetary
values identiﬁed could not be aggregated because different calculation methods had been used. This is a problem as the primary
purpose of monetary valuation is to facilitate direct comparison.
There is a clear rationale that underpins the desire to place
monetary values on environmental change. Monetary values
should allow us to compare environmental costs and beneﬁts with
market costs and beneﬁts. Great advances have been made in the
development of valuation techniques but methodological limitations and serious theoretical issues remain to be resolved.
7.3. Non-monetary assessments
Alternatives to monetary valuation are sought. Rather than
producing a single metric, the results of non-monetary assessments
guide policy allowing weight to be given to potential areas of
conﬂict and consensus.
Methodologies of non-monetary assessment include Environmental Impact Assessment (EIA), Opinion Polling (OP) and MultiCriteria Analysis (MCA). A development of MCA is Multi-Attribute
Decision Analysis, which addresses complex problems characterised by a mix of objectives.

Several developments of MCA techniques have been attempted
to achieve a closer reﬂection of core values. One such is AGORA
(Assessment of Group Options with Reasonable Accord), a participatory conﬂict management algorithm which uses MCA, core
theory and game theory. Issues around a collective problem are
assessed through a questionnaire designed to an agenda set by the
stakeholders themselves (Davos et al., 2007). The focus is to help
stakeholders develop cooperation strategies by analysing their
priorities.
7.4. Implications of socioeconomic valuation for EB-MSM
Any effective EB-MSM regime must understand socioeconomic
values. The idea of placing monetary values on the environment is
not new. This is most straightforward where market goods, such as
ﬁsheries, are being assessed. However, many environmental values
are non-market and commentators recognise the difﬁculty of
reducing these to a monetary unit (O’Niel, 1993). Non-monetary
valuation techniques attempt to understand the cause, distribution and strength of socioeconomic values. The drive here is to win
the widest possible consensus reducing the need for difﬁcult and
costly enforcement in the future. Collaborative dimensions to
governance identifying core values of stakeholders are essential if
EB-MSM is not to be seen as another scientiﬁc panacea.
8. Critical issues
8.1. Climate change and EB-MSM
Temperature increase and the greater frequency of temperature
anomalies may involve a series of interrelated problems. Sea level
rise, change in the chemical composition of sea water and acidiﬁcation, modiﬁcation of the hydrological cycles, increase in the risk
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of coastal erosion and saltwater intrusion, decline of certain
habitats, latitudinal range shifts of species, outbreaks of invasive
species, effects on species richness, changes on ecosystem functioning and loss of goods and services are among the effects
of climate change in the marine environment (Bianchi,
2007; Drinkwater et al., 2010; Harley et al., 2006; IPCC, 2007;
Occhipinti-Ambrogi, 2007; Parmesan and Yohe, 2003; Perry et al.,
2005; Rosenzweig et al., 2008; Zenetos et al., 2010). All the main
marine ecological systems and the human activities therein
developed such as ﬁshing and aquaculture, public health, conservation and the tourism industry, are destined to be inﬂuenced by
climate change (Barange and Perry, 2009; Cochrane et al., 2009;
Handisyde et al., 2006).
Because of the uncertainties about the nature of future climate
changes, EB-MSM must be alert to change and responsive.
Management plans have to be updated on a periodic basis to assess
and address possible changes in ecosystems and human uses due to
climate change. A clear regulatory framework, allowing for the
regular update of environmental targets to take into account the
variations caused by climate change is essential. For effective
adaptive management, monitoring of changing climate, ecosystem
state, and key ecosystem characteristics should be a central
component of EB-MSM (Foley et al., 2010). Uncertainty and variability in marine ecosystems because of climate change make it
imperative to take a precautionary approach within the planning
and governance structure of EB-MSM regimes.
Emphasis should be placed on conservation activities that
promote the preservation of species, habitats and ecosystem
processes. Networks of MPAs within a broader EB-MSM context are
much more resilient to the threats of climate change than single
MPAs, as they address uncertainty by spatially spreading potential
risks, building redundancies (especially among key species, groups,
and drivers of ecosystem structure) and buffer areas, and allowing
species to shift their distribution among reserves in response to
large scale changes. Networks of MPAs should ensure local integrity, representation and replication of all major habitats particularly
at sites that may be more resilient to climate change. The increase
of reserve connectivity is the most urgent recommendation for
climate change adaptation strategies for biodiversity management,
according to the review by Heller and Zavaleta (2009).
Management of ﬁsheries needs ﬂexibility to account for climatic
driven changes in stock distribution and abundance, and deal with
the unpredictable response of people and ecosystems (Badjeck
et al., 2010; Daw et al., 2009; Grafton, 2010). Within an EB-MSM
context, it is important to develop approaches that maintain the
resilience of populations, communities and ecosystems to the
combined and interacting effects of climate change and ﬁshing
(Perry et al., 2010).
Adaptation strategies for spatial management of coastal areas
should face beach erosion induced by sea-level rise and storm
surges. Measures to promote coastal resilience should include
protection, regeneration of dune plants and stabilisation, the
maintenance of sediment supply and the provision of buffer zones,
providing setback zones which would allow the beach to migrate
landward as the sea rises (Defeo et al., 2009).
Profound actions to ﬁght climate change by the reduction of
greenhouse gas emissions have been in place in the last two
decades. A major policy to achieve that is the production of clean
energy. Measures for clean energy include the installation of
large offshore wind farms and sea tidal turbines, which in many
marine areas have substantially increased competition for valuable
sea space (e.g. Berkenhagen et al., 2010). EB-MSM provides the
framework and regulatory strategies to deal with such increased
conﬂicts between clean energy production and other uses of
marine space.
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8.2. Geohazard risks and EB-MSM
The term geohazard is used to deﬁne the geological process
or phenomenon that represents or has the potential to develop
further into a situation leading to damage or uncontrolled risk.
Geohazards to be considered for EB-MSM may include: coastal
and submarine landslides and rockfalls, earthquake triggered
phenomena (seaﬂoor rupturing, vertical dislocation of coastlines,
etc), volcanic and hydrothermal activity, seeping of cold ﬂuids
(non-volcanic gas, groundwater discharge, etc), and tsunamis.
Tectonically active areas are characterized by frequently occurring large earthquakes, which may nucleate on- or offshore.
Earthquakes nucleated on faults running close to or crosscutting
the coastal zone may lead to uplift or subsidence of long sections of
the coastline and therefore seriously affect coastal constructions
and activities.
Offshore submarine landslides alter signiﬁcantly the seaﬂoor
and are able to trigger tsunamis, which may be catastrophic for the
adjacent shores. Coastal sliding or collapse of the coastal zone due
to instability may develop aseismically, or be triggered by earthquakes or volcanic activity. In all cases the coastal or submarine
landscape can change dramatically, thus affecting the associated
human activities and ecosystems.
Sites of submarine volcanism and hydrothermal activity as well as
areas with mud volcanism, gas hydrates deposits and seepages
of cold ﬂuids (methane, water, etc) are known as extreme environments that host very special ecosystems which are adapted to them.
Violent activity of volcanoes, like eruption and magma ﬂow, or
massive mud expulsion or dissociation of gas hydrates,
are phenomena that can modify the submarine seaﬂoor and the local
environmental parameters, and therefore the associated ecosystems.
Although tsunamis are a secondary phenomenon, triggered by
other geohazards (earthquakes, slope failures, volcanoes), in many
cases have been proved to be the most catastrophic process for
coastal areas. Modelling of tsunami generation and propagation has
been developed to assess impact on the shore, inundation areas and
tsunami run-up (Dawson et al., 2004; Titov and Synolakis, 1998;
Weiss et al., 2006; and references therein).
Strategies to take into account geohazard risks in EB-MSM have
been applied or proposed worldwide, aiming at protecting from or
mitigating the related risk. Since geohazards do not occur
uniformly around the globe, not even in regional scale, case- and
site-speciﬁc studies have to be conducted and respective scenarios
and strategies have to be developed in order to design and apply
sustainable management. Especially in coastal areas, management
plans could include buffer zones to specify the minimum distance
for permanent structures to be constructed away from the coastline, rehabilitation plans for coastal ecosystems, livelihood restoration plans, and establishment of a geohazards warning system as
an approach to mitigate related disasters. In terms of marine
conservation through networks of MPAs, geohazard risk should be
taken into account especially in the design phase. In the selection of
sites for protection, geohazard risk should be a selection criterion,
i.e. sites of low geohazard risk should be favoured when contrasted
to high risk sites of equal ecological value.
9. Conclusions
EB-MSM is an emerging paradigm of integrative ocean management that recognizes the full array of interactions within an
ecosystem including human uses. It is a promising multidisciplinary approach driven by high-level goals described in
a number of international, regional and national policies. Using the
best available science, EB-MSM aims to the maintenance of marine
ecosystems in a healthy condition, the sustainable exploitation of
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ecosystem goods and services, the reduction of conﬂicts among
competing uses of the maritime territory, and the provision of
multiple beneﬁts to an as wide as possible array of involved sectors.
Such high-level goals need to be translated into more operational
objectives before speciﬁc targets, limits and measures can be elaborated. Effectiveness is then measured through the processes of
monitoring and evaluation of proper indicators against those operational objectives.
Recently several hierarchical frameworks that relate high-level
goals to operational objectives have been developed, allowing the
integration of data from different disciplines and the combination
of views from different sectors. This new perspective on available
information promotes active learning and consequent adaptation
of management to changing conditions. EB-MSM is also innovative
in recognising the wide linkages across marine and coastal
ecosystems, addressing uses of the marine environment and their
related impacts at a regional scale, and taking into account transboundary issues. Early stakeholder engagement in the management process, rather than ﬁnal consultation, is another distinctive
feature of EB-MSM.
MSP, OZ, MPA networks, and socioeconomic valuation techniques are among the most important tools for EB-MSM. MSP is an
integrated planning framework to manage human activities in
space and time to deliver on deﬁned planning objectives. OZ is
a set of regulatory measures that partition a region into zones
designed to allow or prohibit certain activities. There are many
practical tools for OZ, ‘Marxan with Zones’ being the most popular
one. MPA networks are an area-based management tool within
EB-MSM providing a means for emphasised protection of features
and processes in a given ecosystem that merit site speciﬁc
management measures. The effectiveness of MPA networks is
greatly enhanced if planned within a wider context of EB-MSM
that ensures good ecosystem health in the MPA-surrounding
environment as well. Both monetary and non-monetary valuation techniques have been developed to evaluate the goods and
services of marine ecosystems and guide management decisions
in the face of several alternative options, especially in areas of
conﬂict.
EB-MSM constitutes a framework that provides opportunities
for several strategies to effectively deal with climate change and
geohazard risks. These include the implementation of networks
of MPAs, changes in the spatial and temporal allocation of
maritime activities, ﬂexibility in the management of ﬁsheries,
measures to promote coastal resilience, restoration of critical
coastal ecosystems, designation of buffer zones between
permanent structures and the coastline, and implementation of
monitoring programs and warning systems that can mitigate
risks. In addition, adaptive management provides a practical way
to tackle uncertainty and allow for adjustment to new conditions
or new information.
Practical implementation of EB-MSM faces a number of challenges such as major science and knowledge gaps, constraints in
policies and legislation, institutional fragmentation, and difﬁculties
in coupling environmental safety and sustainable use of resources
with stakeholder’s needs and expectations. Due to the limits of our
ability to predict the response of ecosystems to human interventions, any EB-MSM framework must be ﬂexible and able to incorporate changes. Research gaps include the need for a better
guidance on how to implement a socioeconomic evaluation into
marine spatial management to link the value of ecosystem goods
and services to costs of management measures. Valuation techniques need to be further developed in order to better assist
maritime policies and EB-MSM frameworks. Lastly, there is a need
for further practical guidance on how to assess potential ecological
and socioeconomic risks and consequences of future spatial

management scenarios, accounting for natural system variability,
climate change and geohazards.
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