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a b s t r a c t

Internationally marine ecosystem-based management has been embraced as an approach to design
holistic marine management regimes. In this article a comparative research strategy is applied in the
analysis of the holistic marine management regimes in Norway, Australia, US, Canada and the European
Union. How can holistic marine management regimes based on an ecosystem approach contribute to
sustainable ocean development? Important in this context is how the origin and theory of an ecosystem-
based management is implemented and interpreted, and to what extent this is manifested through
policies, strategies and legal frameworks. The results of this research indicate that the implementation of
marine-ecosystem based management is heterogeneous. This article discusses the concrete mechanisms
that are used to reach the aim of sustainable ocean management. Implementation challenges are related
to lack of functional metrics, weak spatial measures, weak integration and lack of adaptive management.
Still marine ecosystem-based management is an important step forward for sustainable ocean
governance.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Interconnections between human society and the marine
environment are complex. Understanding these interconnections,
and being able to identify important drivers and pressures are at
the forefront of the scientific enterprise (Fath, 2015; Jonge et al.,
2012). Several challenges exist due to human induced impacts on
the marine environment (Barange et al., 2014; Set€al€a et al., 2014;
Teh and Sumaila, 2014). Marine research and management sys-
tems have a central role addressing these challenges. Marine
ecosystem-based management (MEBM) is suggested as a solution
to improve decision making and marine management (Ehler and
Douvere, 2009). MEBM can be defined as: “A comprehensive inte-
grated management of human activities based on the best available
scientific knowledge about the ecosystem and its dynamics, in order to
identify and take action on influences which are critical to the health of
the marine ecosystems” (Rice et al., 2005: p. 4). The approach
researched here is holistic marine management regime (HMR) and
ecosystem approach in marine spatial planning. The concept of
regime is here used to describe national and regional ocean
governance initiatives, e.g. the set of laws, policies, strategies,
institutional arrangements to implement MEBM. These regimes
aim at creating a sustainable system for the management of ocean
resources, coexistence, integration, cooperation and involvement of
stakeholders and institutions. Ideally a HMR based on MEBM
should be able to balance between the protection of the environ-
ment and multiple human use.

It is estimated that at least 23 countries and four major regions
are making efforts in MEBM worldwide (Balgos et al., 2015). HMR
addresses human activity and the marine environment applying an
ecosystem approach. Issues that are covered range from coordi-
nating and integrating the management of marine habitats and
species, fisheries, shipping, offshore petroleum and gas production,
marine pollution, renewable offshore energy production, sea bed
mining and climate change adaptation.

Ecosystem approach developed within ecology as a discipline,
but it is also increasingly e since the 1980s e being used as a
management principle in treaties and declarations (CBD, 1993;
CCAMLR, 1980; RD, 2001). Within terrestrial systems the principle
of ecosystem-based management can be traced back to the 1950s,
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Abbreviations

HMR Holistic marine management regimes
MEBM marine ecosystem-based management
MPA marine protected area
MSP marine spatial planning
UNCLOS United Nations Convention on the Law of the Sea
CCAMLR Convention on the Conservation of Antarctic Marine

Living Resources
CBD Convention on Biological Diversity
RD Reykjavik Declaration
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but only recently it has been applied to the marine environment
(Agardy et al., 2011).

The central question is: How can holistic marine management
regimes based on an ecosystem approach contribute to sustainable
ocean development?

A comparative method is used to research the development and
characteristics of MEBM in developed countries. The cases
compared here are the HMRs of Australia, Canada, Norway, the
European Union, and the United States of America. The selection of
cases is based on some of the first attempts to establish HMR and
some of the most recent cases. Australia was one of the first
countries to release a policy for MEBM in 1998 (Anonymous, 1998).
Canada followed shortly after together with Norway, and both
countries published a policy for MEBM in 2002 (Anonymous,
2002a, 2002b). The European Union and the United States of
America represent some of the more recent cases to establish
MEBM in 2007 and 2010 (Anonymous, 2007b, 2010a, 2010d). The
selection of cases consists of completed regimes and plans under
development, but ought to be sufficient to answer the question
raised here, and being able to characterize the link between theory
and practice.

MEBM represents a new turn in management of ocean space
(Kidd et al., 2011). Previously marine management has been highly
sectoral (Balgos et al., 2015). An extensive theoretical literature has
developed addressing characteristics of MEBM, and how such
management regimes can be constructed and developed (Jonge
et al., 2012). Jones et al. (2016) calls for a more critical and empir-
ical approach to MSP research. The dialogue between theory and
practice is important for the scientific development of management
systems. Practice is a way of testing theory, and can also be an in-
dicator for the need to develop more robust systems, verifying
theoretical insights or handling the implementation differently.

Comparative approaches have been applied in the research on
MEBM (Arkema et al., 2006; Balgos et al., 2015; Collie et al., 2012;
Jones et al., 2016; Leslie et al., 2015; Olsen et al., 2014; Rosenberg
et al., 2009; SAB, 2011), and have given important insight on the
design and function of holistic marine management regimes.
Arkema et al. (2006) researched US and Australian plans, and
discovered a need for better incorporation of ecological principles,
explicit management approaches and stakeholder participation.
Collie et al. (2012) researched 16 marine spatial plans worldwide.
They found that marine spatial planning (MSP) is heterogeneous,
but they identified five key characteristics: “1) legal mandate and
political capabilities to implement the plan, 2) the need for operational
objectives defined early in the process, 3) inclusiveness, plans should
be worked out in accordance with financial and human resources, and
4) the need for feedback and adaptive management”. Olsen et al.
(2014) points to “political will and leadership, process transparency
and stakeholder participation” as critical success factors.
2. Material and methods

This article applies a comparative research strategy and the use
of multiple case studies (Blatter and Haverland, 2012; Ragin, 1989,
1992; Sartori, 1991; Stake, 2006; Yin, 1994).

Relevant to the discussion of cases is the theoretical literature
developed in the field of MEBM (Arkema et al., 2006; Foley et al.,
2013; Grumbine, 1994; Long et al., 2015). A set of elements that
underpins MEBM has been identified in the theoretical literature
(Grumbine, 1994; Long et al., 2015). These elements can be
described as a conceptual model for MEBM, also referred to as the
“architecture” of MEBM (Fogarty and McCarthy, 2014: p. 7). These
can be viewed as essential components of such a system. A con-
ceptual model of MEBM was constructed based on international
manuals for conducting MEBM and MSP, and review of literature in
the field (Agardy et al., 2011; Ehler, 2014; Ehler and Douvere, 2009).

1. Holistic marine management regime (HMR): This type of re-
gimes is established through either national, bilateral or greater
regional initiatives. The aim is integration, bringing together
institutions in marine management and create a common
framework for understanding of management challenges. Pol-
icies, legislation, and strategies are important for establishing
these measures. A HMR is not created to replace sector man-
agement, but aims to integrate sectors and enhance cooperation
between sector authorities, e.g. cooperation between fishery
management authorities and petroleum licensing authorities
(Misund and Olsen, 2013).

2. Delineation of management area: In the theoretical literature it
is assumed that themanagement area should bemoved towards
coinciding with the ecosystem as an entity (Bailey, 2014;
Crowder and Norse, 2008; Spalding et al., 2007).

3. Knowledge acquisition: To prioritize, set goals and strategies to
reach them, the plan must be updated with available knowl-
edge. Integration such as cross-sectoral cooperation, interna-
tional cooperation and stakeholder involvement also
contributes to the knowledge pool. Empirical data on the state of
the ecosystem must be collected, and human interactions with
the ecosystem must be mapped (Crowder and Norse, 2008).
Important here is the assessment of cumulative effects (Foley
et al., 2013; Levin et al., 2009).

4. Procedures: Planning and enacting a system involves inte-
grating stakeholders. Procedures are needed to seek integration
across sectors. This can be solved either by creating new in-
stitutions that have the responsibility to coordinate actions. A
more common model is to create a common arena for integra-
tion between sector authorities and stakeholders. The role of
stakeholders can also be used constructively to ask and propose
management questions (Fowler, 2009).

5. Evaluation criteria: Evaluation criteria are important to correct
the management system, but also to evaluate if the goals set by
the plan is reached, or if other procedures are better shaped to
solve a certain problem (Carneiro, 2013; Ehler, 2014). Environ-
mental principles have an important function to set norm and
guidelines to evaluate function of the plan. In this connection
metrics are important, i.e. indicators or other measures for
assessing the state of the ecosystem and the impacts of human
activity.

6. Management plan: This is the implementation of policies,
legislation and strategies. They include mechanisms to address
challenges, set objectives for the state of the environment,
create the basis for coexistence, introduces spatial measures,
applying monitoring of environmental indicators to inform and
evaluating if goals have been reached and the need for actions
(Agardy et al., 2011; Ehler and Douvere, 2009).
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7. Adaptive procedure: An adaptive approach can be viewed as a
basic and important element of any holistic management sys-
tem. New knowledge that is gained about the state of the
ecosystem, new knowledge on important habitat structures or
new knowledge about the impact of human activity, can be
used to improve the management process and provide a
Fig. 1. Concept
knowledge basis for implementing new measures (Westgate
et al., 2013).

Fig. 1 is a distillation of main elements applied in the theoretical
literature to describe holistic marine management applying an
ecosystem approach.
ual model.
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Based on the conceptual model a set of comparative indicators
were identified for the elements (Fig. 2).

These comparative indicators can be described and organized
using four main themes:
Fig. 2. Conceptual model and
a) Marine governance:

Policy and/or legislation are the starting point for the develop-
ment of HMR. Ocean policies describe how MEBM should be
operationalized through marine management. Important
comparative indicators.
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comparative indicators for the construction of HMR are: a) collab-
oration between government and user interests, b) integration, c) a
system to handle environmental impacts, d) a system to handle
multi-use of the ocean, e) cumulative effect assessments, f) how is
ecosystem-based management defined and applied. Under certain
circumstances there is not a separate legal framework for marine
management, and policy is the dominating factor driving MEBM
forward. In this instance decisions under sector legislation is
important for the development of HMR. Marine management plans
ought to set goals, objectives, actions and strategies to fulfill the
defined planning priorities.

b) Spatial measures:

After the policy phase a plan must be made. This plan can be
guided by a legal framework and/or the policy framework devel-
oped. The spatial measures applied is used as comparative in-
dicators: zoning, area identification or spatial objectives. Zoning
identify a specific area that has a specific use and that is protected
with certain guidelines and that the area has a legal status. Area
identification is the identification of an area for a certain purpose or
function, and there might be guidelines that signify the use and
status of the area. A plan can also contain spatial objectives without
identifying specific zones or areas within the planning area. Spatial
objectives are general guidelines pertaining to the whole man-
agement area, e.g. for specific use, species or habitats.

c) MEBM, multiple use and cumulative load:

Important here is how coexistence is handled. Does the plan
develop a framework for ocean industries? Is there an analysis of
cumulative effects and is risk assessments used to determine how
and where human industrial activities can be performed?

d) Metrics:

Metrics is needed to adjust a plan, inform decision makers,
adapt to new circumstances and being able to evaluate a plan. A
comparative indicator used here is if the plan intends to apply
adaptive management, address revision cycle, has evaluation
mechanisms, has developed ecosystem indicators or intend to
develop ecosystem indicators and if the plan is knowledge based
and applies monitoring.

The materials used in this article are based on policy, legal and
planning documents from each of the cases. An overview of the
marine management plans used in the case studies:

1. Norway: Integrated Management Plan for the Barents Sea and
areas off Lofoten (included the update of the plan in 2011), In-
tegrated Management Plan for the Norwegian Sea and Inte-
grated Management Plan for the North Sea and Skagerrak
(Anonymous, 2006b, 2009e, 2011, 2013d).

2. Australia: Marine bioregional plan for the South-west Marine
Region, Marine bioregional plan for the North-west Marine
Region, Marine bioregional plan for the North Marine Region,
Marine bioregional plan for the Temperate East Marine Region
(Anonymous, 2004b, 2012c, 2012d, 2012e, 2012f).

3. United States of America:
3a. State of Massachusetts: Massachusetts Ocean Management

Plan 2009 and 2015 (Anonymous, 2009c, 2009d, 2015c,
2015d).

3b. State of Rhode Island: Rhode Island Ocean Special Area
Management Plan (Anonymous, 2010b, 2015c)

3c. First regional US ocean plan: Northeast Regional Ocean Plan
(Anonymous, 2016b)
4. Canada: Eastern Scotian Shelf Integrated Management Plan,
IntegratedManagement Plan for the Beaufort Sea, Placentia Bay/
Grand Banks Integrated Management Plan, Gulf of St. Lawrence
Integrated Management Plan, Pacific North Coast Integrated
Management Plan and Regional Oceans Plan for the Scotian
Shelf, Atlantic Coast and Bay of Fundy (Anonymous, 2007a,
2009b, 2012g, 2013b, 2014c, 2014d).
4a. Marine Plan Partnership for the North Pacific Coast: Haida

Gwaii Marine Plan, North Coast Marine Plan, Central Coast
Marine Plan and North Vancouver Island Marine Plan and
the regional action framework (Anonymous, 2015a, 2015b,
2015e, 2015f, 2016a).

5. EU: Marine Strategy Framework Directive and Directive on a
Framework for Marine Spatial Planning (Anonymous, 2008b,
2014a).

The conceptual model was further used as a starting point for a
comparative case study of regimes for marine ecosystem-based
management. NVivo software version 11 for qualitative analysis
was used to code the planning documents. Marine policies, plan-
ning and legal documents from the five cases were used to research
for presence and absence of characteristics considered essential for
marine ecosystem-based management.

Data from the analysis was further coded as an indicator matrix
based on the conceptual model and comparative indicators (Fig. 2).
The matrix was used as the basis for running a correspondence
analysis on similarities and difference between the marine
ecosystem-basedmanagement regimes developed in the five cases.
It is possible to apply correspondence analysis in connection with
case studies (Kienstra and Heijden, 2015). Correspondence analysis
is a relative of principal component analysis, and belongs to the
family of factorial methods (Greenacre, 2013). Correspondence
analysis can be used for exploring categorical data; i.e. presence e

absence data (Beh, 2004). The insights from the conceptual model
and the correspondence analysis are further used as the basis for
discussing the research question posed in the introduction. The
correspondence analysis was performed using R version 3.2.3.

3. Results

Fig. 3 shows the results of the correspondence analysis. The plot
can be used to assess degree of similarity and dissimilarity between
the different cases. An overview of the planning cases represented
in the plot:

a) Eastern Scotian Shelf Integra8ted Management Plan (CA1)
b) Integrated Management Plan for the Beaufort Sea (CA2)
c) Placentia Bay/Grand Banks Integrated Management Plan, Gulf of

St. Lawrence Integrated Management Plan, Pacific North Coast
Integrated Management Plan(draft) (CA3)

d) Marine Plan Partnership for the North Pacific Coast (CA4)
e) Regional Oceans Plan for the Scotian Shelf, Atlantic Coast and

Bay of Fundy (CA5)
f) Marine bioregional plan for the South-west Marine Region

(AU1)
g) The Australian Marine bioregional plans (AU2)
h) Massachusetts Ocean Management Plan (US1)
i) Rhode Island Ocean Special Area Management Plan (US2)
j) North-East regional marine plan (US3)
k) Norwegian Integrated Management Plans (NO)
l) European Union directives for Integrated Management (EU)

The results in Fig. 3 indicate, based on the selection of cases
here, five different applications of MEBMs: 1) Norway, 2) European
Union and the Australian bioregional plans, 3) Canadian federal
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plans, 4) the regional effort of MaPP, Canada, and the state marine
spatial plans of the US and 5) the regional ocean plans in the US.
4. Discussion

The results indicate that the application of MEBM is heteroge-
neous. But what does it mean in practice that these regimes are
different? In the theoretical literature it is emphasized that there
does not exist a general “blueprint” that fits all marine planning
situations (Ehler and Douvere, 2009). Even if MEBM might seem as
an all-encompassing approach, this management approach re-
quires a prioritization of issues to be handled in the plan. When it
comes to goals and aims differences ought to be expected, since
there is a variation in regional challenges e e.g. different planning
challenges, different ways of organizing bureaucracies and different
ecosystems and forms of marine human activities. However, it
should be expected a high degree of similarity when it comes to
elements of marine ecosystem-based management (Fig. 1). Long
et al. (2015) emphasize that there exists a large variety of princi-
ples associated with EBM, but that lack of consensus on a common
definition of EBM has challenged the practical application and
implementation. In the theoretical literature it is argued thatMEBM
has certain characteristics and elements (Fogarty and McCarthy,
2014; Long et al., 2015). Basic aspects of MEBM, such as integra-
tion, ecosystem metrics, spatial measures and adaptive manage-
ment ought to be present to be characterized as a regime based on
MEBM (Fig. 1). Jones et al. (2016) argues, based on cases from
Europe, that there is a divergence between the theory for MSP in
this field and the practical application. Vince (2015) addresses that
lack of integrative capacity can lead to implementation failure. She
defines integrative capacity as “an institutional model that can deal
with multiple issues, jurisdictions and sectors holistically”.

The question asked in the beginning is how can such holistic
marine management regimes contribute to sustainable ocean
development? Mechanisms that can aid coexistence between users
e for instance marine governance, spatial measures that can pro-
tect marine habitats, performing cumulative impact assessments,
assessing the human impact on the environment and the use of
metrics in order to be available to evaluate the state of the
ecosystem are four factors put forward as important in the theo-
retical literature (Borja et al., 2016; Samhouri et al., 2013).

The discussion is organized around the following themes that
can be used to explain the results achieved in Fig. 3:

4.1 Marine governance.
4.2 Spatial measures
4.3 MEBM, multiple use and cumulative load
4.4 Metrics
4.1. Marine governance

Holistic marine management regimes for the ocean can be
viewed as designing rules, procedures for how to govern an area.
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Marine governance signifies the interplay between authority to
plan, legislation, government, planning system and stakeholders.
Marine policies act as a sketch for the construction of holistic ma-
rine management regimes in all the cases researched here. They
precede the development of marine management systems
(Anonymous, 1998, 2002a, 2002b, 2004a, 2006a, 2007b, 2010a,
2010c). These policies outline on a strategic level how use and
protection of marine resources can be governed and developed.
Rothwell and Stephens (2011) characterizes this as development of
“norms and principles” for ocean governance that “reflect new in-
ternational priorities when it comes to managing ocean spaces”. These
new priorities have appeared after the completion of the UN Law of
the Sea.

The turn towardsmarine ecosystem-basedmanagement is often
attributed to Agenda 21, chapter 17, “Protection of the oceans, all
kinds of seas, including enclosed and semi-enclosed seas, and
coastal areas and the protection, rational use and development of
their living resources” (Rothwell and Stephens, 2011: p. 476).
Agenda 21, Chapter 17, also had a clear focus on integrated marine
management. Another important outcome of the Rio Conference in
1992, that has impact on the development of ocean governance, is
the UN Convention on Biodiversity and the UN Framework
Convention on Climate Change (Haward and Vince, 2008: p. 50).
But also the different management systems developed within the
different cases have influenced each other as research literature has
been published on these issues, international guidance and as HMR
has developed.

The architecture and the rationale given in the policies are
important for the development of marine governance. A common
theme is the dependence of marine systems, the need to develop
sustainable management systems and to integrate different levels
of government. The role and importance of marine economy is also
underlined. All the policies suggest balancing between use and
protection in the marine environment. They also suggest balancing
between multiple users so that conflicts are avoided. Another
important aspect is the will to preserve marine biological diversity.
Marine policy functions as a platform for the development of policy
actions and implementation of programs. Policies are adjusted as
they are tested and tried. Common considerations in all the policies
include:

1. Acknowledging that there are threats and challenges to preserve
marine biodiversity and habitats.

2. Emphasis on using best available marine science.
3. Acknowledging that marine activity and industry are a vital part

of the economy.
4. Marine job opportunities and value creation is part of the

agenda.
5. Human activity and industry in the marine environment must

be controlled in such a manner that they encourage sustainable
conduct. National policy therefore seeks to handle multiuse of
the ocean space.

But howdo the different cases here differ? Policy, legislation and
planning take different roles in the construction of marine gover-
nance. The marine policies are released at different points in time
from 1998 to 2010. Australia was the first country that made a
marine policy among the cases here in, 1998. Australia set forward
to develop regional marine plans, and first developed a plan for the
south-east marine region (Anonymous, 1998, 2004b). During the
work on the south-east marine regional plan it was realized that a
new approach to regionalisation of the ocean space was needed,
and later a system for bioregionalization of the Australian ocean
area was developed (Anonymous, 2005b). In most of the cases
existing institutions are given the task of coordinating the work
with marine governance. An exception is Australia, which chose to
organise the work with marine planning by creating new institu-
tional arrangements. Australia later abandoned this arrangement.
From 2006 marine planning was instead conducted under the
Department of the Environment. Marine management systems are
constructed differently, e.g. the first marine plan of Australia was
made without a legal basis for marine planning, and similarly the
Norwegian marine plans are without a specific legal basis. These
two regimes have been based on policy commitments and inte-
gration of sector laws. Reliance on sectoral laws are also shared
with the regional marine plans developed as part of the US national
ocean policy (Anonymous, 2013c).

In 2005 Australia decided to give marine ecosystem-based
management a legal basis (Anonymous, 2006a). In Canada a legal
basis for integrated ocean management existed through the Cana-
da's Oceans Act since 1996 (Anonymous, 1996). The EU has intro-
duced two directives: the marine strategy framework directive in
2008 and the maritime spatial planning directive 2014
(Anonymous, 2008a, 2014a). Several of the EU countries had
already developed marine spatial planning for the offshore marine
area. The development in the EU has moved gradually towards
creating a normative basis for marine spatial planning. Marine
spatial planning was first part of a recommendation, before it
developed into the adoption of a directive (Anonymous, 2008a,
2014a). In Massachusetts, USA, separate legislation for marine
planning was given. Later a National Ocean Policy set out to create
nine marine regions. Planning of these regions is not mandatory,
but based on voluntary accession. States that are part of a defined
marine region can go together and establish a regional planning
body. In the U.S. you will have both the state initiatives for ocean
planning and an overarching framework of regional plans
(Anonymous, 2013e). The regional plans are not made on the basis
of legislation, but are supplemented by sectoral federal laws and
state laws (Anonymous, 2016b). Regional plans are sent to the
National Ocean Council for review and concurrence (Anonymous,
2013a, 2015g).

The ocean policies and strategies have a high degree of simi-
larity regarding the comparative indicators (Fig. 3). They all score
on adopting key elements of MEBM in constructing HMR. However,
in the research literature Vince et al. (2015) find that the status of
the Australian policy in the long term did not succeed to establish
integrated marine management, but that it managed to increase
awareness of the marine environment across sectors. A recent re-
view of Canada's ocean policy by Bailey et al. (2016) calls for gov-
ernment to “fully implement” the Ocean's Act and strategy. In
Norwaymarine planning is approved by the national assembly, and
thus also differs from the other cases here which are approved by
government or responsible bureaucracy.

4.2. Spatial measures

In the research literature spatial measures and place-based
management are seen as essential for MEBM (Douvere, 2008).
Mapping and knowledge of the ecosystem is important in order to
ensure ecological functioning. Foley et al. (2010) identify that MSP
must build on ecological principles that can maintain: 1) species
diversity, 2) habitat diversity and heterogeneity, 3) populations of
key species and 4) connectivity. All of the cases researched here
apply place-based management. Place-based management in
practical management often means that administrative consider-
ations are part of the limitation of an area, as well as consideration
of ecosystem connectivity. The extension and delimitation of the
exclusive economic zone, or the jurisdiction of a state in a federal
system, is not necessarily consistent with ecosystem connectivity.
In the MEBM cases studied here there is a distinction between
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coastal zone management and offshore management. In Norway
the marine management plans cover the offshore area from the
base line and outward.

In Australia the bioregional plans cover the Commonwealth
waters, i.e. from 3 to 200 nautical miles. The Australian system
covers a large ocean areas of an island continente and is the largest
marine planned area. The federal marine planning system in the US
includes the coastal zone and offshore waters, and the Canadian
similarly the planning system includes the same area. The state
management plans in the US and the regional planning initiatives
in Canada the MaPP must be seen in relation to regional marine
planning.

A system based on large marine ecosystems have been devel-
oped for management purposes, it is a system not based on juris-
dictional boundaries (Sherman, 2014). Applying such a system
would require nations to work across jurisdictional boundaries. In
the cases studied here the place-management naturally are
confined to the jurisdictional boundaries in each case. The Euro-
pean Union system for a marine strategy and marine spatial plan-
ning directive are important in unifying the jurisdictional
boundaries of the member state countries (Anonymous, 2008b,
2014a). Both the marine strategy framework directive and the
marine spatial planning directive encourage cooperationwith non-
member states (Anonymous, 2008b, 2014a). Both United Nations
Convention on the Law of the Sea (UNCLOS) and the Convention on
Biological Diversity (CBD) also contain encouragement for states to
cooperate across administrative boundaries.

The Norwegian integrated management plans build on identi-
fication of “particularly valuable and vulnerable areas”. They are
identified with a spatial extension in the plan and mapped with
adhering guidelines for human activity in these areas. These are
areas that have an important ecological functions for biodiversity,
such as spawning grounds or coral habitats (Anonymous, 2003,
2008c, 2012b). In addition to these areas there are identification
of petroleum areas with restrictions and areas opened for petro-
leum activity. The plan itself is not a legal instrument that can grant
or reject applications for petroleum activity. The function of the
plan is to ensure a predictable and foreseeable understanding of the
ocean area. It is a plan that is approved by the Norwegian national
assembly, and is valid until it is reviewed by the national assembly.
In practice, licences for petroleum activity must be applied ac-
cording to sector law, but an application must take into account the
integrated management plan. In all the management areas traffic
separation schemes for large shipping vessels have been intro-
duced. This cannot be mandated by spatial measures in the plan,
but has to follow international application procedures for approval
by the International Maritime Organisation. The intention of the
integrated management plans has not been to replace sector laws,
but instead coordinate sector decisions and make a framework for
general sea use and protection that has to be taken into account by
the different maritime sectors.

In 2005, the Canadian “Oceans Action Plan” identified five large
ocean management areas (Anonymous, 2005a). Integrated man-
agement was to be developed in five priority areas: 1) Placentia Bay
and the Grand Banks, 2) The Eastern Scotian Shelf, 3) The Gulf of St.
Lawrence, 4) The Beaufort Sea and 5) The Pacific North Coast. The
Eastern Scotian-shelf Integrated Management Plan (ESSIM) was the
first plan to be completed in 2007. The planwas completed, but not
formally endorsed according to the Canadian Oceans Act, section 32
(Anonymous, 1996, 2013f: pp. 16e17). Also three other strategic
plans have been completed: The Beaufort Sea Integrated Ocean
Management Plan, Placentia Bay/Grand Banks Integrated Man-
agement Plan 2012e2017 and the Gulf of St. Lawrence Integrated
Management Plan. In Canada the focus has been on developing
strategic plans for the five priority large ocean management areas.
In the plan for the Eastern Scotian-shelf an objective-based man-
agement framework is applied (Anonymous, 2007a). The plan does
not apply area zoning, but rather uses goals, strategies and actions
for ecosystem management in the planning area. Ecologically and
biologically significant areas (EBSA) are identified in the plans. The
Pacific North Management Plan has not yet been completed
(Anonymous, 2014b). The Canadian government has been criticized
for not fully implementing the intentions of the Oceans Act (Bailey
et al., 2016). In linewith the ideas developed in the PNCIMA process
another regional initiative has developed. The Marine Planning
Partnership for the North Pacific Coast (MaPP) builds further on the
work performed under PNCIMA. In 2009 Canada started to prepare
a bioregionalization of the ocean area, and left the concept of large
ocean management areas (Anonymous, 2009a). Canada has now
developed a new regional oceans plan for the “Scotian Shelf,
Atlantic Coast and Bay of Fundy” (Anonymous, 2014c, 2014d) based
on bioregions.

The MaPP has been a collaborative process between 18 member
First Nations and the Province of British Columbia. The construction
of the MaPP process is interesting in light of the plans developed at
the federal level, and also produces new approaches that can be
implemented in the federal integrated oceans and management
programme. Four sub-regional marine plans have so far been
developed and completed (Anonymous, 2015a, 2015b, 2015e,
2015f). The plans are not considered to be having a legal function,
but set guidelines in partnership between 18 member First Nations
and the Province of British Columbia. The plan has a zoning regime
with identification of areas important for biodiversity, general use
and for marine industry. The four sub-regional plans have been
synthesized into a regional action framework for the whole plan-
ning area (Anonymous, 2016a). The plan will only cover the marine
area of the province, and not include federal waters.

The federal plans have a supportive legal framework and pro-
cedure to endorse plans. The MaPP initiative has been developed in
line with the intentions of the Oceans Act, and could potentially be
expanded to the federal level, and further develop a marine
regional plan for the Pacific Coast. The federal plans can take
advantage of the work done in British Columbia and combine
strategy plans with the planning framework developed under the
MaPP. The MaPP does not address the legal competence that be-
longs to federal jurisdiction.

The first generation of Australian plans were not connected to
the EPBC act. They did not have a legal foundation, but was part of
the Australian marine policy as management plans relying on
sectoral laws, setting guidelines for the use of the ocean and
identifying important areas for biodiversity preservation. The sec-
ond generation of Australian plans applies area identification, but is
closely connected to the EPBC act. This means that it is up to the
minister and ministry to decide if a planned project interferes with
key ecological functions or marine biota that is protected under the
EPBC act. In addition the information that is presented in the
Australian plans can be used by actors who plan marine industrial
activity to judge if a referral is needed. This is the spatial function of
the Australian plan. In the underlying material of the Australian
plans there is a lot of spatial information on key ecological features
and on habitats for species. In addition there is a full review at the
species group level. This is combined with a pressure analysis and a
judgement of likeliness for initiating a referral procedure under the
EPBC act in connectionwith planned activity. The plan itself is not a
legal instrument.

The state plans of Massachusetts and Rhode Island are con-
cerned with siting renewable offshore energy area in balance with
both ecology and other users of the ocean. The Massachusetts
Ocean Plan use a similar strategy to declare “Multi-user Area” and
“directs new development away from both critical marine
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ecosystem components e special, sensitive or unique (SSU) re-
sources e and areas important for water-dependent uses that were
identified and mapped in the planning process”. The Rhode Island
Plan applies MSP explicitly as an approach to implement
ecosystem-based management (Boehnert, 2013).

Several of the European Union member states have developed
marine spatial planning ahead of the marine spatial planning
directive. In this article it is the overarching framework for Euro-
pean marine governance that has been in focus. Individual member
countries must comply with these directives.

Spatial measures can have different character and different
enforcement. The strongest spatial measurement is zones that can
be connected to legal enforcement, for instance if an area is treated
with specific protection measures. On the other scale would be
measures that are objective oriented, andwhich set general goals to
be reached for thewhole planning area. Between these outer points
would be the use of spatial categories without any legal enforce-
ment, but where there are political and user agreement on use and
protection of the area. In the cases researched here the majority of
the plans apply spatial measures that function as guidelines. The
role of zoning and spatial measurements contribute to the differ-
ence between cases researched here (Fig. 3). On one end the Ca-
nadian first generation plans have objectives connected to the
whole area or specific areas. In the Norwegian plan there is a zoning
framework for petroleum industry in relation to vulnerable areas,
which is considered to have an important ecological function. The
industry framework is politically approved, and thus also differing
from the advisory and regulatory plans. However, a political
approved industrial framework has a short horizon and might be
more prone to changes. In the EU legislation there is a detailed list
of areas that ought to be mapped and considered. In the Australia
plans areas that have either a geological, physical, biological or
cultural value is identified. In the US there is a clear zoning of spatial
areas. The state plans have a regulatory function, which differs from
the other plans here being advisory in function. The exception is the
regional plans of the US, and the function of the plan is advisory.

So far we have discussed spatial measures as part of the man-
agement plan. Other spatial measures can be attributed with a
more formalized legal protection status, e.g. marine protected areas
(MPA). In Norway a network of MPAs has been planned separately
from the marine offshore management plans. In Australia, Canada
and EU a network of marine protected areas are seen as part of the
MEBM process (Anonymous, 2008b, 2014d; Petrachenko and
Addison, 2015). In Australia the creation of the world largest MPA
network spurred a political conflict that resulted in a scientific and
a bioregional advisory panel review (Beeton et al., 2016). The re-
views largely supported the decisions and zoning made when
establishing the network of marine reserves. In the US MPAs have
been planned ahead of the introduction of MEBM (Anonymous,
2000). It is important to underline the synergy between MPAs
and MEBM (Spalding et al., 2013). The differences in approach to
assigning MPAs in relation to MEBM also contribute to explain the
different groups (Fig. 3).

4.3. MEBM, multiple use and cumulative load

Jones et al. (2016) observe e based on cases from Europe e that
there is a tendency that integration is interpreted as user integra-
tion ahead of environmental priorities. Relevant to this observation
is how MEBM, multiple use and cumulative load are applied in the
cases researched here? As we have seen, the theoretical literature
argues for scoping, mapping and prioritizing among different user
interests. MEBM aims at targeting the main human use and human
impacts on the ecosystem, and attempts balancing between use
and protection, finding solutions for coexistence or recommend
application of best available technology. Another intention is to
map the ecological values of the planning area. The plans analysed
here build on extensive research knowledge on the areas. All of the
marine plans examined here addresses the question of cumulative
load (Fig. 3).

The cumulative load principle is viewed as one of the key
principles of ecosystem-basedmanagement. The cumulative load is
evaluated towards properties of the ecosystem. The challenge is to
point at which factors cause alone or in combination with other
factors the most severe impacts. What type of factors constitute a
critical impact, and in which manner? Some impacts create cas-
cades through the food web by bioaccumulation, physical in-
stallations at sea in relation to predatory behaviour by species, in
rare cases extinction of a whole species group due to over-
harvesting, and other factors impact at the genetic level or the
physiology of species (Cleasby et al., 2015). The challenge is to be
able to identify the extent, degree and consequences of human
activities that impact species and habitats negatively, and be able to
systematically apply this knowledge to make management de-
cisions in a sound manner. Halpern et al. (2007) has devised a
method to systematically rank and organise an overview of marine
threats that ought to be considered in MEBM. This approach has
been suggested to model overlapping human activity at sea in
relation to ecosystem function. The results from this analysis can be
used to mitigate conflicting interest and reduce human impacts on
certain parts of the ecosystem, and it can be applied to inform
planning and management.

Other approaches to assess cumulative pressures includes In-
tegrated Ecosystem Assessment (IEA), pressure analysis (dPSIR),
evolutionary impact assessment, integrated ecosystem-based risk
assessment and network analysis between human use and food
webs (Jonge et al., 2012; Judd et al., 2015; Kelly et al., 2014; Laugen
et al., 2014; Levin et al., 2009).

Themodel of human impacts developed by Halpern et al. (2008)
has been used in the Baltic Sea, and for the offshore area off Mas-
sachusetts ((Korpinen et al., 2012; White et al., 2012)). These
methods have especially been targeted towards ecosystem-based
management and the application of MSP, but also objectives-
based MEBM can apply this method. In the Australian bioregional
marine plans pressure analysis are used. The International Council
for the Exploration of the Sea (ICES) has developed Integrated
Ecosystem Assessment as a method, in cooperation with the Na-
tional Oceanic and Atmospheric Administration, who has applied
this method to federal plans.

In all the cases researched here a balancing between use and
protection are performed. Critical and vulnerable habitats are
identified according to current knowledge. But still assessing cu-
mulative impacts offer challenges. In the theoretical literature cu-
mulative impacts have been emphasized and methods suggested,
but still there are few traces of these methods in current practice.

The Norwegian plans applied a combination of quantitative and
qualitative knowledge to make judgments on cumulative load and
risk of petroleum accidents. Olsen et al. (2016) contributes with
important insights for MEBMwhen there are issues of risk involved
in the assessment and the question of allocating petroleum activity
in vulnerable areas. An important insight from their research is that
scientific disagreement and the value-laden nature of the question
should be made visible in the planning process.

Sectoral management must also be ecosystem oriented in their
practices. For instance a review of 1200 fish stocks world wide
showed that only 24 of them considered ecosystem drivers in
tactical management (Skern-Mauritzen et al., 2015). Skern-
Mauritzen et al. (2015) notes that fisheries management still is
predominantly single species oriented. HMR must relate to already
existing practices and sectoral effort, and attempt to transform
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these to sustainable practices. Sectoral efforts to implement MEBM
therefore becomes important for the design of HMR.

4.4. Metrics

The “health” analogy is frequently used in theory regarding
metrics for holistic management. In the Norwegian system in-
dicators are divided into three types: “status, impact and effect of
the impact” (Anonymous, 2012a). Indicators are usually imple-
mented in a monitoring system for establishing long-time sur-
veillance of the environment, to have indicators that can be easily
communicated to decision makers, use the indicators as the basis
for deciding management actions, and to judge if the goals of the
management plan have been reached. Indicators can also be used as
part of adaptive management. Metrics in the form of indicators are
used to assess “ecosystem status”. Elements of the ecosystem are
used to infer knowledge about the component itself, but also about
the environment were the organism is living. Some heavy metals
occur in the benthic environment with natural concentrations, but
can also be found at enriched levels due to release from human
activity either at land or at sea. The metrics are important for
evaluating the outcome of the marine planning, but also to be able
to have information on environmental changes due to natural os-
cillations or other human forcing outside of the selected manage-
ment site or human pressures inside the management area. In a
management context a change in an indicator, for instance the level
of pollutants, should give information to act if the source is known.
In the cases studied here metrics are used as part of the manage-
ment system.

In the Norwegian systemwe find an indicator system consisting
of ocean climate, phytoplankton, zooplankton, fish, seabird, sea
mammals, benthic trawl catch, human pressures (pollution and
harvesting). It is argued that the North Sea is heavier influenced by
human activity than the Norwegian Sea and the Barents Sea,
therefore also the situation is more complex and there is need for
more complex variables. In the North Sea Plan there were sug-
gested 13 indicators connected to sectoral activities. The draft for an
Australian ecological indicator system, descriptors and indicators
for the EUmarine strategy framework directive, the CanadianMaPP
proposal for potential indicators and the Norwegian system share
many similarities in the approach to marine indicators.

The indicator report for the North Sea pinpoint: “they are
incomplete in relation to life cycles, energy and nutrients cycles. The
gaps are large within microbial societies, pathogens and parasites,
pelagic invertebrates and organic decomposers. It is not planned to
monitor this because of lack of technology and lack of knowledge. It is a
need for new development to understand processes in the ecosystem”

(Anonymous, 2012a).
In the Canadian system, indicators were developed for five large

ocean management areas. The EU system differs a bit from the
other systems. It contains for example biodiversity as a general
descriptor. In addition, it also contains food web structures as a
descriptor, by including all marine elements that there currently is
knowledge about. Even if some of the regional seas conventions
have developed their own indicator system, such as under the
OSPAR and the Baltic Marine Environment Protection Commission
(Helcom), there are differences in the layout of the EU system. The
main descriptors in the marine strategy framework directive are
expressions for human pressures (Anonymous, 2008b). A recent
review of the EU system suggests that there exists a lot of overlap,
and that it is possible to simplify the metrics (Berg et al., 2015).

The use of indicators tomeasure the state of the ecosystem has a
central part in the theoretical literature. The use of ecosystem
services has also been put forward as a way of measuring the hu-
man impact on themarine environment. In linewith the theoretical
literature most of the cases during the policy phase had the
intention of developing metrics. Currently very few of the cases
studied here have functional metrics, but in several of the cases
there are development projects under way to implement such
metrics as part of the plan. The Norwegian and EU case has pro-
gressed furthest when it comes to applying indicators (Fig. 3).

It should be made sure that MEBM is consistent and possible to
evaluate. International guidelines and recommendations in the
field ought to be followed in constructing and making sure that
MEBM can be evaluated. Metrics are an important mechanism in
MEBM for evaluating performance, coordination, integration and
track the environmental state of the planning area.

5. Conclusions

In this article different aspects of similarities and differences in
holistic marine management has been discussed. Recommenda-
tions on MEBM have been suggested based on a comparative
analysis and the theoretical literature on MEBM. Future research
ought to explore the connection between plan and implementation
of metrics, i.e. ecological and societal indicators, evaluation of goals
and setting targets, and the role of sectoral approaches to MEBM.
Most of the plans are given a function as advisory for planned ac-
tivities. Stronger regulatory mechanisms ought to be considered
when constructing HMR. Policies have a high degree of similarity
when constructing HMR, but implementation challenges are
related to lack of functional metrics, weak spatial measures, weak
integration and lack of adaptive management. Improving these
aspects can strengthen the path to sustainable ocean management.

MEBM is still an important step forward to enhance sustainable
management of the ocean. It is also a promising approach offering a
solution to challenges that requires integration. Currently MEBM is
concentrated on initiatives dealing with planning areas limited by
the exclusive economic zones. This is a valuable start that can be
expanded to larger areas as knowledge and experience are gained.
There is a need for more international cooperation in line with the
CBD and UNCLOS, since they refer to the cooperation between
countries on preserving marine biological diversity. There is also a
need to address areas beyond national jurisdiction to a higher
extent, and across borders through bilateral cooperation. A
recommendation would be to negotiate a cooperative framework
for MEBM at the UN level.
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