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The need to implement an ecosystem-based fisheries management (EBFM) is

enshrined in numerous regulations and strategies, at both global and European

level. In practice, it is challenging to implement EBFM because it requires a

complex evaluation of interlinked management effects and environmental and

climate forcing onmulti-species interactions, habitat status and human activities.

Ecosystem models are one of the most critical research tools to inform EBFM,

because they can integrate a wide variety of data, examine multiple and complex

ecosystem interactions, and can make forecasts based on specific management

scenarios. However, despite clear progress in marine ecosystem modelling,

many models do not address policy goals and targets, which hinders uptake in

policy. In this paper, we review the global and European policies and

implementing bodies which directly or indirectly have a repercussion on the

implementation of EBFM. Moreover, we highlight specific stakeholder needs

related to the implementation of EBFM in European waters, which ecosystem

models could help address. We review the policy commitments that drive these

needs and the concerns raised by stakeholders during a survey and dedicated

workshop. Key topics of concern were effects of climate change; bycatch;

protected areas/fisheries restricted areas; and reducing the impacts of

trawling. Stakeholders also provided specific questions related to these topics

which ecosystem models could help address. Scenario and data results

visualizations, as well as specific barriers in using the results of ecosystem

models for decision-making are also discussed. A close involvement of

stakeholders in scenario development and in designing graphical outputs is
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important, and can help overcome some of the main barriers that can hinder

uptake of models and scenarios, including a lack of understanding of the benefits

and limits of ecosystem models; insufficient involvement and interaction with

stakeholders; and inadequate characterization of uncertainties.
KEYWORDS

ecosystem models, ecosystem-based fisheries management, policy, implementation,
stakeholder needs
1 Introduction

Fishing impacts marine organisms and ecosystems directly and

indirectly (Jennings and Kaiser, 1998), affecting biodiversity,

habitats and food web structure and functions, from local

populations and communities to entire ecosystems (Jackson et al.,

2001). Unsustainable fishing, which has been documented to occur

globally (Pauly et al., 1998; Myers and Worm, 2003), results in

declining catches and exploitation beyond safe biological limits

(Christensen et al., 2003; Froese et al., 2018), and has altered

ecosystem structure and function (Moullec et al., 2023). The

traditional single species fisheries management and single stock

advice neglects explicit multispecies interactions (Vinther et al.,

2004), lacks environmental/climatic forcing and does not implicitly

assess the socioeconomic impact of fishing (Dolan et al., 2016).

Thus, a pressing need for managing fisheries in the context of an

ecosystem (an ecosystem-based fisheries management, EBFM)

emerged with a more systemic and multi-sector perspective.

Applying EBFM requires moving from traditional single-species

management to a more complex approach, which includes

evaluating the interlinked effects of management and

environmental forcing on multi-species interactions, habitat status

and human activities (Garcia, 2003). EBFM has to acknowledge the

effects of fishing on the whole ecosystem, including the human

socio-ecologic system, and it should also help maintain resilient and

sustain ecosystem services in the face of changing climate (Fu

et al., 2013).

Numerous European and global policies require the

implementation of EBFM. For instance, in the EU, the Common

Fisheries Policy (CFP) explicitly states that an “ecosystem-based

approach to fisheries management needs to be implemented” and

both the Marine Strategy Framework Directive (MSFD) and the

Marine Spatial Planning Directive (MSPD) endorse an ecosystem-

based approach to management. Internationally, the UN Food and

Agriculture Organisation (FAO) strongly promotes an ecosystem

approach to fisheries and has produced numerous publications as

guidelines (e.g. Garcia et al., 2003; FAO, 2005; FAO, 2008; Carocci

et al., 2009; Staples and Funge-Smith, 2009). However, in practice

implementation of EBFM requires interdisciplinarity, including

applied science, modelling, and analysis of diverse streams of

information, making it difficult to implement (Townsend et al., 2019).
02
Ecosystem models are a way of representing whole ecological

systems, and are also able to integrate economic and social data

(Heymans et al., 2018; Steenbeek et al., 2021a). They integrate a

wide stream of information that can be used for testing the

ecological, economic and social consequences of implementing

specific management scenarios. These management simulations

can be both retrospective (i.e. hindcasts) or for future scenarios.

Ecosystem models have therefore been highlighted as one of the

most critical research tools to inform EBFM (Townsend et al.,

2019). However, despite clear capability and progress in marine

ecosystem modelling, many models are designed to answer

scientific, not policy questions, which hinders uptake in policy

(Heymans et al., 2018). Ecosystem models that are designed to

address policy questions need to be linked to policy goals and

targets (e.g. Ofir et al., 2022). In order to inform EBFM, it is

therefore important to understand the relevant policy landscape

and the needs of related stakeholders.

One of the principal aims of the EcoScope project (EcoScope,

2021) is to use ecosystem modelling as a tool to assist in the

implementation of EBFM and, within the ecosystem modelling

framework and in parallel with research questions, to co-design the

modelling scenarios with the relevant stakeholders in order to

address policy questions. Ecosystem models will be available

through an interactive platform, allowing users to run modelling

scenarios and obtain easy to understand results. In the frame of the

project, a survey and a foresight workshop were conducted with the

involvement of key stakeholders to understand the main needs,

challenges and barriers in implementing EBFM through the help of

ecosystem modelling.

The aim of this paper is to distil critical policy-related needs

relevant to EBFM, that can be addressed using ecosystem

modelling. To this end, the paper has three main sections: (1) a

review of the global and European policy landscape (including

policies and implementing bodies) which directly or indirectly have

a repercussion on the implementation of EBFM; (2) a review of

stakeholder needs for implementing EBFM with the help of

ecosystem modelling, including a review of the policy

commitments that drive these needs and the concerns raised by

stakeholders during a survey and dedicated workshop; and (3) a

discussion on the main barriers and enablers that hinder or support

the uptake of ecosystem model results in decision making.
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2 EBFM policy landscape

2.1 International policy landscape

Internationally, the United Nation Convention on the Law of

the Sea (UNCLOS) (UN General Assembly, 1982) is the framework

under which all activities in the ocean must be carried out, including

the conservation and sustainable use of marine resources. It sets

limits to various maritime zones (i.e. territorial waters, Exclusive

Economic Zone, continental shelf and high seas) and recognises the

rights of coastal states to control fish harvests in adjacent waters. EU

fishing activities take place under the framework of UNCLOS and

the rights and duties of states with respect to the use of ocean space

and resources are defined therein.

In 1995, UNCLOS was supplemented by the UN Fish Stocks

Agreement (UNFSA) (UN General Assembly, 1995) on highly

migratory and straddling fish stocks. UNFSA establishes a set of

rights and obligations for States to conserve and manage fish stocks

and associated species, as well as to protect biodiversity in the

marine environment. Regional Fisheries Management

Organisations (RFMOs) are the mechanism through which States

should cooperate internationally to fulfil their obligation to manage

and conserve fish stocks in the high seas. RFMOs are made up of

countries that share a practical and/or financial interest in

managing and conserving fish stocks in a particular region. While

some RFMOs have a purely advisory role, most set catch and fishing

effort limits, technical measures and control regulations. Examples

of RFMOs that set fishing regulations are the General Fisheries

Commission for the Mediterranean (GFCM) and the International

Commission for the Conservation of Atlantic Tunas (ICCAT) (see

section 2.2.2 for more details). RFMO member countries must

adopt management measures implemented by RFMOs and must

transpose these measures into law (if not already covered),

applicable to all vessels using their countries flag (Popescu, 2019).

The main UN body relevant for EBFM is the Food and

Agriculture Organisation (FAO), which leads international efforts

to defeat hunger and aims to make fisheries more productive and

sustainable. FAO plays a leading role in international fisheries policy,

including through the Committee of Fisheries (COFI), which review

and address issues and challenges related to fisheries. COFI has

fostered the development and adoption of several binding- and non-

binding agreements, such as the International Plans of Action

(IPOA). These action plans are implemented in close collaboration

with intergovernmental organisations (e.g. CITES, CMS, IUCN and

other NGOs) and include: Reducing Incidental Catch of Seabirds in

Longline Fisheries; Conservation and Management of Sharks;

Management of Fishing Capacity; and Prevent, Deter, and

Eliminate Illegal, Unreported and Unregulated Fishing (IUU)

(FAO, 1999; FAO, 2001). FAO strongly promotes the ecosystem

approach to fisheries, including the application of modelling tools,

and has produced a number of publications on the topic (Garcia et al.,

2003; FAO, 2005; Plagányi, 2007; FAO, 2008; Carocci et al., 2009;

Staples and Funge-Smith, 2009).

The Convention on Biological Diversity (CBD, 1992) is an

international treaty for the conservation and sustainable use of

biological diversity, and for fair and equitable sharing of the
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benefits arising from utilising genetic resources. Member countries

implement CBD objectives through National Biodiversity Strategies

and Action Plans (NBSAPs). The ecosystem approach, adopted as the

primary framework for action since 1995, is a central principle in the

implementation of the CBD. In 2022, the Kunming-Montreal Global

Biodiversity Framework (CBD, 2022) replaced the Aichi Biodiversity

Targets for 2011-2020. This new Global Biodiversity Framework

includes four goals and 23 targets for 2030. The most relevant targets

for EBFM are: having restoration completed or underway on at least

30% of degraded marine and coastal ecosystems (target 2), protecting

at least 30% of coastal areas and the ocean (target 3), and ensuring

that the harvest of wild species is done using an ecosystem-approach,

preventing overexploitation and minimizing impacts on non-target

species and ecosystems (target 5). In March 2023, the UN High Seas

Treaty to protect the ocean in areas beyond national jurisdiction (also

known as the Biodiversity Beyond National Jurisdiction – BBNJ -

agreement) was finalised. This treaty provides the legal framework to

establish large-scale marine protected areas (MPAs) on the high seas,

which will be necessary to meet the global commitment of the

Kunming-Montreal Global Biodiversity Agreement.

The Bonn Convention on Migratory Species (CMS, 1979) is a

UN treaty for the conservation and sustainable use of migratory

animals and their habitats. CMS brings together the countries

through which migratory species pass and lays the foundation for

internationally coordinated conservation measures. The

arrangements under CMS range from legally binding Agreements

to less-formal instruments, such as Memoranda of Understanding

(MoU). To date, 19 international MoUs and 7 Agreements have

been signed under CMS, of which the following three are

particularly relevant for EBFM: Memorandum of Understanding

on the Conservation of Migratory Sharks (MoU Sharks),

Agreement on the Conservation of Small Cetaceans of the Baltic,

North East Atlantic, Irish and North Seas (ASCOBANS) and

Agreement on the Conservation of Cetaceans of the Black Sea,

Mediterranean Sea and Contiguous Atlantic Area (ACCOBAMS).

The Convention on International Trade in Endangered Species

of Wild Fauna and Flora (CITES, 1973) aims to ensure that

international trade of wild animals and plants does not threaten

the survival of these species in the wild. Although CITES was signed

in 1973, marine species have only recently been included in CITES

Appendices, including several shark and sea cucumber species.

CITES has been criticised for insufficiently regulating marine fish

species, yet it could be a relevant and appropriate instrument for

promoting sound marine fisheries management (Vincent et al.,

2014). To support the implementation of CITES in the fisheries

context, FAO published a handbook in 2020 on implementing

CITES through national fisheries legal framework (Nakamura and

Kuemlangan, 2020) in collaboration with the CITES Secretariat.
2.2 European policy landscape

The European Union (EU) is advancing towards the goal of

managing fisheries under an ecosystem approach (Ramirez-

Monsalve et al., 2021). But similar to the international policy

landscape, there is separation between environmental and
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1 To date, four multiannual management plans have been adopted on: (i)

stocks of cod, herring and sprat in the Baltic Sea (Regulation EU 2016/1139,

2016); (ii) demersal stocks in the North Sea (Regulation EU 2018/973, 2018),

(iii) stocks in Western Waters (Regulation EU 2019/472, 2019), and (iv) stocks

in the western Mediterranean Sea (Regulation EU 2019/1022, 2019).
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fisheries regulations and advisory bodies. This dichotomous policy

landscape has been criticised as an impediment in implementing

EBFM (Ramirez-Monsalve et al., 2021). The following section

provides an overview of this divided EU policy landscape.

2.2.1 Fisheries regulations and advisory bodies
The European Commission (EC), founded in 1958 as the

executive branch of the European Union (EU), promotes the

general interest of the EU by proposing and enforcing legislation

as well as by implementing policies and the EU budget. The EC is

divided into departments (Directorates-General, DGs) that handle a

set of specific responsibilities. The most relevant DGs for EBFM

implementation are the Directorate-General for Maritime Affairs

and Fisheries (DG MARE), the Directorate-General for

Environment (DG ENV), and the Directorate-General for

Research and Innovation (DG RTD). The responsibilities of DG

MARE include to: (i) ensure that the ocean resources are used

sustainably and that coastal communities and the fishing sector

have a prosperous future; (ii) promote maritime policies and

stimulate a sustainable blue economy; and (iii) promote ocean

governance at an international level. DG ENV has the mandate to

protect, preserve and improve Europe’s environment for present

and future generations. It develops and carries out the

Commission’s policies on the environment, including on the

marine environment. DG RTD is responsible for EU policy on

research, science, and innovation, and funds science and research,

including on EBFM, under the EU framework programmes for

research and innovation, of which the most recent is called

Horizon Europe.

The Common Fisheries Policy (CFP) of the EU lays out the

rules for sustainably managing European fishing fleets and

conserving fish stocks. Under the CFP, all European fishing fleets

have equal access to EU waters and fishing grounds, and the EU has

“exclusive competence” for the conservation of marine biological

resources. This means that only the EU is able to legislate and adopt

binding regulations concerning the common fisheries resources.

Member States cannot self-legislate on these matters and the

legislation and regulations implemented by the EU through the

CFP are directly applicable in Member States. The CFP applies to

management of fisheries in EU waters and to international EU

fisheries relations and bilateral fisheries agreements signed with

third party countries (Popescu, 2019). Since its introduction in

1970, the CFP has since been reformed several times. The 1983

reform introduced the “quota” system of catch limits shared among

Member States (i.e., Total Allowable Catches). The 1992 reform

endeavoured to remedy the serious imbalance between fleet

capacity and catch potential, but the measures did not halt

overfishing (Breuer, 2022). The latest 2013 reform (Regulation EU

1380/2013, 2013) introduced the target to achieve exploitation of all

stocks at Maximum Sustainable Yield (MSY) by 2020, and to

implement an ecosystem-based approach to fisheries management

(Regulation EU 1380/2013, article 2). EBFM is defined in this

regulation as: “an integrated approach to managing fisheries

within ecologically meaningful boundaries which seeks to manage

the use of natural resources, taking account of fishing and other

human activities, while preserving both the biological wealth and the
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and functioning of the habitats of the ecosystem affected, by taking

into account the knowledge and uncertainties regarding biotic,

abiotic and human components of ecosystems” (Regulation EU

1380/2013, article 4). The 2013 reform made the adoption of

Multiannual Management Plans (MAPs)1 a priority and these

plans stress the need to implement EBFM. This reform also

introduced landing obligations, fleet capacity ceilings and the

regionalisation of decision-making. The landing obligation,

phased in by 2019, aims to end the practice of discarding fish

back into the sea, and the fleet capacity ceilings aim to ensure a

balance between fishing capacity and fishing opportunities over

time. The regionalisation of decision-making enables Member

States to adopt conservation measures based on joint

recommendations to the EC. Joint recommendations have to be

submitted by all Member States with a management interest in the

area (Reg.1380/2013, article 11) through so-called Member State

Regional Groups (see below for more details). Although the 2013

reform has improved the status of some stocks, it has failed to meet

the goal of ending overfishing by 2020 (Froese et al., 2021).

The latest CFP reform also brought an overhaul of the technical

measures, which had accumulated over time to form a complicated

regulatory structure. The new Technical Measures Regulation

(Regulation EU 2019/1241, 2019) are a set of rules stipulating

how, where and when fishers may fish. These can differ from one

basin to another, in accordance with regional conditions. The

measures include regulations on minimum landing sizes,

minimum mesh sizes, specifications for design and use of gears,

and closed areas and seasons. The technical measures regulation

aims to de-centralise the management of technical features to

the region.

Catch quotas are the main mechanism used to regulate fisheries

in the North East Atlantic. In contrast, the main strategy in the

Mediterranean is the control of fishing effort and setting specific

technical measures (e.g. gear regulation, establishment of a

minimum conservation reference size, and selective closure of

areas and seasons) (Cardinale et al., 2017). In this context, the

Mediterranean Regulation (EC Council Regulation 1967/2006,

2006) provides a set of additional technical measures for the

Mediterranean, including provisions on fisheries restriction in

protected habitats (e.g. prohibition to fish above seagrass beds

with gears that can damage the beds), establishing protected

areas, restricting certain fishing activities (such as explosives and

toxic substances), and establishing minimum mesh sizes and

minimum conservation sizes of marine organisms.

Several actors relevant for EBFM are expected to provide advice

in the EU to ensure that fisheries management measures are

founded on scientific advice (Figure 1). The Scientific, Technical

and Economic Committee for Fisheries (STECF) is a group of
frontiersin.org
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fisheries experts appointed by DG MARE for three years, who

provide advice to the EC on fisheries management. The EC is the

only body which can request advice from STECF and STECF also

provides the EC opinions on its own initiative. The EC can consult

STECF on any matter relating to marine and fisheries biology,

fishing gear technology, fisheries economics, fisheries governance,

ecosystem effects of fisheries, or similar topics. In many cases

STECF will convene an expert working group to carry out

technical analysis and compile an evidence report from which the

STECF plenary can draw its advice. Where necessary, STECF also

consults and collaborates with other bodies (Montana et al., 2020;

Ramirez-Monsalve et al., 2021).

The Joint Research Centre (JRC) is the EC’s science and

knowledge service, which employs scientists to carry out research

to provide independent scientific advice and to support

implementation of EU policy, such as the CFP. The JRC acts as

the secretariat of STECF and coordinates its scientific advice process

by collecting, quality-checking, and analysing the fisheries data

from EU Member States and making them available to STECF.

The International Council for the Exploration of the Sea (ICES)

is a key EC scientific advisory body, which supports the

implementation of the CFP in the North-East Atlantic, North Sea

and Baltic Sea. ICES provides scientific assessments and advice

upon request to the EC and public authorities, including national

governments and Regional Sea Conventions (see section 2.2.2) for

the stocks of the North-East Atlantic and the Baltic Sea on: (i)

fishing quotas or fishing opportunities; (ii) fisheries overviews and

advice on mixed fisheries, multi-species interactions, and by-catch
Frontiers in Marine Science 05
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anthropogenic activities are identified and assessed for each of the

ICES ecoregions. The last two components represent the scientific

basis for ecosystem-based decisions in ICES. ICES advice is

produced through a four-stage framework, of request

formulation, knowledge synthesis, peer review, and advice

production (see ICES, 2020b for more details). The advice is

provided on a client-contractor basis, where the client pays for

the service (Montana et al., 2020; Ramirez-Monsalve et al., 2021).

In the Mediterranean and the Black Sea, scientific stock

assessments and advice are provided by two Regional Fisheries

Management Organisations (RFMOs): The General Fisheries

Commission for the Mediterranean (GFCM), established under

FAO, and the International Commission for the Conservation of

Atlantic Tunas (ICCAT). GCFM’s main objective is to ensure the

conservation and sustainable use of living marine resources in the

Mediterranean and in the Black Sea. GFCM’s Scientific Advisory

Committee of Fisheries (SAC) is responsible for assessing all

commercial species (except for tuna or tuna-like species) in the

Mediterranean and the Black Sea, and providing scientific stock

assessment advice to STECF. Efforts to include EBFM aspects

within the scientific advice provided by SAC are reflected in its

SAC Subcommittee on Marine Environment and Ecosystem

(SCMEE) (e.g. see SCMEE, 2005) to implement EBFM within the

GFCM geographical area. GFCM has also created a series of

working groups to address environmental aspects associated with

fishing, including: impacts on elasmobranch, monk seal, red coral

and sea turtles; minimising impacts of longline fishing on seabirds;
FIGURE 1

EBFM implementation process in the EU, including the decision-making process and the influencing power of the different bodies.
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and implementation of Marine Strategy Framework Directive

(MSFD) indicators, MPAs, and vulnerable marine ecosystems

(Ramirez-Monsalve et al., 2021).

The International Commission for the Conservation of Atlantic

Tunas (ICCAT) compiles fisheries statistics from its members and

other entities, coordinates research, including stock assessments

and develops scientific-based management advice. Scientific

assessments of all tuna or tuna-like species in EU waters is

provided to STECF by the Standing Committee on Research and

Statistics (SCRS) of ICCAT. ICCAT has been developing the

scientific foundations for EBFM since 2005, with a focus on

developing an EBFM understanding and EBFM tools (Ramirez-

Monsalve et al., 2021). ICCAT has also described the status and

trends of selected ecosystem indicators, and has reviewed five tuna

RFMOs in terms of their application of EBFM. However, the

application of the EBFM is still “patchy” in ICCAT, with

challenges relating to the understanding of the EBFM concept

and the requirements for its implementation (Ramirez-Monsalve

et al., 2021).

The two final players in the CFP advisory landscape are

Member States Regional Groups and Advisory Councils, which

since the 2013 CFP reform have been given greater control to

influence fisheries management. Member States Regional Groups

(MSRGs) are EU Member States that are organised by sea basin to

cooperate and submit joint recommendations (e.g., for conservation

measures or multiannual management plans). The joint

recommendation procedure enables Member States with fishing

interests in an area to collaborate for proposing management

measures, such as excluding fishing from an MPA or

implementing seasonal closures. Joint recommendations have to

be accompanied by relevant information, including the rationale of

measures, scientific evidence in support and details on practical

implementation and enforcement. While the EC has the final

decision-making power on whether to adopt the proposed

measures, submitting a joint recommendation is a pre-requisite

for adopting any conservation measures. In practice, this means

that to implement any conservation measure, all Member States

that fish in that area must agree on management measures, which

can take many years and therefore frequently hinders

implementation of effective management measures. Since MSRGs

operate at the scale of regional marine ecosystems and they are the

ones submitting joint recommendations, they are very relevant for

implementing EBFM. However, they have no legal requirements for

transparency and stakeholder involvement, and some MSRGs have

been criticised for not sufficiently integrating the advice provided by

the Advisory Councils (Ramirez-Monsalve et al., 2021).

Advisory Councils (ACs) are stakeholder-led organisations that

provide the EC with recommendations on fisheries management

matters related to the CFP. Each AC has a special focus, for instance

regional seas ACs (e.g. the Mediterranean AC MEDAC, the Baltic

Sea AC BSAC, the Black Sea AC BLSAC, and the North Sea AC

NSAC) and topic-related AC (e.g. Pelagic stocks AC).

Recommendations of ACs include advice on conservation and

socio-economic aspects of management, as well as advice on

simplification of rules. ACs are composed of 60% of fisheries
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environmental organisations and consumer groups. They are

considered an important mechanism for the implementation of

EBFM in Europe, because they provide experienced-based

information and a platform to discuss social, economic and

ecological outcomes for fisheries (Ramirez-Monsalve et al., 2016).

Before 2013, ACs provided their advice directly to the EC, but since

the 2013 CFP reform ACs provide their advice mainly to the

MSRGs (Ramirez-Monsalve et al., 2021).

2.2.2 Environmental and maritime legislation
and bodies

Other than the CFP the marine environmental legislation of the

EU is composed mainly of directives, which are not automatically

applicable to the Member States, but require transposition into

national law. These directives must become law in the Member

States by a certain, specified deadline. Therefore, for each of the

directives mentioned below, equivalent national level legislation

exists in the EU Member States.

The Marine Strategy Framework Directive (MSFD) (Directive

2008/56/EC, 2008) is Europe’s most holistic directive on protecting

the marine environment. After the CFP, it is also the second most

important European Directive in the context of EBFM. The MSFD

was established in 2008 and has the goal of achieving good

environmental status (GES) in European Waters, with an original

deadline of 2020. The MSFD stipulates that GES is to be achieved

through an ecosystem approach to the management of human

activities (article 3). The directive sets out 11 descriptors (Figure 2),

which describe what the environment will look like when GES has

been achieved. Four of these descriptors (D) are directly associated

with EBFM, namely: D1 - biodiversity is maintained; D3 - the

population of commercial fish species is healthy; D4 - elements of

food webs ensure long-term abundance and reproduction; and D6 -

the seafloor integrity ensures functioning of the ecosystem. The

Directive also stipulates that a coherent and representative network

of protected areas must be created. In order to achieve GES, each

Member State is required to develop a national Marine Strategy, i.e.,

a strategy for its marine waters. These Marine Strategies must be

kept up to date and reviewed every six years.

The Water Framework Directive (WFD) (Directive 2000/60/

EC, 2000) is closely linked to the MSFD. It sets the goal of achieving

Good Ecological Status (GecS, Figure 3) and Good Chemical Status,

for all EU surface and groundwaters. The WFD applies to rivers,

lakes, estuaries, groundwater, and coastal marine waters. For the

marine environment, the WFD specifically covers marine territorial

waters (12 nautical miles) for aspects of chemical quality, and

marine coastal waters (up to 1 nautical mile) for aspects of

ecological quality. Similar to the MSFD, Member states prepare

River Basin Management Plans that require the implementation of

measures to contribute to the achievement of Good Ecological

Status and Good Chemical Status of water bodies by 2027. These

plans are implemented and reviewed on a six-year cycle. The

actions taken in these plans aim to reduce marine pollution from

land-based sources and to protect ecosystems in coastal and

estuarine waters, which are vital habitats for many marine species.
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The Birds Directive and Habitats Directive aim to achieve

Favourable Conservation Status (Figure 3) of habitats and species

listed in the directives. This includes all seabird species that occur in

the EU (under the Birds Directive, Directive 2009/147/EC, 2009)

and the habitats and species listed in the Habitats Directives

(Council Directive 92/43/EEC, 1992), including nine broad

marine habitats, all cetaceans and several marine turtle species.

To protect these species and habitats Member States must

designates Special Protection Areas (SPAs) (for birds) and Sites of

Community Importance (SCIs)/Special Areas of Conservation

(SACs) (for species and habitats listed in the Habitats Directive).

The SPAs designated under the Birds Directive and the SCIs and

SACs designated under the Habitats Directive together make up the

Natura 2000 network. The Natura 2000 network includes more

than 3,000 marine Natura 2000 sites, which cover almost 10% of the
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EU marine area (European Commission, 2018). Reporting under

the Habitats and Birds Directives requires Member States to

monitor the habitats and species listed in the Annexes and send

reports to the Commission every six years.

ASCOBANS and ACCOBAMS are agreements under the

Convention on Migratory Species (CMS, see section 2.1), for the

protection of small cetaceans, such as dolphins and porpoises.

ASCOBANS promotes cooperation between countries to achieve

a favourable conservation status of small cetaceans in the Baltic,

North-East Atlantic, Irish and North Seas, while ACCOBAMS does

the same in the Black Sea, Mediterranean Sea, and contiguous

Atlantic area. These agreements link to the need of strictly

protecting cetaceans in the EU to achieve and maintain a

“favourable conservation status” as prescribed in the

Habitats Directive.
FIGURE 2

The 11 qualitative descriptors for determining good environmental status as presented in the MSFD (Directive 2008/56/EC). Credit: OSPAR
Commission (2017).
FIGURE 3

Ecosystem status classification according to the Marine Strategy Framework Directive (MSFD), the Water Framework Directive (WFD), and the Birds
and Habitats Directives. GES, Good Environmental Status; GEcS, Good Ecological Status; FCS, Favourable Conservation Status. Image redrawn after
European Commission (2022).
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The Marine Spatial Planning Directive (MSPD) (Directive

2014/89/EU, 2014) was adopted as part of the Integrated

Maritime Policy (IMP) and establishes a common framework for

maritime spatial planning in the EU. The directive places the legal

requirement for all EU Member States with coastal seas to develop

and implement Marine Spatial Plans by 2021. The MSPD aims to

promote the sustainable development and co-existence of maritime

activities and to balance this development with the need to protect

the marine environment. The MSPD requires that an ecosystem-

based approach is implemented, and that the collective pressure of

all activities must be kept within levels compatible with achieving

Good Environmental Status (Dir. 2014/89/EU, preamble).

Moreover, Member States shall consider economic, social, and

environmental aspects when developing their Marine Spatial

Plans (Dir. 2014/89/EU, article 5). To promote the ecosystem-

based approach to marine spatial planning, the EC has prepared a

guidance for its implementation (Ruskule et al., 2021).

The final players in the European marine environmental

landscape are the Regional Sea Conventions (RSCs). RSCs are

intergovernmental organisations that aim to protect the marine

environment and bring together Member States and neighbouring

countries that share marine waters to coordinate the implementation

of legal requirements of EU marine environmental policies

(particularly the MSFD). The RSCs provide a platform to improve

regional and cross-regional coherence of national implementation

and use the ecosystem approach as a guiding principle. RSCs are

relevant for EBFM because they oversee environmental action in

regional marine ecosystems. However, their mandate does not

include fisheries, and thus their advice is not fully integrated in

the EU EBFM advice landscape and mostly arrives through different

channels (Ramirez-Monsalve et al., 2021). In Europe, the four RSCs

are: the Oslo-Paris Convention for the Protection of the Marine

Environment in the North-East Atlantic (OSPAR Convention)

implemented by the OSPAR Commission (OSPAR, 1992), the

Convention for the Protection of the Marine Environment in the

Baltic Sea Area (Helsinki Convention) implemented by the Baltic

Marine Environment Protection Commission or HELCOM

(HELCOM, 1992), the Barcelona Convention for the

Mediterranean Sea, implemented by the United Nations

Environmental Program Mediterranean Action Plan (UNEP-MAP,

1995), and the Bucharest Convention for the Black Sea, implemented

by the Black Sea Commission (Black Sea Commission, 1992). The

main objective of these RSCs is to preserve the marine environment

by, for instance, tackling biodiversity loss, reducing pollution and

setting up networks of MPAs. Their actions has resulted in a number

of improvements in the regional seas (e.g. HELCOM, 2021).

2.2.3 Overarching recent EU strategies
The European Green Deal (COM/2019/6 final, 2019) aims to

reach zero net emissions of greenhouse gases in the EU by 2050 and

to protect, conserve, and enhance EU’s environment, among others.

To reach climate neutrality by 2050, the EC adopted a new

European Climate Law (Regulation EU 2021/1119, 2021) in 2021,

which sets the target of reducing net greenhouse gas emissions by at

least 55% by 2030 compared to 1990 levels and achieving climate

neutrality (i.e. net-zero greenhouse gas emissions) by 2050. The
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EU’s blue economy is fundamental to meeting the objectives of the

EU Green Deal. To fully embed the blue economy into the Green

Deal, the Commission adopted in 2021 a new approach for a

Sustainable Blue Economy, the Sustainable Blue Economy

Strategy (European Commission, 2021). This agenda aims to put

sustainability at the forefront (i.e. transition from “Blue Growth” to

“Sustainable Blue Economy”) and stresses the importance of

applying an ecosystem-based management approach to human

activities (including fisheries, renewable energy and marine

spatial planning).

The EUBiodiversity Strategy 2030 (COM/2020/380 final, 2020) is

a core part of the European Green Deal. The strategy is a holistic and

long-term plan to protect nature and reverse the degradation of

ecosystems, and was a precursor to several of the commitments made

under the 2022 Kunming-Montreal CBD Global Biodiversity

Framework (see section 2.1). A core commitment under the

Biodiversity Strategy is the expansion of protected areas to cover

30% of land and 30% of the sea. Moreover, one third of these

protected areas, i.e., 10% on land and 10% at sea, must be strictly

protected. Strict protection is defined as leaving natural processes

essentially undisturbed to respect the areas’ ecological requirements.

The Biodiversity Strategy also sets ambitious restoration targets,

including the development of a new Nature Restoration Law

(COM(2022) 304 final, 2022), which, if approved, will require

Member States to cover at least 20% of the EU’s land and sea areas

with nature restoration measures by 2030, and eventually extend

these to all ecosystems in need of restoration by 2050. The measures

adopted under the Biodiversity Strategy and the Nature Restoration

Law aim to strengthen the protection of the marine ecosystems and to

restore them to achieve GES. The Biodiversity Strategy also stresses

the need for an ecosystem-based approach to the management of

human activities at sea. For fisheries, it sets the targets to maintain or

reduce fishing mortality to or under MSY levels; eliminate or reduce

bycatch, particularly for sea mammals, turtles and birds that are

threatened with extinction or in bad status; and to tackle practices

that damage the seabed. In line with these commitments and as part

of the Biodiversity Strategy, the EC recently published a new Action

Plan to protect and restore marine ecosystems for sustainable and

resilient fisheries (Action Plan for fisheries) (European Commission,

2023). The plan sets out concrete measures that Member States have

to implement to achieve the objectives of (i) keeping fish stocks at

sustainable levels; (ii) reducing the impact of fishing on the seabed;

and (iii) minimising fisheries impacts on sensitive species. The

measures include to gradually phase out mobile fishing in protected

areas by 2030; adopt national measures or submit joint

recommendations to minimise by-catch on selected species

(including harbour porpoise, common dolphin, and several shark

and ray species); and develop threshold for maximum allowable

mortality rate for species that are at risk of incidental by-catch in the

corresponding regions (including species of birds, mammals,

reptiles and non-commercially-exploited species of fish and

cephalopods) and adopting management measures to implement

these thresholds. By 2024, the Commission will review the progress in

implementing the Biodiversity Strategy and the Action Plan and will

evaluate whether further actions, such as legislative proposals,

are needed.
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The main EBFM-relevant international and European policies

and bodies presented in this review are pictured in Figures 4, 5.

Figure 4 shows their foundation or implementation year and

Figure 5 provides a summary of the landscape showing

interlinkages, main objectives and relevance of the different

legislations, strategies and conventions to EBFM in Europe.
3 Stakeholder needs to
implement EBFM

3.1 Policy needs that can be addressed
with ecosystem models

As seen in the review, the need to implement an ecosystem-

based approach is enshrined in numerous policies and strategies,

and various directives, strategies and bodies contribute to its

implementation. The following sections will discuss specific

EBFM needs that arise from some of the directives described

above, which ecosystem modelling can help address (see Table 1

for a summary). While “ecosystem model” is a broad term, in this

document the use of ecosystem model refers to temporally and/or

spatially dynamic models that simulate the marine food-web or the

entire ecosystem by incorporating physical, chemical and biological

(i.e. food web) processes under influence of natural and

anthropogenic stressors (Figure 6). Because models can differ in

their structures and functioning, not all ecosystem models can

address all EBFM policy needs equally. For example, not all

ecosystem models can address spatial issues, such as MPAs, and

species interactions in the models can be based on functional

groups, trophic levels or size classes, making MSY hard to

address. For a comprehensive overview and assessment of what
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different ecosystem models can be used for see Chust et al. (2022)

and Craig and Link (2023).

The current CFP regulation observes that an EBFM needs to be

implemented, and this requires advice on biotic, abiotic, social and

economic components (Ramirez-Monsalve et al., 2021). In order to

be able to provide sound advice and implement an EBFM, the

following needs have been identified by the EC (European

Commission, 2008). First, there is a need for long-term

predictions. This is because multiple and often conflicting

interests need to be reconciled in the process. While there may be

short-term contradictions between social and ecological objectives,

such contradictions largely disappear in the long-term, making

long-term predictions essential. Second, there is a need to include

the effects of climate change in the predictions because it is essential

that fisheries should be conducted in a way which is robust to

environmental change. Exploitation of fish stocks should therefore

always allow for resilience to climate change. Third, there is a need

to base management on the predictions of the diverse ecosystem

effects of fisheries and of management measures, i.e., a need for

predicting the consequences of diverse scenarios. This includes the

description of ecosystems and their structure, processes and

functions using all available knowledge.

The EC’s advice (European Commission, 2008) also elaborates

on several issues that need to be addressed to ensure an EBFM.

These include reducing fishing pressure to MSY; protecting

sensitive species and sensitive habitats; and taking measures to

prevent distortions in the food web and ensure that natural

ecosystem processes are not disrupted [e.g., dependence of

seabird colonies on sand eels for breeding success or the

importance of herring for other predators (Furness, 2002; Read

and Brownstein, 2003)]. Finally, the document highlights the

importance of expanding the current assessment of the status
FIGURE 4

A timeline of the main legislations and bodies that directly or indirectly have a repercussion on implementing EBFM in European seas.
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and trends of fish stocks to include the impact of fishing

on ecosystems.

The 11 descriptors of the MSFD (Figure 2) represent

environmental targets that Member States have to achieve to

attain “Good Environmental Status” or GES. One approach for

testing scenarios that will allow meeting GES is through the

application of ecosystem models. Ecosystem models can be used

to explore the short- and long-term effectiveness of scenarios for

meeting the descriptors relevant to EBFM by: (1) using

biodiversity indices outputs to assess biological diversity; (2)

using traditional fisheries management indices to assess the

health of commercial fish stock populations; (3) assessing the

integrity of food webs; and (4) assessing which areas would be

most suited to implement the upcoming threshold values of

maximum allowable extent of seabed disturbance. The MSFD

report on the first implementation cycle (2012-2017) (COM/

2020/259 final) also points to specific issues that need to be

improved. For instance, the report highlights that EU’s marine

waters are still facing overfishing and unsustainable fishing

pract ices , that there has been a s teep reduct ion of
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elasmobranchs (40% decline) in the Mediterranean Sea, and

that a high proportion of Europe’s seabed (79% of the coastal

seabed and 43% of the shelf/slope) is physically disturbed, mainly

due to bottom trawling.

The Birds Directive and Habitats Directive require the strict

protection of all species listed in Annex I of the Birds Directive

and Annex IV of the Habitats Directives. This includes

numerous seabirds, all cetaceans, as well as five marine turtle

species2. However, several of these strictly protected species are

susceptible to incidental catch. At least 29 seabird species listed

in Annex I of the Birds Directives were found to be susceptible to

bycatch (STECF, 2020), and incidental catch is a high concern

for the strictly protected Harbour porpoise (Phocoena phocoena)

in the Baltic Sea and the Common dolphin (Delphinus delphis) in

the Bay of Biscay. This has led environmental NGOs to request
TABLE 1 Summary of identified EBFM needs that can be addressed through ecosystem modelling, specifically with Ecopath with Ecosim (EwE) and its
spatial component, Ecospace (where relevant).

Identified EBFM need References Can be addressed through
modelling (temporal and/or
spatial component)

MSY
Maintaining fishing pressure at MSY or less; applying
MSY to mixed fisheries

CFP, Biodiversity Strategy; Action Plan for fisheries,
ICES Science Plan

Yes (temporal component)

Incidental by-catch
Identifying areas of highest incidental by-catch and
assessing effects on populations and ecosystems

Birds and Habitats Directive, Biodiversity Strategy,
Action Plan for fisheries, ASCOBANS and ACCOBAMS
Species Action Plans

Yes (temporal and spatial components)

MPAs
Finding the most suitable areas for the 30/10% targets

Biodiversity Strategy, Birds and Habitats Directive,
MSFD, CFP, Action Plan for fisheries, GFCM 2030
Strategy

Yes (temporal and spatial components)

Protecting sensitive/endangered species Defining
maximum allowable mortality, and finding key areas to
protect important life-stages

Birds and Habitats Directive, MSFD, Biodiversity
Strategy, Action Plan for fisheries, GFCM 2030 Strategy

Yes (temporal and spatial components)

Reducing seabed impacts
Selecting the most suitable areas to implement the MSFD
threshold values

MSFD, Biodiversity Strategy, Action Plan for fisheries,
GFCM 2030 Strategy

Yes (temporal and spatial components)

Effects of climate change
Integrating effects in forecasts of management scenarios

CFP, MSFD, Birds and Habitats Directive, Biodiversity
Strategy, Action Plan for fisheries, ICES Science Plan,
GFCM 2030 Strategy

Yes (temporal and spatial components)

Ensuring natural ecosystem processes are not disturbed CFP, MSFD, Birds and Habitats Directive, ACCOBAMS
Conservation Plan for the Common dolphin

Yes (temporal and spatial components)

Marine Spatial Planning MSPD, MSFD, Birds and Habitats Directive, EU
Strategy on Offshore Renewable Energy, Biodiversity
Strategy

Yes (temporal and spatial component)

Long-term predictions of management scenarios CFP, MSFD, Birds and Habitats Directive, Biodiversity
Strategy, Action Plan for fisheries; GFCM 2030 Strategy

Yes (temporal and spatial component)

Biodiversity indicators MSFD, Biodiversity Strategy Yes (temporal and spatial components)

Regionalisation
Regional groups can influence fisheries management
through Advisory Councils and Member States Regional
Groups

CFP No, but ecosystem modellers can engage with
the local stakeholders to co-design relevant
management scenarios
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action3, and the Commission has started Infringement

procedures (European Commission, 2020b), urging the

implicated countries to reduce bycatch. Finding solutions to

significantly reduce incidental catch of strictly protected species

is thus a significant need of the Commission, which has also

asked advice from ICES on this matter (ICES, 2020a). Reporting

under the Habitats and Birds Directives also showed that the

conservation status for most marine habitats and species is either

bad or poor (i.e., unfavourable-bad or unfavourable-inadequate

in the nomenclature of the Directives; see Figure 3) (European

Environmental Agency, 2020), indicating a need for more

efficient conservation measures.

The Biodiversity Strategy 2030 and the EU Action Plan for

fisheries contain specific actions and commitments, which

ecosystem modelling could help inform. For instance, the spatial

component of ecosystem models could help to find the most
3 NGOs call on the EC to take action over huge amounts of cetacean

deaths: https://seas-at-risk.org/press-releases/groups-call-on-the-

european-commission-to-take-action-over-huge-number-of-cetacean-

deaths/
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suitable areas to designate the 30% protection and 10% strict

protection, which is a need of Member States and the

Commission. Similarly, ecosystem modelling can help inform the

Action Plan objectives of developing thresholds for maximum

allowable mortality rate for the species/species groups listed in the

Action Plan and can help to evaluate the effectiveness of new

measures that could be applied to help reduce their incidental by-

catch to a level that allows species recovery and conservation.

Substantially reducing the negative impacts on the seabed,

particularly from bottom-contacting gears is another important

commitment, and ecosystem modelling can provide advice on

which areas would benefit most from a reduction of seabed

impacts, as well as in finding the best trade-offs between

improving seabed integrity versus minimising the resulting

economic impacts on fisheries. Ecosystem models are also well

placed to help meet the Biodiversity Strategy 2030 targets of

maintaining or reducing fishing mortality to or under MSY levels

by helping to inform on the species interactions and trophic

cascading effects of these single species measures on other species

in the ecosystem. Furthermore, the use of ecosystem models allows

testing the likely impact of management measures on fishing

mortality, under environmental variability and change, as has
FIGURE 5

EBFM policy landscape, including interlinkages and main objectives of legislations, conventions and strategies relevant to EBFM in the EU. The CFP is
depicted in the middle as the most relevant European legislation, surrounded by other European environmental directives and strategies (with the
MSFD highlighted in bold because it is the second most relevant legislation for implementing EBFM in the EU). The outer circle represents
international conventions and bodies, which are directly or indirectly linked to the implementation of EBFM in Europe.
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been shown by the work undertaken by Bentley et al. (2021) on

refining fisheries advice with stock-specific ecosystem information.

The Biodiversity Strategy 2030 commitments and targets are key

guiding principles for the EU policy landscape for the next 10 years,

and the temporal and spatial components of ecosystem modelling,

while incorporating ongoing environmental and anthropogenic

changes, could make a significant contribution to help

implementing these goals.

The legally-binding restoration targets for marine ecosystem in

the Nature Restoration Law are another key commitment, which

Member States will have to implement (once the law is approved).

Under this law, Member States will have to put restoration measures

on at least 30% of the area of each habitat type that is not in good

condition by 2030, on at least 60% by 2040, and on at least 90% by

2050. Since the targets also include passive restoration (i.e.,

removing pressures), ecosystem models can inform how best to

meet these targets and the likely timeline for habitat and species

improvement. For the marine environment, restoration measures

have to be put in place in the following habitats: seagrass beds,

macroalgal forests, shellfish beds, maerl beds, sponge, coral and

coralligenous beds, vents and seeps, and soft sediments above 1000

meters of depth (Annex II of the draft regulation), as well as for the

species listed in Annex III of the draft regulation, including many

shark and ray species.

To reach the European Climate Law targets of reducing net

greenhouse gas emissions by at least 55% by 2030 and achieving

climate neutrality by 2050, the EU Strategy on Offshore Renewable

Energy (European Commission, 2020a) sets the targets of

increasing Europe’s offshore wind capacity five-fold by 2030 and

25-fold by 2050. Achieving these targets will require a significant

expansion of Marine Renewable Energy. The spatial component of

ecosystem models used in combination with marine spatial

planning tools will be crucial to help evaluate where best to place
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immediate and longer-term impacts that the placement of these

areas will have on ecosystems and other uses of the ocean.

Finally, strategic research agendas, strategic plans and species

action plans reflect key needs of organisations and partnerships that

are relevant for policy and which ecosystem modelling can help

address. For instance, the ICES Science Plan “Marine ecosystem and

sustainability science for the 2020s and beyond” (ICES, 2019)

presents seven interrelated scientific priorities for ICES, and

identifies the need of “further understanding and operationalising

the EBFM and MSY concept, including their application in mixed,

multispecies and mesopelagic fisheries” and “improving ICES’

capacity to provide ecosystem-based advice”. The GFCM 2030

Strategy (FAO, 2021), provides the most up to date goals and

objectives of GFCM and includes the targets to: (i) provide advice

on alternative management options for key fisheries; (ii) establish

effective area-based measures to reduce impacts on vulnerable

species, sensitive habitats and essential fish habitats and meet

international spatial conservation targets; (iii) determine the

fishing footprint of bottom contact fisheries and their potential

interactions with essential and vulnerable habitats; and (iv)

implement an adaptation strategy to address the potential effects

of climate change and non-indigenous species on fisheries and the

marine environment. The species action plans of ASCOBANS4 and

ACCOBAMS5 include management actions to improve the

conservation status of small cetacean populations and identify

incidental catch as an essential priority for the Harbour porpoise

in the North Sea and the Baltic Sea (ASCOBANS, 2009) and for the

Common dolphin in the North-East Atlantic (ASCOBANS, 2019).
FIGURE 6

The range of interconnected pressures, processes and ecosystem services that complex spatial-temporal marine ecosystem models may consider.
Image from Steenbeek et al., 2021a (CC BY-NC-ND 4.0).
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The species action plans include the following targets: identify the

highest-risk fisheries in terms of activities and spatial extent, include

Harbour porpoise and Common dolphin in ecosystem models

(covering temporal and spatial components), and manage fishing

of small epipelagic fish stocks in a way that the energetic needs of

Common dolphin are accounted for (ACCOBAMS, 2004).
3.2 Stakeholder needs related to
ecosystem modelling reported during a
dedicated survey and workshop

The needs of stakeholders in relation to using ecosystem model

results to inform the implementation of EBFM were further gauged

through a stakeholder survey and a foresight workshop performed

as part of the EcoScope project6. Stakeholders were selected to

represent the main organisations relevant for implementing and

advising on EBFM policies in Europe (see EBFM policy landscape

section), as well as other important European organisations with

interest in EBFM and ecosystem modelling, such as NGOs, fisheries

scientific associations and ocean data aggregators. Representatives

from the following organisations were invited to participate in the

survey and workshop: DGMARE, DG ENV, DG RTD, JRC, GFCM,

STECF, ICES, FAO, the Mediterranean Advisory Council

(MEDAC), the Baltic Sea Advisory Council (BSAC), the North

Sea Advisory Council (NSAC), the European Fisheries and

Aquaculture Research Organizations (EFARO), the Fisheries and

Aquaculture strategic group of DG RTD (SCAR-FISH), the NGOs

World Wide Fund for Nature (WWF), OCEANA and Birdlife, the

European Global Ocean Observing System (EuroGOOS), the

European Marine Observation and Data Network (EMODnet),

and the fisheries organisations Europeche and Low impact fishers

of Europe. All organisations were represented at the workshop,

except for FAO, WWF, EMODnet and the two fisheries

organisations, which were not able to attend. In total, 24

stakeholders participated in the workshop and 18 individuals

responded to the survey. The request to fill in the survey was sent

together with the workshop invitations to all invited stakeholders.

Since the survey was anonymous it was not possible to identify

which organisations participated in the survey, although at least one

individual that was not able to attend the workshop answered the

survey (as indicated by email). It is likely that most of the

individuals attending the workshop also answered the survey and

thus the 18 survey respondents were probably mostly a subset of the

workshop participants.

The aim of the survey was to obtain feedback on (i) the main

EBFM policy commitments, general topics and specific questions

for which stakeholders thought that ecosystem modelling can help

provide answers, (ii) the preferred output format of the ecosystem

model results, and (iii) specific limitations or barriers in using the
6 For more information see EcoScope deliverables D.8.1: Report of

stakeholder survey and D.8.3: Report on First Foresight Workshop: https://

ecoscopium.eu/deliverables

Frontiers in Marine Science 13
results of ecosystem models to advice on or implement EBFM (see

all survey questions in Annex I and a detailed report of the answers

in the EcoScope deliverable D.8.1: Report of stakeholder survey,

footnote 6). The workshop also gauged the ecosystem modelling

needs of these stakeholders, but had a wider and more targeted

focus on informing and discussing the development of the

EcoScope tools directly with the relevant EcoScope consortium

members. The EcoScope tools include EwE ecosystem models for

eight European case study areas, but have also other components,

such as an interactive platform to visualise relevant data and the

results of ecosystem models7 and a scoring system to evaluate the

implications of the different management scenarios8. During the

workshop, the foreseen EcoScope tools were presented in detail and

this was followed by (1) breakout sessions, in which hypothetical

scenarios were used as a starting point to obtain targeted feedback

on the tools, (2) plenary sessions, in which a rapporteur from each

of the breakout rooms reported back on the key messages emerging

from each scenario for the design and outputs of the EcoScope tool,

(3) plenary discussions and (4) ‘deep-dive sessions’, in which topics

that emerged during the workshop meriting more attention were

discussed in more detail in breakout rooms (detailed information

on the methods used during the workshop and the feedback

obtained is provided in the EcoScope deliverable D.8.3: Report on

First Foresight Workshop, footnote 6).

This section will provide a summary of stakeholder needs

reported during the survey and workshop in relation to using

ecosystem models to inform EBFM in Europe. Most of the

relevant feedback was obtained during the survey, because it had

a strong focus on the needs and barriers for using ecosystem models

to inform EBFM implementation, but the workshop also provided

relevant insights, which are included in the summary.

3.2.1 Relevant policy commitments
The key policy commitments, for which stakeholders

indicated that ecosystem modelling can help provide answers

(survey questions 12 and 13, Annex I) were the MSFD, the CFP

and the Biodiversity Strategy 2030. For the MSFD, achieving

Good Environmental Status and descriptors D1 (biodiversity is

maintained), D3 (the population of commercial fish species is

healthy), D4 (elements of food webs ensure long-term abundance

and reproduction) and D6 (the sea floor integrity ensures

functioning of the ecosystem) were highlighted as priorities.

For the CFP, implementing an EBFM, exploiting all stocks at or

below MSY, and establishing fish stock recovery areas were the

highest priorities. For the Biodiversity Strategy 2030,

implementing the protected areas target of 30% protection and

10% strict protection were seen as highly relevant, as well as the

commitments under the Nature Restoration Law and the (at the

moment of the survey) upcoming Action Plan for Fisheries and

the Marine Environment.
7 https://ecoscopium.eu/ecoscope-platform

8 https://ecoscopium.eu/ecoscope-toolbox
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3.2.2 Overarching topics of concern and
specific questions

To identify key topics and questions, which ecosystem

modelling could help address, participants were asked to select

the five most relevant overarching topics out of 14 pre-selected ones

(survey question 13, Annex I). These topics mainly focused on

ecological aspects, except for one topic related to area use, and one

on the profitability of the fisheries (Figure 7). In addition, the survey

respondents were asked to provide specific questions related to

those topics for which they need answers (see question 14 in Annex

I and Table 2 for a summary of the answers).

The most relevant EBFM topics highlighted by the stakeholders

were effects of climate change, bycatch, protected areas/fisheries

restricted areas, and biodiversity indicators. Area use and species

distribution were also ranked quite highly, while few respondents

weighted fisheries profitability, invasive species and fisheries

sustainability indicators strongly (Figure 7). The most highly

ranked topics, as well as the specific questions related to those

topics, for which the respondents indicated that they would like

ecosystem models to help provide answers (Table 2), reflect needs

regarding the implementation of key policy commitments

(see Table 1). Issues related to fishing quotas and protected

areas were related to biological sustainability issues, not socio-

economic aspects. Economic concerns were raised with respect to

trade-offs in area use, and under the topic of “socio-economic

aspects”, while social concerns (such as human well-being and

equity) were not specifically mentioned. The latter might be because

there are no legal requirements in these policies to implement social

aspects, and social aspects generally fall under “socio-economics”,

which tends to focus on economic implications as a proxy for

well-being.

The stakeholders stressed, both during the survey and

workshop, that models need to be tailored to specific issues and

cannot be generic if they are to inform policy implementation.

There was a strong support of having bespoke scenarios run by

experts, which meet the specific needs of stakeholders, and being

involved in the scenario development of ecosystem models was a

key request of the stakeholders.
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3.2.3 Scenario and data results visualisation
The preferred output formats of ecosystem modelling results

were simple plots and summaries, visual spatial graphs and

infographics (as noted both during the survey and workshop). In

addition, workshop participants observed that short-term versus

long-term effects (including seasonal variations), socio-economic

effects, (cumulative) ecological impacts, indirect impacts and

historical values are important information for them. The

workshop participants further indicated that it would be useful to

have indicators on biomass and catches of the target species and

other relevant species, biodiversity indicators, economic indicators

for fishers (e.g. profit) and MSFD-related indicators on e.g.

biodiversity, food webs and sea bottom impact to inform

EBFM implementation.

Overall, two main target audiences were identified by the

workshop participants: (1) stakeholders that want summary

results with simple plots and numbers that are very clear and

easy to understand (e.g. politicians, fishers, etc.), and (2)

stakeholders that need more details and the possibility to dig

further and understand the background (e.g. advisory bodies,

advocacy groups, etc.). Therefore, the participants suggested to

combine simple outputs with the possibility to see more details

and understand how those results came to be.

3.2.4 Limitations or barriers in using the results of
ecosystem models

Although stakeholders were positive about the use of

ecosystem models as a tool for managers in meeting EU policy

requirements, some concerns emerged. The three main barriers

identified during the survey were: reliability of the model’s results,

insufficient data and having enough trust in the model outputs.

There was a general concern about the reliability and realism of

the model and their forecasts, including the accuracy of the

models due to limited understanding of some ecological

processes and data scarcity. Insufficient data and the quality of

input data were key concerns. A lack of data was also seen as one

of the main impediments in implementing an EBFM. Many

stakeholders voiced concerns about model limitations, given the
FIGURE 7

EBFM topics ordered by relevance as voted in a stakeholder survey by 18 respondents, each selecting the 5 most relevant topics. Percent values
represent the percentage of responders voting for a topic with the number of voters given in brackets.
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complexity of ecological systems and questioned if these systems

can be adequately described by models. The respondents also

questioned whether models can properly quantify uncertainty in

a whole ecosystem scenario. Uncertainty, credibility, and

assumptions made were also key concerns expressed in the

workshop. Thus, trust in the models was seen as a key barrier

and, both in the survey and workshop, it was suggested to better

understand and communicate the limitations and uncertainties of

the models to increase trust in them.
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4 Discussion

Using ecosystem models in support of EBFM requires an

understanding of which policy processes and stakeholder needs

could be addressed through ecosystem models (Townsend et al.,

2019). This paper provided a detailed overview of the relevant

policies, related policy commitments and specific questions, which

ecosystem modelling could help address. The stakeholder feedback

reflected the needs identified in the document’s policy analysis.
TABLE 2 EBFM related questions listed by stakeholders during the survey, which ecosystem modelling could help address.

Topic Specific question

Effects of climate change What will be the impacts on fish stocks (e.g. distribution and productivity)?

How will it impact marine species distribution?

How will the distribution of forage fish change and what are the impacts on marine sensitive species (specifically seabirds during
the breeding season)?

Will cumulative changes lead to a regime shift?

Bycatch What are the population impacts of specific incidental bycatch levels on marine sensitive species (e.g. harbour porpoise in the
Baltic and common dolphin in the Bay of Biscay)?

What is the “allowed” incidental bycatch of a protected/sensitive species (and the species that these species depends on) that will
allow recovery or sustaining healthy levels?

What is the incidental bycatch impact of fisheries on the status of protected species (under the Birds and Habitats Directive)
now and in the near future and how can different management scenarios change this?

What are the impacts of bycatch on the ecosystem?

What are the best gear modification options to minimize capture of juveniles/vulnerable species?

Protected areas/fisheries restricted
areas

Which areas, across a certain region, should be protected to harness maximum positive effects?

What are the most valuable ecosystems to designate protected areas and strictly protected areas and how do they overlap with
areas important for fishing (and other uses)?

How would the closure of Bay x to fishery y effect the species diversity/abundance in z years?

Biodiversity indicators What is the threshold of good environmental status for marine biodiversity?

What would be the effect of reductions of “charismatic species” (relevant to MSFD D1)?

What are the best ecosystem based indicators for biodiversity, in relation to the Biodiversity Strategy targets?

Trade-offs between different uses of
marine and coastal areas

What is the effect of reducing trawling (or other fishing techniques) in all marine protected areas versus in x% of a marine area
on (a) economic performance of fisheries and (b) restoring biodiversity?

What are the impacts of closure of x% of bottom trawling?

What are the trade-offs of the impact of preserving seabed habitats or areas of higher sensitive species occurrence (through
“strictly protected” MPAs) vs. impact on economic activities, fishing in particular?

Fishing quotas Which fishing quotas are really sustainable (e.g. considering impacts of climate change, interspecies interactions and ecosystem
resilience to stressors)?

Are current quotas (also FMSY; BMSY) sustainable in an ecosystem context - also in light of future climate change?

What is the fishing mortality that allows a harvested species to develop its role in the ecosystem (e.g. predator prey-interactions,
etc.)?

What is the exploitation rate that ensures that all species in a mixed fishery are maintained at “healthy” levels?

How would x percent reduction in quota of species y change its biomass in z years? Would it cause changes in abundance of
other species?

Invasive species What would be the overall economic and ecological impact of restricting commercial fishery for an already settled invasive
species?

Socio-economic aspects What is the effect of possible management scenarios on medium and long-term profitability of fisheries?
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Effective application and uptake of scenarios and models in policy

and decision-making not only requires understanding the main

topics and questions of interest, but also a close involvement of

policy makers, practitioners and other relevant stakeholders

throughout the entire process of model and scenario development

(IPBES, 2016; Heymans et al., 2018). To this end, the paper also

summarised the main European and international bodies that

influence the implementation of EBFM. This is important

knowledge to identify the relevant stakeholders to co-design the

models and scenarios. A close involvement of relevant stakeholders

throughout the entire process of model and scenario development

was also a specific request of stakeholders participating in the

workshop, and it has been highlighted as one of the most

important recommendations for the update of multispecies

models in fisheries management in a recent paper (Karp

et al., 2023).

A good example of stakeholder involvement is the regional

implementation plan developed for the Balearic Islands in the

framework of the EU Myfish project (Myfish, 2012). This study

was a first step toward the application of an EBFM in the Balearic

Islands by developing a harvest strategy with defined objectives,

targets, limits, and clear management control rules aimed at

optimizing socioeconomic and ecological objectives in the

framework of the CFP. Different management scenarios designed

to achieve that goal were modelled for the main demersal

commercial fisheries from the study area, the bottom trawl and

small-scale fisheries. Throughout the process there was strong

involvement of relevant stakeholders through meetings and

constant feedback. The management scenarios were agreed with

stakeholders, and local stakeholders were involved in how to best

present the model results from the selected management scenarios

(Quetglas et al., 2017). Another example of good, early and often

stakeholder engagement is the WKIRISH work undertaken through

ICES, where the stakeholders requested the use of ecosystem

models, and then were engaged in the construction and valuation

of these models throughout the 3-year process (Bentley et al., 2019a;

Bentley et al., 2019b; Bentley et al., 2021).

Simple plots and summary infographics, which were one of the

preferred outputs of the stakeholders in this study, will be important

for the uptake of complex modelling results by a non-specialist

audience. Data visualisation is a powerful method for improving

communication of complex scientific outputs and well-designed data

visualisations are particularly useful with certain audiences (Bannister

et al., 2021). However, presenting the effects and trade-offs of different

modelled management scenarios in a simple and understandable way

is challenging especially when uncertainty is included, as is

highlighted by Bannister et al. (2021). One way of improving data

visualisation is by using decision support tables (Levontin et al., 2017;

Figure 8). These graphical tables are designed to convey the outcomes

of implementing different modelled management scenarios in a

simple way (Quetglas et al., 2017). In order to inform policy

implementation and management, it is important to design a priori

the decision support tables with a strong involvement of the targeted

stakeholders. This will ensure that the main output variables needed

for their decision-making process are reflected. Moreover, it is also
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important to remember that EBFM stakeholders are not one

homogenic group, and as a result the information they require and

might want to explore varies greatly - as was also highlighted by the

workshop participants. For instance, some stakeholders may want to

see the direct output from the model including quantification of

errors and uncertainty (e.g. scientific advisory bodies), while another

stakeholder might only want to see an infographic or an index value

demonstrating, for example, the percent change in catch or state of

the ecosystem under a certain management scenario (e.g. decision

makers). Therefore, ecosystem model results might need to be

provided at a number of levels, and the involvement of the relevant

stakeholders is key.

An emergent path of research focuses on enabling the operation

of ecosystem models by users that are not ecological experts, but

who require ecological insights in decision making and planning

processes. This can be done explicitly by including indicator

dashboards in ecosystem modelling software (e.g., Coll and

Steenbeek, 2017), or implicitly through integrating ecosystem

models into planning and decision support software tools (e.g.

Santos et al., 2020; Steenbeek et al., 2021b). In this latter pathway,

the integrated ecosystem model responds to planning and decision-

making explorations by providing meaningful data, graphs, maps

and virtual 3D environments related to ecological concerns -

without requiring explicit understanding of the ecosystem

modelling approach used (Steenbeek et al., 2020). This emergent

path of research coincides with unprecedented scientific

developments (Stock et al., 2023) and associated technical

challenges (Steenbeek et al., 2021a).

One of the main barriers in the uptake of ecosystem modelling

results is trust in the models. During the EcoScope survey and

workshop, reliability of model forecasts, insufficient data, model

limitations and uncertainty were the main concerns of stakeholders.

These concerns closely align with insights from previous studies,

which found that communicating model limitations and uncertainty

is vital if the models are to be used in decision-making. Large gaps of

appropriate data was also found to be a significant barrier, because this

will often reduce the statistical power of models and limit their ability

to predict (IPBES, 2016; Heymans et al., 2018; Heymans et al., 2020).

However, when data are lacking or are fragmented ecosystem models

may be the best approach to overcome missing data (Regev et al.,

2023). One way to address this problem might be the inclusion of

stakeholders’ knowledge into the models, as was undertaken in the

WKIRISH project. However, this is a lengthy and ongoing process that

cannot be undertaken in a short period of time. Stakeholder trust is

something that can only be built through long term engagement and

mutual respect (Bentley et al., 2019b).

Uncertainty associated with model outcome is related to a number

of factors ranging from poor model calibration/validation data and

input data, to a lack of information on critical model parameters,

through to unknown futures (Beck, 1987; Gal et al., 2014). These

sources of uncertainty and their impact on decision making have led

to new approaches such as robust decision making under deep

uncertainty (Lempert, 2003). To further increase challenges, model

uncertainty is often poorly evaluated and reported (Steenbeek et al.,

2021a), and this can lead to serious misconceptions regarding the
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confidence level with which results can be used in decision-making

(IPBES, 2016). Reporting uncertainty increases the confidence to use

model outputs for decision-making as well as the credibility of models

(Heymans et al., 2018). Recommendations from the stakeholders

participating in the workshop on how to address and communicate

uncertainty were: (i) using a range of possible values, instead of final

numbers; (ii) focusing on trends, rather than a specific value, as these

are easier to communicate and have less uncertainty; and (iii) labelling

the certainty of the results, rather than the uncertainty. A good
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example for the latter is the IPCC calibrated language, where results

are labelled with “very high confidence “, “high confidence”, “medium

confidence”, “low confidence” and “very low confidence” (IPCC, 2018).

In addition, it was suggested to clearly convey by whom/how the

models had been validated to increase trust in their outputs.

Overall, the main barriers impeding the widespread use of

ecosystem models and scenario testing in decision-making are: (i)

a lack of understanding of the benefits and limits of these tools for

assessment and decision support among decision-makers; (ii)
A

B

FIGURE 8

Examples of visual decision support tables that can be used to communicate ecosystem modelling scenario results in a simple manner. (A) Decision
support table reflecting the model results of different management scenarios for the main commercial bottom trawl fisheries of the Balearic Sea
(Myfish, 2012). (B) Decision support table presented as part of the EcoScope workshop, inspired by the graphics produced by Quetglas et al., 2017
(image credit: Gideon Gal).
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insufficient involvement of, and interactions between, scientists,

stakeholders and policymakers in developing scenarios and models

to assist policy design and implementation; and (iii) inadequate

characterization of uncertainties derived from data constraints,

problems in system understanding and representation or low

system predictability (IPBES, 2016).
5 Conclusion

In conclusion, implementing EBFM is complex due to the many

aspects that have to be considered, such as multi-species

interactions, environmental/climate forcing, habitat status, human

activities and stakeholder acceptance. Ecosystem models are able to

predict the effects of management decisions on some of these

interrelated variables and can therefore make an important

contribution to an effective implementation of EBFM. This paper

provided an overview of the global and European policy

commitments that are driving the implementation of EBFM in

Europe, and associated stakeholder needs relevant to ecosystem

modelling. The most relevant topics were effects of climate change,

bycatch, protected areas/fisheries restricted areas, and reducing the

impacts of trawling. These topics reflect main European policy

commitments, such as the MSFD, the CFP and the Biodiversity

Strategy 2030, with its associated Nature Restoration Law and

Action Plan for Fisheries and the Marine Environment. Uptake of

ecosystem models in policy requires that models address specific

policy needs, such as the ones presented in this paper, and deliver

outputs that are easily interpreted by policy makers and can be

adjusted to the management capabilities and legislation while

communicating the degree of certainty (or uncertainty) in the

model projections. Moreover barriers, such as insufficient trust in

the models, have to be overcome. To ensure the relevance of model

results to policy implementation, it is important that stakeholders

are involved throughout the process of scenario development, and

that the results of the models are presented – in consultation with

the relevant stakeholders – in a way that is understandable to them,

and which allows them to comprehend the limitations of the results.

Specific recommendations on how to increase confidence in using

model outputs for decision-making were to present a range of

values instead of final numbers, focus on trends rather than specific

values, and to label the certainty (e.g. medium confidence) instead

of the uncertainty of the results.
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Annex I – stakeholder survey

Section 1: Context

1. Which category does the organisation you work for belong

to? 1= Policy/Regulatory; 2= Advisory/Scientific; 3= Other

2. Which of the following (if any) inform your work? Please

check only the most relevant (up to 5) 1 = Common Fisheries

Policy; 2 = Marine Strategy Framework Directive; 3 = Habitats and

Birds Directive; 4 = Marine Spatial Planning Directive; 5 = EU

Biodiversity Strategy 2030; 6 = EU Green Deal; 7 = Water

Framework Directive; 8 = Invasive Alien Species Regulation; 9 =

Blue Economy Strategy; 10 = Other

2b. If 10, Please specify __________

3. To what extent do you implement/regulate/advise on

ecosystem-based fisheries management? (Scale: Never/Almost

never, Occasionally, Regularly/Very often)

4. How would you rate your capacity/expertise to implement/

regulate/advise on ecosystem-based fisheries management? (Scale:

Low, Medium, High)

Section 2: Ecosystem-based fisheries management needs

5. What are the main challenges/barriers you face

when implementing/regulating/advising on ecosystem-based

fisheries management? Please list the three most significant

challenges/barriers.

a. _________

b. _________

c. _________

6. What do you foresee will be the main future challenges when

implementing/regulating/advising on ecosystem-based fisheries

management? Please list the three most significant potential

future challenges or risks.

a. _________

b. _________

c. _________

7. In order to better implement/regulate/advise on ecosystem-

based fisheries management, what are the main questions you need

answers to? Please list the three most significant questions.

a. _________

b. _________

c. _________

Section 3: Ecosystem Modelling

Ecosystemmodels can be used to test a wide range of management

scenarios over time and space, and observe the influence of these

decisions on the ecosystem and the Blue Economy. For instance, one

could use the models to address questions such as:

- What would be the impact of a new Fisheries Restricted Area

on the fisher’s catch and the marine ecosystem over the next

5 years?

- How do different Total Allowable Catches influence the

targeted stock population, the wider marine ecosystem and the

fisher’s profitability?

- Which of four potential marine areas would benefit most from

strict protection, and what would be the long-term impact on the

marine ecosystem and the fisher’s catch?
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- What would be the influence of invasive species on the marine

ecosystem, the influence of aquaculture and different placing of

cages, etc.?

This 5 min video illustrates how ecosystem models can be used

as a decision support system in the Israeli Mediterranean.

8. To what extent do you think robust ecosystem modelling

could help to address the most significant questions you identified

in the previous quest ion (Q7)? (Scale : Not at al l , a

little, significantly)

9. Do you foresee any specific limitations or barriers in using the

results of ecosystem models to advise/implement on ecosystem-

based fisheries management? Please specify _________

10. In which specific situations would you use the results

generated by ecosystem modelling in the context of ecosystem-

based fisheries management? Please provide examples _________

11. In what form would the model results be most useful to you

and why? _________

Section 4: Ecosystem modelling and EU policy

12. Do you think ecosystems modelling can help meet existing

EU policy requirements? Please mention specific directives and

requirements within the directives _________

13. Do you think ecosystems modelling can help meet planned

policy requirements (e.g. upcoming action plans, new directives,

etc.)? Please specify _________

Ecosystem modelling needs

14. Which of the following topics are most relevant for you?

Please check the top 5

1 = fishing quotas; 2 = protected areas/fisheries restricted areas;

3 = bycatch; 4 = invasive species; 5 = marine spatial planning; 6 =

effects of climate change; 7 = species distribution; 8 = conservation

status of protected species; 9 = fisheries sustainability indicators; 10

= biodiversity indicators; 11 = fisheries’ profitability indicators; 12 =

species interaction; 13 = trade-offs between different uses of marine

and coastal areas; 14 = others

14b. If 14, Please specify _________

15. From the topics you selected as most relevant for you (Q14),

what specific questions and issues (scenarios) would you like

ecosystem models to help you with? For instance: if bycatch is a

main topic of interest, a specific question could be: what is the effect of

x level of bycatch on a protected species and the wider ecosystem over

the next 5 years. Or iffishing quota is a main topic of interest, a specific

question could be: given projected climate change will current quotas

allow sustaining commercial fish populations in the future? Please list

up to 5 questions you would most like ecosystem models to address.

a. _________

b. _________

c. _________

d. _________

e. _________

Section 5: Other comments

16. Please provide any other comments you may have related to

ecosystem-based fisheries management needs that could be met

with additional data or models. _________

17. Is there anything else you would like to mention? _________
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