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Executive Summary 

The Vision of the Atlantic Ocean Research Alliance Working Group on the Ecosystem 

Approach to Ocean Health and Stressors is to promote research to understand the 

North Atlantic Ocean in support of ecosystem-based management (EBM). The working 

group seeks to advance understanding of the Atlantic Ocean and its dynamic systems 

to improve ocean health, improve ocean stewardship, and promote the sustainable 

management of resources. The management of marine ecosystems is transitioning to-

wards implementation of ecosystem-based management, which offers a more system-

atic and integrated approach than conventional management. EBM is informed by sci-

ence and includes key elements such as connections and linkages between and within 

ecosystems, as well as with social and economic systems. The Working Group is tasked 

with creating a vision and roadmap for an international science plan on research direc-

tions, priorities, synergies, and complementarities in the North Atlantic. 

The achievements of the working group to date include: 

 A joint AORAC-SA and FAO workshop “Making the ecosystem approach op-

erational” 

 An inventory of major Canadian, European, and US research activities 

 Interaction with SponGES and ATLAS H2020 Projects linked to the Galway 

Statement. 

 USA NSF and NASA released 'dear colleague letters' that referred to the Gal-

way Statement 

 Canada announced a range of programmes linked to Galway Statement 

 Canada funded $1.5 Million (CAD) in ship time for 2016 in support of AT-

LAS/SponGES 

 Four published papers in the ICES Journal of marine science linked to the 

working group 

 Transatlantic networking, profiling and funding initiatives, including with JPI-

Oceans 

The main challenges identified relate to organizational issues of difficulty with ex-

change of resources and a lack of shared language and common understanding of con-

cepts across sectors and disciplines. The Working Group has been challenged to have 

better engagement with stakeholders across the broad range of ocean use sectors, and 

is exploring alternative approaches to better conduct such engagement with a range of 

partners. Further scientific challenges include the need for greater collaboration with 

social science, an adequate characterization of governance mandates, and a robust as-

sessment of the effect of scale across sectors, uses, stressors, goods, services, and eco-

system components. EBM will inevitably involve trade-offs and prioritisation of activ-

ities. Understanding risks associated with these activities and capturing cumulative 

effects also remain outstanding challenges. 

To address these challenges, the working group proposes an 8-step roadmap for the 

following 18 months as a means to make progress on the science to support EBM. The 

steps cover development of common language as a basis for collaboration, stakeholder 

engagement, review of governance mandates, linking sectors and ecosystems effects, 

identifying gaps in knowledge and uptake of science, identification of tools for EBM, 

and communication of key research priorities. 
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Key recommendations: 

Description Task 

1. Vocabulary: Establish common 

vocabulary as a basis for collaboration, 

terms and tools 

This will be ongoing, and a sub-working group 

shall be formed to advance the topic. 

Production of common communication 

materials regarding the ecosystem approach 

in a multi-sectoral, multi-stressor, multi-

mandate context will be developed. 

•Periodically updated/maintained glossary; 

ongoing. 

•Communication materials for 

outreach/engagement (2 leaflets/video), 

training (4 sessions), and general use; Q3, 

2017 

2. Stakeholders: Engage all ocean-use 

stakeholders, and cross-pollinate across 

sectors, to ascertain what needs are from 

all stakeholders 

A sub-working group will be formed to develop 

a wide, multi-sector engagement strategy. This 

will be ongoing and integrated as other 

products are developed and catalysed by 

input from other projects such as H2020 ATLAS 

and SponGES (Blue Growth sectors and marine 

biotechnology respectively). Stake-holder 

feedback on the vision and research priorities 

defined by the working group is important and 

further work to engage with sectors is needed. 

•The proposed subgroup on stakeholder 

engagement would provide options and 

proactive approaches for further dialogue 

and consultations with stakeholders. Initial 

Strategy Q3, 2017  

•Development of online surveys, and online 

consultation Q4 2017 

•Improved visualization tools, Q1, 2018 

3. Mandates: Enhance the uptake of 

science for EBM through characterization 

of relevant mandates and governance 

structures; relate them to one another 

and compare across jurisdictions. 

Engage social and political scientists to review 

in a sub-working group, culminating in a 

workshop to synthesize the findings 

•An AORA WG workshop on the major 

mandates that govern marine activities and 

the stressors which can impact ocean 

health. The meeting will identify blocks to the 

incorporation of science into the 

management pro-cess and bring together 

experts that study the systems. The review will 

al-so illustrate potential recommendations to 

improve the take up of science into 

ecosystem-based management. Q3-4, 2017, 

TBD 

4.Link sectors and ecosystem: Characterize all 

ocean-use sectors; characterize stressors, and 

ecosystem characteristics; and relate them to 

one another, as well as mandates above.  

These and many other issues will be addressed 

via correspondence with expanded 

membership from Galway states in a sub-

working group, culminating in a workshop to 

synthesize the findings 

•An AORA WG workshop with researchers on 

social assessment of impacts of ocean 

stressors to explore the research priorities 

underlying the impact of stressors and 

mitigation measures on society. 

Consideration of the ocean stressors and 

ocean health issue in the context of blue 

growth requires engagement with 

researchers from beyond the natural 

sciences, namely social scientists. This 

workshop would facilitate this engagement. 

Q4 2017/Q1 2018, TBD 

5.Identify gaps: Establish means to use existing 

information and identify knowledge gaps and 

support the mechanisms to address them. 

•Leverage vessel coordinator efforts from 

other AORA working groups and funded 

projects to ensure it needs this working group 

•Report on further identification of 

knowledge gaps obtained in steps 3 and 4 

(via online consultation) Q1, 2018 
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•Workshop to identify solutions for over-

coming impediments of bringing science into 

EBM focused on knowledge gaps. Q4, 2017, 

TBD 

6.Tools for EBM: Identify and recommend tools, 

or tools for development and application, to 

address trade-offs across ocean-use sectors 

How to operationalize tools has remained a 

major challenge. How can EBM science 

outputs best be taken up into the various 

governance venues (i.e. management 

processes), or do new venues need to be 

explored. These will be ad-dressed via a series 

of workshops. 

•Improved visualization tools, Q1, 2018 

•An AORA WG workshop on the 

impediments of bringing science into EBM. 

This workshop would use case studies of tools 

and knowledge being successfully applied 

to draw up a best practice guide. This will be 

leveraged with related IMBER efforts. Q2-3, 

2018, TBD 

7.Communication: Establish training and 

communications materials 

To address some of the communication and 

standardization issues, as well as enhance 

networking among AORA working group 

members and provide opportunities for 

professional development, a series of training 

workshops will occur. 

•A formal training course on EBM to be 

organized by AORAC-SA WP4, to describe 

the ecosystem approach in a multi-stressor, 

cumulative effects, multi-scale, mutli-sector, 

multi-jurisdictional context.  Q2, 2018, 

Copenhagen, Denmark 

8.Research Priorities: Synthesise 

recommendations for research priorities to 

implement EBM 

This report will allow for alignment of member 

state research priorities, planning, 

programming, and resource allocation to be 

harmonized and coordinated across the 

north Atlantic ecosystem. On-going; Q2, 

2018. 

 

 



4  | Atlantic Ocean Research Alliance  

 

 

1 Introduction 

The Atlantic Ocean Research Alliance Working Group on the Ecosystem Approach to 

Ocean Health and Stressors and supported by the Atlantic Ocean Research Alliance 

Coordination and Support Action met in Reykjavik, Iceland 23-27 January 2017 to work 

on a report of activities known as the “Golden Paper” and produced this more exten-

sive report focused on developing the theme and road map for future work. 

1.1 The Working Group on the Ecosystem Approach to Ocean Health and Stressors 

Vision: Promote research to understand the North Atlantic Ocean in support of eco-

system-based management (EBM) 

Recognizing that the Atlantic Ocean is a shared resource and responsibility, this work-

ing group seeks to advance our understanding of the Atlantic Ocean and its dynamic 

systems to:  

 improve ocean health 

 improve ocean stewardship 

 promote the sustainable management of its resources 

Working together toward this vision will produce many mutual benefits including: 

- improved environmental and ecosystem assessments 

- improved understanding of stressors, vulnerabilities and risk 

- new tools to achieve EBM objectives such as: 

o increased ecosystem resilience 

o conserve biodiversity 

o manage risk 

o determine social, economic, and environmental priorities 

Following from the 2013 Galway Statement on Atlantic Ocean Cooperation, the Atlan-

tic Ocean Research Alliance Working Group on the Ecosystem Approach to Ocean 

Health and Stressors has been exploring research and science needs and opportunities. 

Sustaining and/or restoring marine ecosystem conditions (i.e. health) requires effective 

management of human activities. It requires consideration of a variety of inter-con-

nected functions of marine ecosystems, the resources they provide, and how human 

activities affect both the ecosystems themselves and the communities that depend on 

them. The management of marine ecosystems is transitioning towards the implemen-

tation of ecosystem approaches (EA)/ecosystem-based management (EBM), which is a 

more systematic and integrated approach than conventional (e.g., single sector or sin-

gle species) approaches (the term EBM will be used throughout the rest of this docu-

ment). Priority is given to supporting sustainable marine resource use, to achieving 

and/or maintaining good environmental status of marine ecosystems, to continuing 

protection and preservation of marine ecosystems, and to preventing subsequent de-

terioration when implementing EBM. Thus it is crucial to ensure the integration of con-

servation objectives, management measures, and monitoring and assessment activities 

that measure ecosystem condition. 

EBM is informed by science and includes key elements such as: connections and link-

ages between and within ecosystems as well as with social and economic systems; cu-

mulative impacts of multiple activities both within and among activities; adaptive 

management strategies; multiple objectives among services or sectors; and trade-off 

evaluations. In essence, this is attempting to understand and characterize the “invisible 
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fabric” of connections among species, physics, processes, and human systems of ma-

rine ecosystems. The intent of implementing EBM is to maintain or enhance ocean 

health by minimizing impacts of stressors on marine ecosystems while recognizing that 

human uses occur. Ocean Health is defined (in the context of the Atlantic Ocean Re-

search Alliance) as the preferred status of the ecosystem structure, function, and resil-

ience with respect to sustainability of conditions, of goods and services taking into ac-

count natural and anthropogenic stressors. We explicitly do not include or plan to ad-

dress public health in the scope of this working group. Ocean Health is influenced by 

a suite of stressors related to natural processes and human uses of the marine environ-

ment. Defining, understanding, and mitigating the impacts of stressors on marine eco-

systems, is critical to supporting resource management needs. Management actions to 

reduce, mitigate or adapt to stressor impacts will need to be coupled to governance 

structures that support incorporation of science into management decisions across 

space and time. 

Evolution and Advancement 

The AORAC-SA efforts build on a 2013 workshop on transatlantic marine and arctic 

cooperation which highlighted that "it is crucial to assess complex effects of multiple 

stressors. To manage these systems following an ecosystem approach requires quanti-

fication of the influence of those multiple stressors and a systems vision of their inter-

actions with natural processes." The workshop concluded there was considerable merit 

in collaborative research on "ecosystem approach for the sustainable use of marine re-

sources". This conclusion and a further workshop in Arlington, USA were influential 

in creating the EU/NSF research programme on the coupled North Atlantic-Arctic sys-

tems. 

With funding from the European Commission's Horizon 2020 programme, work pack-

age 4 of the Atlantic Ocean Research Alliance Coordination and Support Action has 

helped to facilitate the work of the group. Work has been focused on the preparation 

of the vision/science plan on research directions, priorities, synergies and complemen-

tarities. The support action facilitated meetings in January (Copenhagen) and June 

(Brest) 2016, these resulted in a concept note around a number of central related science 

themes (first draft distributed during the Galway Statement Implementation Commit-

tee Meeting of 13 June 2016, Brussels; updated in January 2017 during the meeting in 

Reykjavik). The concept note developed a prevision and definitions of terms associated 

with the working group. 

A workshop was organized in January 2016 by AORAC-SA/FAO on science for opera-

tionalizing the ecosystem approach. The three-day workshop addressed issues that are 

currently challenging the implementation of the ecosystem approach to management 

as it moves from single to multisector. 

During 2016 an outline of necessary steps to advance EBM was developed. At the meet-

ing of the working group on the ecosystem approach to ocean health and stressors held 

in Reykjavik, Iceland (January 2017) these steps were considered and the following 

pages report on the working groups views of the key achievements, challenges, future 

work, and recommendations for the Atlantic cooperation on ecosystem-based manage-

ment. 

http://www.ices.dk/explore-us/projects/Pages/Making-the-ecosystem-approach-operational.aspx
http://www.ices.dk/explore-us/projects/Pages/Making-the-ecosystem-approach-operational.aspx
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2 Review and develop future engagement with stakeholders 

Purpose of stakeholder engagement 

Stakeholder engagement is an integral part of ecosystem-based management (Figure 

2.1). In the context of the AORA Working Group on Ecosystem Approach to Ocean 

Health and Stressors (EA2OHS), engagement is necessary for awareness and dialogue 

building, assessing priorities, exploring stakeholders’ understanding of sustainability 

and their needs for data and knowledge. Industry input to research priorities for EBM 

is an important consideration for the working group. This can be summarized as: 

 Achieving a better sense of stakeholder perceptions of EBM, ocean health, and 

stressors across commercial sectors. 

 Exploring stakeholder responses to the AORA vision 

 

Figure 2.1 Opportunities for and benefits of stakeholder engagement. Voinov et al., 

2016. 

2.1 Stakeholder engagement activities of the working group and support action 

AORAC-SA, FAO workshop: Making the ecosystem approach operational, January 

2016. http://www.ices.dk/explore-us/projects/Pages/Making-the-ecosystem-approach-

operational.aspx. Stakeholders were invited to the January 2016 AORAC-SA work-

shop, but participation was limited to eNGOs, managers in fisheries and marine envi-

ronment, dredging, biotechnology and fishing industries.  Future work of EA2OHS 

and AORAC-SA (Work package 4) should consider how to ensure meaningful and in-

clusive stakeholder participation.  

World Ocean Council sustainable ocean summit, November 2016 

https://www.ilago.ovh/sustainableoceansummit/. The majority of the senior science 

and policy speakers appeared during the first morning for the opening session. Sectors 

such as shipping, ports, dredging, wind, fish processors seemed to be well represented. 

Participation at the WOC summit revealed that stakeholders have differing concepts 

of sustainability. For many of the speakers, sustainable activities (or responsible activ-

ities, in the case of mining) meant conforming to international obligations signed by 

countries. There was little discussion of ecosystem services, the concept of ocean 

health, cumulative effects, and/or assessments of ecosystem state. Concerns were as 

http://www.ices.dk/explore-us/projects/Pages/Making-the-ecosystem-approach-operational.aspx
http://www.ices.dk/explore-us/projects/Pages/Making-the-ecosystem-approach-operational.aspx
https://www.ilago.ovh/sustainableoceansummit/
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focused on “does my activity fit within society’s current limits for the pressures I cre-

ate”. There was no discussion about generational equity, conservation, or biodiversity. 

There was no common language spoken between the different groups of stakeholders. 

It appeared that the operational focus of the stakeholders limited discussion about con-

siderations of ocean health. 

2.2 Future work 

Further effort is required to define with whom to engage, and how to incentivise stake-

holder participation. To engage with stakeholders, meetings need to be relevant for 

them, provide opportunities for effective dialogue, and barriers to participation must 

be identified (in some cases they don’t have funds for participation).  

The working group will continue to take advantage of opportunities to engage with 

stakeholders as they arise, however, the need for a more directed engagement has be-

come evident.  

In terms of a directed effort, the working group suggests the creation of sub-group on 

stakeholder engagement. A range of expertise is needed to provide input to this work 

and contributions from social science, political science, and/or governance experts will 

be important. Specific stakeholder facilitation expertise will also be valuable to this 

process.  

The goal of this sub-group would be to: understand stakeholder perceptions of 

knowledge for ecosystem-based management, and their views on the vision as devel-

oped by the WG. These views could also help to better understand an appropriate 

process for stakeholder engagement within EBM. Representatives from EU, CA, US 

would be needed. They should guide the development of a stakeholder workshop, 

possibly a targeted survey, and assist with communications/engagement with stake-

holders (potential for synergies with Ocean literacy AORAC-SA WP noted).  

Role for AORAC-SA WP4: support the sub-group to solicit feedback via survey or 

other means (targeted interviews) and compile the results of the survey.  

Timeline: form the subgroup by Q2 2017. This work should be harmonized with the 

Atlas stakeholder component. 

2.2.1 Possible stakeholder engagement opportunities 

- AORA Galway, Ireland 17-18 July 2017 

- Atlantic stakeholder platform conference, October or November 2017, UK (TBC) 

- Our Ocean 2017, https://ec.europa.eu/commission/2014-2019/vella/announce-

ments/commissioner-vella-announces-eu-host-global-our-ocean-2017-conference-

malta_en  

- other events can be proposed 

2.3 Key achievements 

-engagement with some sectors/stakeholders at the AORAC-SA, FAO workshop: Mak-

ing the ecosystem approach operational, January 2016.  

-Scoping key sectors in the North Atlantic area. 

-The working group noted the reports and efforts related to stakeholder engagement 

of the projects: ATLAS (https://zenodo.org/record/247469#.WIn6Z1OLTX5); SponGES 

(http://www.deepseasponges.org/?p=683) and AtlantOS (https://www.atlantos-

h2020.eu/project-information/work-packages/wp10/).  

https://ec.europa.eu/commission/2014-2019/vella/announcements/commissioner-vella-announces-eu-host-global-our-ocean-2017-conference-malta_en
https://ec.europa.eu/commission/2014-2019/vella/announcements/commissioner-vella-announces-eu-host-global-our-ocean-2017-conference-malta_en
https://ec.europa.eu/commission/2014-2019/vella/announcements/commissioner-vella-announces-eu-host-global-our-ocean-2017-conference-malta_en
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2.4 Key challenges 

Differing concepts, understanding, and a lack of a common language between sec-

tors/stakeholders regarding ocean health and stressors. 

Finding a mechanism to attract and engage with stakeholders within the scope of this 

working group. 

2.5 Key forward looking thoughts 

Stakeholder feedback on the vision and research priorities defined by the working 

group is important and further work to engage with sectors is needed. 

References 

Voinov, A., Kolagani, N., McCall, M.K., Glynn, P.D., Kragt, M.E., Ostermann, F.O., 

Pierce, S.A., Ramu, P. 2016. Modelling with stakeholders- Next generation. Environ-

mental Modelling & Software 77 (2016) 196-220 
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3 Ocean use sectors 

There are many human uses of the ocean. Common definitions of ocean sectors will be 

key to making progress in identifying research needs, opportunities and potential syn-

ergies for the ecosystem approach to ocean health and stressors. Sectors have tradition-

ally been defined on an economic basis. We have identified some major discrepancies 

in terminology relating to ocean sectors among the parties to the Galway Statement 

(EU, US, and Canada) that complicate synthesis of existing information (Table 3.1). An 

example of the further levels of complexity in ocean sector classification is seen in Table 

3.2 from Suri's-Regueiro et al. 2013 reproduced below. This makes collating existing 

data on ocean sectors in the North Atlantic for further analysis difficult. 

In addition to consistency in ocean use sector identification, the group has identified 

three key areas for further consideration  

-1- approaches to link ocean use with ocean health and stressors,  

Human activities are both affected by and affect the ocean ecosystems upon 

which they depend. Ocean sectors/anthropogenic activities can be related to 

the ecosystem goods and services that they rely on and to the ocean stressors 

they cause. Anthropogenic stressors affecting ocean health also result from 

land based activities and the long range transport, dispersal, and concentration 

of pollutants. There are a number of approaches to linking sector/activity to 

ocean health and stressors. These include pathways of effects (e.g. Canada), 

and linkage frameworks (e.g. EU FP7 Project ODEMM, MEECE). Numerous 

risk assessment frameworks have also been developed to aid in assessing po-

tential affects both in a sector by sector, and cumulative effects context. Inter-

comparisons among frameworks and approaches have been done for some ju-

risdictions (e.g. OSPAR Joint Assessment and Monitoring Programme) but ap-

plication remains inconsistent and poorly integrated at the ocean scale. 

-2- identification of scientific and regulatory gaps in our ability to adequately assess 

the effects of human activity on ocean health and stressors and  

Sector by sector near-field effects are reasonably well studied and well regu-

lated (e.g.: shipping, fisheries, aquaculture, offshore oil and gas exploitation, 

etc.) Far-field effects, particularly those relating to the emission and disposal 

of wastes (greenhouse gases, sewage, litter etc.) and to long-range transport 

and dispersal of such wastes as well as the cumulative effects of multiple 

stressors (on marine soundscapes or carbon sequestration for example) are less 

well studied, understood and often fall into regulatory and management gaps. 

-3- the tools required to ensure that cumulative effects assessment is comprehensive 

and knowledge based. 

Approaches to assessing the cumulative effect of human activities are often 

Delphic, relying primarily on expert opinion because of the difficulties in cre-

ating common metrics amongst activities and effects as well as in accessing the 

necessary data. Recent attempts to overcome these difficulties by summing the 

footprint of activities for each sector (Benn et al. 2010) go some way to over-

coming these difficulties but remain rare and labour intensive.  
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Table 3.1 Examples of ocean use sectors by economic classification recognized by 

the OECD, the US (NOEP), the EU and Canada. The number of categories differs in 

each case. Categories are aligned with similar ocean sector types where possible. 

OECD NOEP EU Canada 

Capture fisheries Living 

resources - 

marine 

Living resources Seafood 

Seafood processing    

Aquaculture    

Marine and seabed mining Minerals - 

offshore 

Non-living 

resources 

 

Offshore Oil and Gas  Offshore oil and 

gas 

Offshore oil and 

gas 

Deepwater/ultra 

deepwater oil and gas 

   

Offshore wind energy    

Offshore renewable energy    

Shipping Transportation Shipping and 

ports 

Marine 

transportation 

Ports    

Marine coastal tourism Tourism and 

recreation 

Marine leisure and 

tourism 

Ocean-based 

Recreation and 

leisure 

 Marine 

manufacturing/construction 

Construction - 

marine 

Marine 

construction 

Marine 

construction 

  Marine equipment 

and 

manufacturing 

Manufacturing 

Dredging    

Ship building and repair Ship and 

boat building 

Ship building and 

repair 

 

Marine business services    

Marine R&D education  Marine R&D 

education 

Universities R&D 

ENGOs 

  Marine 

administration 

Federal 

Government 

   Provincial/territorial 

government 

Marine biotechnology    

High technology marine 

production and services 

 Marine business 

services 

Services 

Other  Other   

OECD 2016 Kildow et al. 

2014 

Suri's-Reguiero et 

al. 2013 

Gardner Pinfold 

2009 

 

 

Table. 3.2 Classification of marine economy sectors and industries (Surı´s-Regueiro 

et al., 2013) 
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3.1 Key Achievements 

Literature review has indicated discrepancies in the identification and quantification 

of sectors amongst jurisdictions.  

Linking ocean health and stressors to ocean use sectors will depend on shared termi-

nology. Different approaches, frameworks and methodologies among parties to the 

Galway Accord have been identified.   

 

3.2 Key challenges 

 Establishing  a common terminology for the Atlantic Ocean that allows the 

collection/extraction and analysis of ecological and economic information 

across sectors 

 Engaging ocean-users and socio-economists to ensure a truly integrated ap-

proach to the providing the knowledge base for EBM 

 What protocols are best suited to linking ocean health and stressors with ocean 

sectors? 
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 How should we identify emerging or poorly studied sectors that will require 

further research on environmental effects? 

3.3 Key Forward Looking Thoughts 

Explore methods for linking ocean health and stressors to ocean use sectors to identify 

gaps in approach or application 

 Develop a sub-working group (a mixture of social scientists, natural scientists, man-

agers, and stakeholders) to explore the major interactions among different ocean use 

sectors and major ocean stressors.  The benefits of this sectoral-stressor sub-working 

group is that it will identify significant risks, and prioritized information gaps, that can 

be emphasized in member state and trans-Atlantic coordinated research, all with the 

end of obtain better ocean health.   

3.4 Research priorities 

 Understanding risks associated with novel and emerging uses 

 Quantification and assessment of the ecological and socio-economic conse-

quences of risk to ocean goods and services, at local, regional and ocean-wide 

scales on a sectoral and multi-sectoral basis. 

 Quantification and assessment of cumulative effects and the consequences of 

multi-sectoral activities such as climate active gas generation. 
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4 Governance 

There are many rules, regulations, laws, treaties and agreements that mandate how the 

ocean will be managed, within and across sectors.  Collectively we term governance to 

be both the mandates authorizing or requiring management action, and the venues or 

fora whereby such management decisions are made. Understanding how the ocean use 

sectors are managed with respect to various pressures, ocean uses, and ecosystem com-

ponent responses is essential. Even an initial, cursory, but systematic, review of salient 

mandates is helpful to better understand how EBM can be implemented.  Here we 

show the major ocean uses, pressures and related themes are related to governance 

across all major jurisdictions in the North Atlantic. 

Often one of the objections to implementing EBM is that there are no clear mandates to 

do so. Documenting major mandates that individually address specific sectors or pres-

sures is helpful to show coverage of all ecosystem components or ocean uses, and col-

lectively to note the need for EBM. Certainly this has been done for each of the juris-

dictions, but a comparative characterization across jurisdictions has not been done sys-

tematically. This is all in the context of further understanding the “invisible fabric” of 

human dimensions pervasive, but often overlooked, in marine ecosystems and their 

uses. 

The reasons it is important to characterize and catalogue this in the AORA context are 

to: recognize that there is indeed an established legal basis for managing the different 

sectors; identify any gaps in legislation or mandate to highlight coverage for particular 

ecosystem components or ocean uses; explore how to legally address trade-offs across 

sectors; compare governance approaches and mandate coverage across the various ju-

risdictions; and to acknowledge that there is a demand for, and place to uptake, the 

science conducted in these marine ecosystems.  Such a simple evaluation of governance 

coverage will help identify the research that is needed to support management. Fur-

thermore, conducting such an exercise helps to identify important efficiencies across 

mandated needs, characterizes critical juncture points, determines how conflicting uses 

and trade-offs can be addressed, and better delineates which venues the science can be 

inserted into to inform management decisions. Critical to capturing all the impacts 

from ocean stressors in an EBM context is how to not only address these trade-offs, but 

also the cumulative effects of this range of pressures. 

The summary of governance of ocean use/major pressures/key ecosystem components 

seen in the table of governance mandates (table 4.2.1.) shows three things.  First, there 

are many mandates to manage the multiple pressures and sectors of the ocean, regard-

less of jurisdiction, and although not every sector or pressure or component is covered, 

most are. Second, the coverage varies across jurisdictions and the details have some 

distinctions, but the main themes are generally consistent across the jurisdiction.   That 

is, efforts across jurisdiction to address and manage particular sectors have value in 

learning from approaches, and perhaps application in terms of science products and 

analytical outputs, across jurisdictions. Third, there are indeed legal authorities to ex-

plore, address and manage cumulative effects.  



14  | Atlantic Ocean Research Alliance  

 

 

Table.4.2.1 Governance mandates. A list of mandates in each of the AORA jurisdictions, noting the salient national legislation or (International) treaty associated with each of the 

major ocean uses, stressors, or goods and services associated with marine ecosystems. A blank field does not necessarily mean there is no mandate, ; rather that the experts present 

were not aware of any at the time of the WG meeting.  Future work by the proposed sub-Group could certainly fill this in, as well as explore not only these governance mandates, but 

also the governance venues within which tradeoff discussions and decisions could occur. 

  

Ocean 

Uses/Stressors/Ecosystem 

Goods & Services 

EU Canada US International/Treaty 

Cumulative Impacts Marine Strategy 
Framework Directive, 
Environmental Impacts 
Assessment Directive, 
Strategic Environmental 
Assessment Directive 

Canadian Environmental Assessment 
Act Oceans Act (in part)  

National Environmental Policy 
Act (NEPA) 

(several international 
conventions mention 
this) 

Integrative, Systems 
Effects 

Marine Strategy 
Framework Directive 

Oceans Act National Environmental Policy 
Act (NEPA), Fish and Wildlife 
Coordination Act (FWCA) 

SDGs 

Endangered/Protected 
Species 

Birds & Habitat Directive Species at Risk Act (SARA) Endangered Species Act (ESA), 
Marine Mammal Protection Act 
(MMPA), *Migratory Bird 
Treaty Act 

CITES, UNCBD, Bonn 
Conv., Berne 
Convention 

Biodiversity Birds & Habitats 
directives, Marine 
Strategy Framework 
Directive 

Canadian Biodiversity Strategy; 
Oceans Act 

 
UNCBD, Bonn Conv., 
Berne Convention 
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Corals Habitats directives, 
Marine Strategy 
Framework Directive, CFP 

Oceans Act, Canada’s Policy to 
Manage the Impacts of Fishing on 
Sensitive Benthic Areas 

Coral Reef Conservation Act UNCBD 

Invasive Species Marine Strategy 
Framework Directive, 
forthcoming "Alien 
Species" directive 

Fisheries Act, Aquatic Invasive 
Species Regulations 

National Invasive Species Act, 
Aquatic Nuisance Species 
Program 16 USC 4722  

 

Gelatinous Blooms 
  

Jellyfish Control Act 
 

Harmful Algal Blooms Water framework 
directive 

Department of the Environment Act; 
Great Lakes Water Quality 
Agreement 

Harmful Algal Bloom and 
Hypoxia Research and Control 
Act  

 

Eutrophication water framework 
directive, Marine Strategy 
Framework Directive,  

Canadian Environmental Protection 
Act; Department of the Environment 
Act; Canadian Water Act; Fisheries 
Act; Arctic Waters Pollution 
Protection Act 

Clean Water Act, NEPA, Water 
Pollution Prevention and 
Control Act (33 U.S.C. §1268) 

 

Toxic Chemicals Marine Strategy 
Framework Directive, 
REACH 

Canadian Environmental Protection 
Act; Department of the Environment 
Act; Canadian Water Act; Fisheries 
Act; Arctic Waters Pollution 
Protection Act 

NEPA, CERCLA, Federal 
Insecticide, Fungicide, and 
Rodenticide Act, Water 
Pollution Prevention and 
Control Act  

CFC agreement 

Water Quality Water Framework 
Directive, Drinking Water 
Directive 

Department of the Environment Act Clean Water Act, Water 
Pollution Prevention and 
Control Act  

 



16  | Atlantic Ocean Research Alliance  

 

 

Water Quantity Water Framework 
Directive 

 
Clean Water Act, Secure Water 
Act of 2009, National 
Integrated Drought 
Information System Act of 
2006 

 

Water Cycle Water Framework 
Directive 

 
Clean Water Act 

 

Flooding 
    

Erosion 
  

Coast and Geodetic Survey Act 
of 1947, Ocean and Coastal 
Mapping Integration Act  

 

Habitat Habitats Directive 
including NATURA 2000 

Oceans Act, Fisheries Act MSA, ESA, Coastal Wetlands 
Planning, Protection, and 
Restoration Act 

UNCBD 

Marine Debris Marine Strategy 
Framework Directive 

 
Marine Debris Research 
Prevention and Reduction Act 

Various under IMO 

Ocean Dumping Marine Strategy 
Framework Directive 

Canadian Environmental Protection 
Act 

National Ocean Pollution and 
Planning Act 1978 

IMO and its 
Conventions regulating 
commercial shipping 

Archaeology Preserves & 
Artefacts 

various regulations and 
standards 

 Parks Canada Agency Act 

  

Heritage and Special 
Places 

 
 Parks Canada Agency Act Marine Protection, Research, 

and Sanctuaries Act (16 U.S.C. 
§1431; PL 106-513) 
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Marine Monuments 
 

 Parks Canada Agency Act Monuments Act, Marine 
Protection, Research, and 
Sanctuaries Act (16 U.S.C. 
§1431; PL 106-513) 

 

Industrial Capture 
Fisheries  

EU CFP, 1995 Fish Stocks 
Agreement, 
Conventions 

Oceans Act, National Defence Act, 
Fisheries Act 

Magnuson-Stevens Fishery 
Conservation and Management 
Act (MSA) 

FAO Code, UNCLOS, 
many tuna Treaties, 
non-Tuna RFMOs 
(NEAFC, NAFO in N 
Atlantic) 

Recreational Fishing CFP Oceans Act, Fisheries Act Billfish Conservation Act 
(October 9, 2012), ATLANTIC 
STRIPED BASS CONSERVATION 
ACT, The Atlantic Coastal 
Fisheries Cooperative 
Management Act 

 

Aquaculture CFP, Maritime Spatial 
Planning Directive,  

Oceans Act, Fisheries Act National Aquaculture Act of 
1980 

 

Seafood Processing 
 

Seafood Processing Act; Fish 
Inspection Act 

FDA Act 
 

Seafood safety 
 

Safe Food for Canadians Act 
  

IUU EU Regulation to prevent, 
deter and eliminate illegal, 
unreported and 
unregulated fishing (IUU) 

Oceans Act Lacey Act Amendments of 1981 
(16 USC 3371-3378), High Seas 
Driftnet Fishing Moratorium 
Protection Act 
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Oil & Gas Extraction Maritime Spatial Planning 
Directive, Marine Strategy 
Framework Directive, 
Environmental Impacts 
Assessment Directive, 
Strategic Environmental 
Assessment Directive 

National Energy Board Act, Canada 
Oil and Gas Operations Act, Canada 
Petroleum Resources Act, National 
Defence Act, Department of the 
Environment Act 

Oil Pollution Act (OPA), CERCLA 
 

Liquefied Natural Gas Maritime Spatial Planning 
Directive, Marine Strategy 
Framework Directive, 
Environmental Impacts 
Assessment Directive, 
Strategic Environmental 
Assessment Directive 

 
Oil Pollution Act (OPA), CERCLA 

 

Renewables Maritime Spatial Planning 
Directive, Marine Strategy 
Framework Directive, 
Environmental Impacts 
Assessment Directive, 
Strategic Environmental 
Assessment Directive 

Energy Efficiency Act 
  

Offshore wind Maritime Spatial Planning 
Directive, Marine Strategy 
Framework Directive, 
Environmental Impacts 
Assessment Directive, 
Strategic Environmental 
Assessment Directive 

Energy Efficiency Act 
  

Geothermal 
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Mineral Extraction Marine Strategy 
Framework Directive 

   

Aggregates Marine Strategy 
Framework Directive and 
other directives 

   

Dredging other directives 
   

Acoustic/Noise Marine Strategy 
Framework Directive 

Oceans Act, Oceans Protection Act 
  

Current regulation 
    

Weather regulation 
    

Climate Change Clean Air policy Department of the Environment Act, 
Oceans Act 

Global Climate Protection Act 
of 1990, Global Change 
Research Act of 1990 

 

Thermal Conditions 
    

Carbon 
chemistry/acidification 

  

Federal Ocean Acidification 
Research and Monitoring Act 
(FOARAM Act) 

 

Sea Level 
    

Coastal Development Maritime Spatial Planning 
Directive 

Oceans Protection Act Coastal Zone Management Act 
(CZMA) of 1972 (as amended), 
*National Marine Sanctuaries 
Act 

 

Coastal Zone 
Management 

Maritime Spatial Planning 
Directive 

Oceans Act Coastal Zone Management Act 
(CZMA) of 1972 (as amended), 
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Harbors and Ports Maritime Spatial Planning 
Directive, Habitats and 
Birds Directives 

Canada Marine Act Rivers and Harbors Act , Port 
and Tanker Safety Act 1978, 
Coastal Zone Management Act 
(CZMA) of 1972 (as amended), 
Coast and Geodetic Survey Act 
of 1947, Ocean and Coastal 
Mapping Integration Act  

 

Coastal Community 
Dynamics 

 
Oceans Protection Act Coastal Zone Management Act 

(CZMA) of 1972 (as amended), 

 

Community Well-being CFP Oceans Protection Act Coastal Zone Management Act 
(CZMA) of 1972 (as amended) 

 

Recreation Maritime Spatial Planning 
Directive 

   

Tourism 
    

EcoTourism 
    

Beaches/Bathing Bathing Water Directive 
 

CZMA, National Coastal 
Monitoring Act 

 

Recreational Boating 
  

USCG Act 
 

Maritime Safety The European Union 
Maritime Security Strategy 
(EUMSS) 

Canadian Transportation Accident 
Investigation and Safety Board Act, 
Oceans Act, Oceans Protection Act, 
Canada Shipping Act, Labour Code 

 
IMO and its 
Conventions regulating 
commercial shipping 

Pirating 
    

Human Trafficking EU Directive on preventing 
and combating trafficking 
in human beings  
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Contraband transport 
    

Shipping Air pollutants from 
maritime transport 
(Directive 2012/33/EU) 

Coasting Trade Act, Provisions of the 
Customs and Excise Offshore 
Application Act, Customs Act, 
Customs Tariff, Pilotage Act, Oceans 
Act, Oceans Protection Act, Canada 
Shipping Act , Navigable Waters 
Protection Act 

Port and Tanker Safety Act 
1978 

IMO and its 
Conventions regulating 
commercial shipping 

Transport 
 

Canadian Transportation Act, 
Canadian Transportation Accident 
Investigation and Safety Board Act, 
Oceans Act, Oceans Protection Act, 
Canada Shipping Act, Navigable 
Waters Protection Act 

Port and Tanker Safety Act 
1979 

IMO and its 
Conventions regulating 
commercial shipping 

Shipbuilding and Repair 
    

Genetic materials 
   

UNCBD and 
implementing 
protocols 

Marine Biotechnology ERA-MarineBiotech (FP7 
ERA-NEt funding)  

   

Marine Derivatives and 
bioproducts 

    

Marine bioprospecting 
    

Telecommunication and 
power cables 

 
Telecommunications Act 
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Military Uses 
 

National Defence Act 
  

R&D 
  

multiple 
 

Education 
    

Arctic Integrated EU policy for 
the Arctic  

Oceans Protection Act 
 

Arctic treaty 

Antarctic 
   

Antarctic treaty 

MPAs Marine Strategy 
Framework Directive, 
Habitats and Birds 
Directives 

National Marine Conservation Areas 
Act  

 
UNCBD, RSC 

Human Health 
  

Oceans and Human Health Act 
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4.1 Key Achievements 

Identification of the need for this issue 

Preliminary examination of literature and mandates can populate generic table 

Overarching sense is that there is a mandate to do this, but the venues to address the 

tradeoffs are limited 

4.2 Key Challenges 

 Is the mandate to do EBM clear enough? 

 There are several prior efforts to characterize mandates; is the current charac-

terization generally consistent with those? Does this add value relative to those 

prior efforts? 

 Does the current characterization accurately and adequately reflect the man-

dates to manage these sectors/pressures/components? 

 Adequately characterizing the governance venues remains a challenge. Is there 

a need to spend more time doing this more thoroughly? 

4.3 Key Forward Looking Thoughts 

 This work needs to be reviewed by operational political and social scientists; 

i.e. those who have engaged in governance and maritime law 

 Further consideration is needed on if the observations highlighted here are 

worth exploring further. 

 Need to establish if there are adequate mandates and venues for all ocean sec-

tors and pressures for executing EBM. 

 Determine the best venues for conducting trade-off decisions. 

 Consider how EBM science outputs can best be taken up into the various gov-

ernance venues (i.e. management processes), reflect on the potential need for 

new venues. 
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5 Assessment of ecosystem status and main ecosystem characteristics 

5.1 Assessment of ecosystem status 

National and supranational initiatives to assess the status of the marine ecosystem are 

taking place across the North Atlantic and Arctic. Each of them has a slightly different 

focus. 

5.1.1 USA Ecosystem Status Reports 

The ecosystem off the North East of the US has been assessed though the status report 

process. The previous versions of the report focuses on the oceanography, foodweb 

dynamics, trends in fish stocks and top predators and implications for management. 

Contaminants levels are also reviewed. Composite indices that integrate many varia-

bles from the Ecosystem Status Report point to broad-scale scale shifts in the state of 

the system. 

https://www.nefsc.noaa.gov/ecosys/ecosystem-status-report/. 

The latest versions of the State of the Ecosystem reports include listing of management 

objectives and the elements of human dimension (coastal communities, climate risk, 

revenues, fleet diversity, and recreational opportunities). 

They are available at the fishery council websites: 

Mid-Atlantic: http://www.mafmc.org/s/Tab02_2017-04_State-of-the-Ecosystem-and-

EAFM.pdf  

New England: http://s3.amazonaws.com/nefmc.org/2_2016-State-of-the-Ecosystem-

Report.pdf  

5.1.2 Canada State of the Oceans Report (SOTO) 

The state of the ocean report (SOTO) from 2012 covered the Large Ocean Management 

Areas consist of scientific analysis of marine trends and changes based on marine data 

collected from the Gulf of St. Lawrence; the Eastern Scotian Shelf and the Placentia 

Bay/Grand Banks regions of the Atlantic. The issues covered were ecosystem shifts, 

ocean acidification, hypoxia, sea ice variability, ocean climate, aquatic invasive species, 

and coldwater corals and sponges.  

http://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2012/intro-eng.html  

There will be a following State of the Oceans reporting program in 2017 that focuses 

on the Atlantic in 2017. The SOTO process is a rolling programme. 

5.1.3 EU Marine Strategy Framework Directive (MSFD) 

The cycle of the MSFD involves an assessment stage where member states of the EU 

must assess the status of the marine environment in relation to Good Environmental 

Status (GES). The MSFD assesses a range of state and pressure “descriptors”, (Figure 

5.1). 

https://www.nefsc.noaa.gov/ecosys/ecosystem-status-report/
http://www.mafmc.org/s/Tab02_2017-04_State-of-the-Ecosystem-and-EAFM.pdf
http://www.mafmc.org/s/Tab02_2017-04_State-of-the-Ecosystem-and-EAFM.pdf
http://s3.amazonaws.com/nefmc.org/2_2016-State-of-the-Ecosystem-Report.pdf
http://s3.amazonaws.com/nefmc.org/2_2016-State-of-the-Ecosystem-Report.pdf
http://www.dfo-mpo.gc.ca/oceans/publications/soto-rceo/2012/intro-eng.html
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Figure 5.1 The eleven “descriptors” of the EU Marine Strategy Framework Directive (MSFD). 

Member states are encouraged to work regionally, using the regional seas conventions. 

The MSFD requires member states to carry out this assessment within a cycle of mon-

itoring and creating measures to address areas where GES is not being achieved (Fig-

ure 5.2). 

http://ec.europa.eu/environment/marine/eu-coast-and-marine-policy/marine-strat-

egy-framework-directive/index_en.htm 

 

Figure 5.2. the Cycle of the EU Marine Strategy Framework Directive. 

5.1.4 Regional Sea Convention OSPAR 

OSPAR carries out decadal quality status reports (QSR) for parts of its convention area. 

The last large assessment was in 2010, and currently OSPAR is preparing for an inter-

mediate assessment to be released in 2018, to aid some of its contracting parties with 

http://ec.europa.eu/environment/marine/eu-coast-and-marine-policy/marine-strategy-framework-directive/index_en.htm
http://ec.europa.eu/environment/marine/eu-coast-and-marine-policy/marine-strategy-framework-directive/index_en.htm
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requirements under the EU MSFD. The 2010 quality status report covered climate 

change, eutrophication, hazardous and radioactive substances, oil and gas industries, 

living resource management and conservation targets. The 2010 QSR concluded that 

the most widespread impacts on marine ecosystems result from fishing, despite im-

provements in management. Ocean acidification and the emerging impacts of climate 

change cause serious concern. A reduction in the decline of biodiversity is still to be 

achieved. Endangered habitats and species are still being damaged and targeted action 

is needed to protect them. The demands for marine space and resources are intensify-

ing, with the development of shipping, renewable energy, coastal defence and mineral 

extraction. 

https://qsr2010.ospar.org/en/index.html  

5.1.5 Arctic Conservation of Arctic Flora and Fauna (CAFF) State of the Arctic Marine 

Biodiversity Report 

The Arctic Council working group on the conservation of Arctic Flora and Fauna 

(CAFF) has regular assessments of the biodiversity of Arctic. Its latest report was pub-

lished in 2017 and suggests that in the Atlantic Arctic the seabirds, fish and benthos are 

in moderate to good status but the marine mammals, plankton and sea ice biota are in 

a poor status (Figure 5.3). https://www.caff.is/assessments 

 

Figure 5.3. Summary of the 2017 State of the Arctic Marine Biodiversity Report from CAFF. 

5.1.6 Regional Sea Convention HELCOM Initial Holistic Assessment of Ecosystem 

Health of the Baltic Sea (HOLAS) 

The initial assessment of the ecosystem health of the Baltic Sea was published in 2010. 

This assessment concluded that the environmental status of the Baltic Sea is generally 

impaired with none of the open basins of the Baltic Sea has an acceptable environmen-

tal status. It concluded that the Baltic Sea is impacted by the pressure of anthropogenic 

loads of nitrogen, phosphorus, organic matter, and hazardous substances. Commercial 

fishing is also a strong and widespread impacting pressure. 

A second holistic assessment (HOLAS II) is currently being carried out and will be 

published in 2018. HOLAS II will develop common concepts and methods for status 

assessment and performs assessments at regional scale. HELCOM core indicators form 

the basis for the assessment of environmental status. Aggregated results are produced 

https://qsr2010.ospar.org/en/index.html
https://www.caff.is/assessments
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using assessment tools, which are developed and tested as part of HOLAS II and sup-

porting projects. The main building blocks are the distribution of human activities and 

pressures in the Baltic Sea. Cumulative impacts are assessed using the Baltic Sea Pres-

sure and Impact Index, thematic assessments of biodiversity, eutrophication and haz-

ardous substances. Maritime activities will also be addressed, being the fourth core 

segment of the Baltic Sea Action Plan. It will also include economic and social analyses 

to support regional assessments of the use of marine waters and cost of degradation. 

http://www.helcom.fi/Lists/Publications/BSEP122.pdf 

http://www.helcom.fi/helcom-at-work/projects/holas-ii  

5.1.7 ICES Ecosystem Overviews. 

ICES reports on the trends in the state of the ecosystem and priority pressures impact-

ing each ecoregion through Ecosystem Overviews. They are designed to inform re-

gional managers about the state of the ecosystems and the influence of regional activi-

ties on the state (via the pressure those activities exert). The priority activities and pres-

sures highlighted vary by region based on the assessment. In most regions the activity 

of fishing has been highlighted as the primary activity exerting the greatest pressure. 

The elements of the state of the ecosystem considered are substrate, pelagic habitat, 

benthic communities, phytoplankton and zooplankton, cephalopods, fish, seabirds, sea 

mammals, non-indigenous species, and threatened and declining species and habitats.  

Overviews have been published for the Barents Sea, Bay of Biscay and the Iberian 

Coast, Celtic Seas, Greater North Sea, Icelandic Waters and the Norwegian Sea. They 

are reviewed every three years and adapted as relevant knowledge becomes available. 

They are currently a mix of qualitative and quantitative approaches but ICES is driving 

to increase quantitative analysis. 

http://www.ices.dk/community/advisory-process/Pages/Ecosystem-overviews.aspx 

 

Figure 5.4. An example of the key diagram in the ICES Celtic Seas ecosystem overview depicting 

the links between activities, pressure and state. 

http://www.helcom.fi/Lists/Publications/BSEP122.pdf
http://www.helcom.fi/helcom-at-work/projects/holas-ii
http://www.ices.dk/community/advisory-process/Pages/Ecosystem-overviews.aspx
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5.2 Main ecosystem characteristics 

Second only in size to the Pacific, the Atlantic Ocean covers ~20% of Earth’s surface. 

Wide continental shelves on the northern areas of the N Atlantic link with steep slopes 

to the abyssal plain, whereas narrower continental shelves and strong upwelling char-

acterize the south off the Iberian Peninsula and NW Africa (Rice et al. 2016). In the east 

central Atlantic, two chains of volcanic islands, the Azores and Canaries and other vol-

canic islands and seamounts add to the mosaic of Atlantic seabed habitats. The spread-

ing mid-Atlantic ridge along the Atlantic Ocean axis defines the most prominent fea-

ture of the basin’s bathymetry. 

Warm waters of the Gulf Stream and North Atlantic Drift currents flow west to east 

and interact with the returning deeper counter-currents to form the Atlantic Meridio-

nal Overturning Circulation (AMOC). AMOC strongly influences the distribution of 

species and habitats and brings warmer maritime climate to European Atlantic nations 

compared to equivalent North American latitudes.  

The North Atlantic Ocean sustains a complex and interconnected series of ecosystems 

in both the water column (pelagic) and on the seabed (benthic), spanning from produc-

tive coastal systems often intensively used by humans to more remote deep-sea envi-

ronments characterised by lower biomass and abundance. In turn these different eco-

systems support important populations of highly mobile species from commercially 

important fish stocks through to migrating marine mammals (mobile link organisms). 

Importantly, the ocean is not a homogenous space, but a highly structured three-di-

mensional environment in which different water masses and currents, operating from 

the surface to the seafloor and travelling across oceans, create boundaries and connec-

tions between ecosystems. The complexity of Atlantic ecosystems precludes detailed 

explanation here we instead summarise national and international initiatives charac-

terising Atlantic ecosystems and their overall biogeography. Evaluating the types and 

geographic scope of impacts of natural and anthropogenic stressors requires identifi-

cation of marine ecosystems, to the extent possible. 

Building on previous efforts to identify biogeographic regions, Spalding et al. (2007) 

integrated layers of physical and biological information to delineate biogeographic 

provinces in all the world’s oceans, as defined by groupings of plants, animals, and 

overall environmental settings so defining coastal and continental slope Marine Ecore-

gions of the World (MEOW). In the North Atlantic MEOW discriminates 4 major prov-

inces comprising N European seas, Lusitania, the cold temperate NW Atlantic and 

warm temperate NW Atlantic, but these provinces encompass myriad ecoregions and 

a wide diversity of contrasting habitats that differ greatly in species composition and 

processes. For the open ocean, the Global Open Oceans and Deep Seabed (GOODS) 

classification scheme (UNESCO 2009) identifies pelagic provinces that include the Sub-

arctic Atlantic, North Atlantic Current, Gulf Stream, North Central Atlantic and the 

Canary Current. Benthic GOODS provinces were discriminated on the basis of water 

depth and in the Atlantic include ecosystems found in two of the GOODS depth zones: 

the lower bathyal, 800-3500 m and the abyssal, 3500-6500 m (there are no hadal ocean 

trench depths >6500 m in the N Atlantic). GOODS was later adapted for waters >800 m 

deep, delineating a Northern Atlantic boreal and a North Atlantic province based on 

distinct patterns of particulate organic carbon flux and water temperatures (Watling et 

al. 2013). These efforts illustrates a decision-support tool to help safeguard marine bi-

odiversity, support the ecosystem approach, marine spatial management and the de-

sign of MPA networks in national waters and in the international High Seas (Rice et al. 

2011), thereby helping nations implement global policies enshrined by United Nations 

Convention on the Law of the Sea (UNCLOS, e.g. Areas Beyond National Jurisdiction, 
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or ABNJs), the Food and Agricultural Organization (FAO, e.g. Vulnerable Marine Eco-

systems or VMEs) and the Convention on Biological Diversity (CBD, e.g. Ecologically 

and Biologically Significant Areas or EBSAs).  

Among other marine ecosystem and habitat classification schemes work in European 

waters has defined biotopes, i.e. habitats, which map directly onto European legisla-

tion (http://inspire.ec.europa.eu/applicationschema/hb ). These approaches can pro-

vide very detailed discrimination between biotopes in data rich areas such as well-

studied coastal ecosystems, but are of limited relevance in deeper waters. Moreover, 

the absence of such schemes for the western Atlantic precludes comparative basin-scale 

analyses.  Some jurisdictions have used traditional ecological knowledge (TEK) to as-

sist in the identification of habitats. For example, cold water coral locations off eastern 

Canada were first mapped based on interviews with fishermen (Gass and Wilison 

2005). Indigenous peoples have helped to locate important ocean areas in northern 

Canada (DFO 2011), and in identification of ecological and biological significant areas 

(EBSAs). In addition, the United States, Canada, European Union, North Atlantic Fish-

eries Organization (NAFO), Northeast Atlantic Fisheries Commission (NEAFC) and 

coastal states of the North Atlantic all invested in ecosystem status reports providing 

detailed time series of status and trends of key oceanographic and biological variables, 

in addition to fisheries stock assessments, and inform ecosystem based management in 

the wider North Atlantic.  

However, while biogeographic descriptions offer useful frameworks to describe and 

understand marine ecosystems, marine ecosystems themselves are not static but highly 

connected across space and time. Importantly, spatial connections are both horizontal 

(e.g., larval dispersal between habitats) and vertical (e.g. energy flux through the 

trophic links of a food web from pelagic to benthic depths), and detailed oceanographic 

data on water masses, currents, eddies and gyres illustrate the importance of such in-

formation in understanding transfer within ecosystems. These connectivity pathways 

are often counter-intuitive, e.g. interaction between surface currents, gyres, and sub-

surface currents may complicate simple interpretation. Furthermore, these classifica-

tion systems lack the detail to resolve structurally complex seabed environments such 

as eelgrass, kelp beds, maerl, cold-water coral reefs, sponge grounds and hydrothermal 

vents. Input from the latest ocean models integrating horizontal and vertical mixing as 

water mass characteristics can help to refine biogeographic boundaries and to improve 

species distribution models (SDMs) to accurately predict occurrences of key species 

such as cold-water corals, sponges and fishes. However, it would be naive to think 

delineations around marine ecosystems as portrayed in MEOW, GOODS, and else-

where represent a real or fixed boundary. Marine ecosystems should always be 

viewed as dynamic networks constrained in part by faunal composition and the 

physical environment. 

As well as a continually improving picture of their biogeography, our understanding 

of Atlantic ecosystem functioning is also evolving rapidly. Some species influence the 

structure and function of marine ecosystems much more than others, or to have greater 

cultural significance. In particular, keystone species (e.g., large predators, key prey), 

mobile link organisms (species that transport nutrients across ecosystem boundaries) 

and habitat engineers (e.g., reef builders, bioturbators) exemplify species that dispro-

portionately influence trophic structure and biodiversity. Effectively monitoring and 

maintaining healthy marine ecosystems requires identification of these key players.  

Research on the relationship between food supply and biomass has changed our view 

on ocean processes even within the last 5 years. The North Atlantic is one of the most 

productive ocean areas on Earth and supports commercially important fisheries and 

http://inspire.ec.europa.eu/applicationschema/hb
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complex deep-water seabed ecosystems. The strong relationship between primary 

productivity and fish biomass shows that available primary production can effectively 

constrain global fisheries catches (Chassot et al. 2010). Benthic ecosystems also depend 

on organic matter produced at the surface, transported by advection or convection. A 

recent finding on the conversion of dissolved organic matter by sponges fundamen-

tally changed our understanding of coral reef productivity (De Goeij et al. 2013). 

Coldwater coral reefs in the Logachev Mounds region enhance drawdown of primary 

production from the surface, thus altering pelagic ecosystem dynamics (Soetaert et al. 

2016). These new discoveries on ecosystem functioning and highlight the need for more 

research on the roles of benthic species and habitats in the North Atlantic. Lack of adult 

mobility in many taxa heightens vulnerability of benthic habitats to a suite of human 

and environmental stressors. Similarly, additional new discoveries in the pelagic realm 

indicate other knowledge gaps that limit our capacity to evaluate potential impacts of 

stressors. 

Assessing the implications of single and multiple stressors, which may interact with a 

changing climate in complex ways, will improve our basin-scale understanding of At-

lantic ecosystem functioning, connectivity, and change. Further, the cultural value 

placed on ecosystems differs, and societal views must be considered when evaluating 

impacts of stressors. The intractability of addressing all of these issues at the scale of 

the N Atlantic points to the need to use a series of Atlantic areas or case studies where 

ecosystems have been described and characterised in sufficient detail to reveal the pro-

cesses that control them and understand how their component parts change both in 

terms of their functional ecology and biodiversity, both naturally and in response to 

anthropogenic and environmental stressors. Two Horizon2020 projects linked to the 

Galway process, ATLAS and SponGES (www.eu-atlas.org and www.deepsea-

sponges.org) exemplify this approach and will further our understanding of Atlantic 

marine ecosystems. 

http://www.eu-atlas.org/
http://www.deepseasponges.org/
http://www.deepseasponges.org/
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6 Ocean Stressors 

Ocean stressors are chemical, physical or biological agents, environmental conditions, 

external stimuli or event(s), or human impacts that constrain or negatively influence a 

marine system. An event that triggers the stress response may include: environmental 

stressors (temperature/pH changes, elevated sound levels); physical stressors (smoth-

ering, damage by bottom trawling, mineral extraction; barriers to movement); chemical 

stressors (increased pollution; radiation); social/ecological stressors (break up of family 

units; school density; loss of biodiversity). Stressors on ocean environments have 

changed in nature as well as in spatial and temporal scope over the course of human 

history, and include both anthropogenic and natural stressors. These stressors can oc-

cur at a range of spatial scales that may be short term (pulse) or chronic in duration, 

both potentially causing significant changes to ecosystem structure and function. Some 

effects also expand in spatial scale and frequency over time. Some stressors cause spe-

cies-specific changes, whereas others may result in major alteration of habitats, com-

munities, or function. Not surprisingly, these stressors closely reflect historical growth 

and movement of human populations. However, in the last century some effects – par-

ticularly those associated with climate change and long-range transport of pollutants – 

no longer link spatially to human populations because of their global scope. The EU 

Marine Strategy Framework Directive (MSFD) identifies general pressure categories 

that can trigger stress responses: Biological disturbance (Descriptor 2), Fishing pressure 

(D3.1), Enrichment (D5) Physical loss (D6); Physical damage (D6); Interference with 

hydrological processes (D7); Contamination (D8 and 9); These encompass specific pres-

sures such as smothering, abrasion, underwater noise (D11), marine litter (including 

microplastics, D10), change in wave exposure (tidal energy devices), nitrogen and 

phosphorous enrichment, barriers to species movements, etc. Below we briefly sum-

marize some of these major stressors and their historical changes using this MSFD ru-

bric. 

Historically, fishing impacts produced some of the earliest human induced changes in 

estuarine and coastal environments, with effects spanning from overfishing and col-

lapse of target stocks to destruction of seabed habitat and alteration of food webs. Fish-

ing depressed many easily targeted species including anadromous and catadromous 

species that funnel through geographic bottlenecks, as well as relatively static benthic 

species such as oysters, or large targets such as whales. The discovery of new fishing 

grounds in the new world catalysed migration of human populations, which quickly 

expanded and began to deplete some continental shelf stocks. Salting and subsequently 

refrigeration enabled fishing beyond immediate consumption, and later development 

of motorized vessels expanded impacts on many continental shelf habitats by expand-

ing the reach of fishing. Thus began industrial fishing that utilized bigger, more de-

structive fishing gear that increased catch per unit effort and, in the case of bottom 

trawling gear, damage to seafloor habitats. By the mid-20th century, newly developed 

factory freezer trawlers capable of hauling heavy gear over increasingly rough (often 

biologically complex) habitat depleted some stocks to very low levels. 

Fishing gear developments have contributed as stressors in other ways. In addition to 

habitat damage, stock depletion, and food web alteration, bycatch of non-target species 

and ghost fishing can be damaging to particular species. Bycatch may occur with many 

types of fisheries, though bottom trawling is often less selective than other gears. In 

contrast, ghost fishing generally impacts water column species from fishes to marine 

mammals to seabirds, and became increasing persistent with the development of syn-

thetic materials that degrade slowly and may ghost fish for many years. 
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Though generally more focused geographically than fishing, coastal eutrophication 

followed the arrival of human populations and their reliance on estuaries and coastal 

waters for sewage disposal, with subsequent elevation of nutrients. The development 

of the Haber-Bosch process during World War I, which enabled the mass manufactur-

ing and application of nitrogen fertilizer and thus revolutionized industrial agricul-

ture, has been described as the “detonator of the (human) population explosion”. Fer-

tilizers also exacerbated nutrient loading in coastal waters through rivers and runoff 

which, in tandem with increased sewage effluents into estuaries and harbours, rapidly 

increased the scale and frequency of hypoxia in the last 100 years. Studies link expand-

ing oxygen minimum zones and their encroachment on continental shelf habitats to 

ocean warming, noting that OMZs occur naturally. Destruction of seagrass habitats 

and sand extraction from beaches has also significantly changed many coastal areas, 

altering the capacity of coastal habitats to buffer against severe weather conditions. In 

many cases dam construction on rivers and estuaries has altered downstream hydrol-

ogy and physical movement of species, creating stress responses in coastal environ-

ments. 

Oil and gas transport and extraction add further demands on ocean environments. Alt-

hough the impacts of oil drilling itself generally extend over scales of kilometers or 

less, catastrophic blowouts such as Deepwater Horizon and major spills such as the 

Exxon Valdez create a wide range of stresses on organisms spanning from seabirds and 

marine mammals to invertebrates and even microbes. Chronic sources of oil input such 

as estuarine transport of oiled water and bilge water dumping from small and large 

marine vessels actually contribute more total oil to the ocean but with less visible ef-

fects than catastrophic releases. These effects span from individuals to habitats to eco-

systems. Exploration activities for oil and gas involve the use of seismic surveys, re-

sulting in elevated noise pollution which can cause stress responses in sensitive species 

such as marine mammals. Furthermore, vessel sound in the ocean, not only by tankers 

but by shipping in general, has increased globally, with major increases projected in 

Arctic regions. Oil and gas structures, in parallel with sunken vessels (fishing, recrea-

tional, shipping etc.) have also added new structures to the seabed that may serve as 

artificial reefs, with potentially positive or negative impacts on pre-disturbance fauna 

depending on the nature of the structure and the specific habitat. Underwater telecom-

munications and electrical cables add new hard structure, with similar potential im-

pacts though with added disturbance during cable laying (particularly when buried) 

and ongoing effects of added or altered electromagnetic fields. 

Dredging and waste disposal (e.g. sewage sludge, radioactive waste, dredge spoils) 

cause localized stress on seabed communities through smothering, and potentially 

spread contaminants into otherwise uncontaminated habitats and food webs. Dredg-

ing impacts vary depending on substrate type, with greater stress on complex environ-

ments (e.g. maerl) than on dynamic environments (e.g. sand). Waste-related stressors 

also include marine litter, including plastics. The “Great Pacific garbage patch”, a gyre 

of concentrated marine debris ranging in size from fishing gears to microplastics was 

discovered in the 1980s in the central North Pacific Ocean, and microplastics have now 

been identified in all ocean environments, including the abyssal trenches. Studies of 

microplastics as potential stressors are ongoing. Long-range transport and ocean fo-

cussing also affect the distribution, concentration and biogeochemical cycling of other 

contaminants such as mercury, DDT and other organic pollutants. Poleward atmos-

pheric transport and interactions with ice cycles add particular concern. 
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Mineral extraction to date has focused primarily on coastal environments, spanning 

from harvesting sand for beach replenishment to gravel for construction to salt for food 

preservation. Future extraction and demand will likely extend to polymetallic sulphide 

deposits at hydrothermal vents, manganese nodules on the abyssal plains, and cobalt 

rich crusts on seamounts. These mineral resources occur in deep water, so economic 

considerations have delayed their exploitation. Nonetheless, numerous feasibility 

studies suggest imminent exploitation, and the communities that occupy these special-

ized environments exhibit typical deep-sea biological characteristics that increase vul-

nerability to stressors. 

Humans have facilitated the spread of invasive species for centuries, initially in the 

marine environment through fouling organisms on hulls of ships moving around 

ocean basins, but globalization of trade and the construction of larger ships and ballast 

water transport or organisms accelerated the movement of species around the world. 

Although many non-native species cause few problems and may remain historical 

footnotes, others can dramatically alter ecosystems from coastal harbours to pelagic 

inland seas to shoreline habitat. 

Aquaculture, which has been around for centuries, has greatly expanded globally in 

the last 50 years and has helped greatly in supplementing depleted wild stocks. But is 

has also added to the transport of invasive species, sometimes as “hitchhikers” with 

the imported species but sometimes the species itself may become problematic if re-

leased into non-native habitat. Aquaculture can also create localized stress on benthic 

habitats below aquaculture cages if excess food and/or faecal pellets accumulate and 

create hypoxic conditions. The raising of organisms in dense concentrations can also 

expedite the spread of disease, not only among the farmed animals but sometimes 

spreading to wild populations. 

Climate change has emerged as a major concern in terms of temperature change, ocean 

acidification, sea-level rise, ice loss, and extreme weather. Although difficult to predict 

long-term response of marine organisms with confidence, studies already show spatial 

shifts poleward and shuffling of community composition in a wide range of marine 

environments. Potential changes in ocean circulation patterns add further concern. 

Acidification studies indicate a wide range of response in marine organisms depending 

on specific physiologies and capacity to adapt, but some groups of organisms (e.g. cold 

water corals) are clearly more vulnerable than others. The wide range of studies al-

ready underway on this question should provide significant clarification of impacts 

within the next few years. Studies on ice loss effects portend major change in plankton 

dynamics and for organisms directly dependent on ice (e.g. marine mammals, ice 

fauna).  Increasingly open water will enable increased shipping and development (and 

thus threats of oil spills and invasive species), and access to virgin fisheries previously 

protected by ice cover. Studies clearly demonstrate that initial impacts of fishing are 

often among the worst an environment experiences. Finally, extreme increasing fre-

quency and intensity of weather events (e.g. coastal storms, rapid cooling) sometimes 

results in mass mortality in coastal species   

In summary, the most pervasive ocean stressors came from aspects of commercial fish-

ing, where the spatial, temporal and diversity of impacts have expanded to almost all 

marine habitats (Rice et al. 2016). In Table 6.1, we summarize the major stressors within 

broadly defined ocean environments, noting that this list is neither exhaustive nor suf-

ficiently detailed to resolve the many complexities of this question. Within the last 50 

years in particular, climate change has increased greatly in recognition and relative 
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importance, in part because environmental change impacts all marine ecosystems in 

some way, though long-term impacts remain an ongoing question. Thus, changing 

scales (both temporal and spatial) for different stressors adds challenges. Although the 

general impacts of many stressors are relatively well understood (climate change is a 

notable exception) in isolation, current understanding of cumulative impacts of stress-

ors remains an area of ongoing research with many critical knowledge gaps and chal-

lenges. Coming to terms with choices and trade-offs with respect to different stressors 

in a given region adds an additional dimension to responding to cumulative impacts 

that extends to governance. 
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Table 6.1 Major stressors within broadly defined ocean environments 

Stressor Major Vector Spatial Scale Potential 

Impact 

    Example 

   Coastal Shelf > 200m Pelagic Benthic  

Physical Loss Bottom Trawling Large X X x  X Destruction of Vulnerable Marine Ecosys-

tems (biogenic habitat) 

 Extraction Local X    X Sand extraction from beaches causing ero-

sion of seagrass beds 

Physical Dam-

age 

Bottom Trawling Large X X x  X Damage to benthic species in trawl swath not 

caught in trawl 

Interference 

with Hydro-

logical Pro-

cesses 

Dams Local X x x X X Barriers to movement of fish 

 Tidal Energy De-

vices 

Local X   X X Change in wave exposure affecting species 

composition 

 Climate Change Large X X X X X Changes in water masses and currents 

Contamina-

tion 

Marine Litter Large X X X X X Effects of microplastics not yet fully under-

stood but known to be ubiquitous 
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 Oil and Gas Blow-

outs 

Large X X X X X Impacts on marine species in G of M 

Enrichment Pollution Large X   X X Increase in POM causing reduced light pene-

tration and changes in species composition, 

HABs 

 Aquaculture Local X   X X Increased enrichment causing eutrophication 

and associated species changes, HABs   

Biological Dis-

turbance 

Fishing Large X X X X X Removal of top predators and alteration of 

food webs 

 Climate Change Large X X X X X Ocean acidification impact on carbonate skel-

etens 

 Ballast water and 

ship fouling 

Large X X X X X Introduction of invasive species (e.g., Zebra 

mussel in Great Lakes) 

 Aquaculture Local X   X X Disease/sea lice transfer to wild species  

 Seismic Local  X X x X Impacts on marine mammals 

 Underwater tele-

communications ca-

bles  

Local  X X  X Creation of electromagnetic fields 
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6.1 Key Achievements: 

 General understanding of effects of individual stressors on many types of eco-

systems. 

 Recognize that not all threats equal across ecosystems 

 Recognize that temporal and spatial scales of stressors vary greatly 

6.2 Key challenges 

 Uneven knowledge across ecosystems 

 Some threats effectively unstoppable over our lifetimes, must prepare for 

change 

 Many ecosystems already altered 

 Will face inevitable trade-offs and choices in priorities/activities that require 

decision defensible framework 

 Scales of governance and threats often mismatched (jurisdictions etc.) 

6.3 Key forward looking thoughts 

 Stressors will generally increase and will require more effective strategies for 

mitigation 

 Recommend to develop better understanding of cumulative impacts through 

directed research 

 Recommend to develop management strategies to mitigate against and pre-

pare for inevitable future change (e.g. ocean warming) 
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7 Tools to address trade-offs across ocean use sectors 

“EBM recognizes that trade-offs are needed in the management of resources and hu-

man activities in ocean and coastal ecosystems. It is rarely possible to optimize all ac-

tivities at once without some tradeoff in uses and goals. For example, increased energy 

development might result in some loss or degradation of habitats, recreational areas, 

or fishing grounds, yet is often necessary to meet the nation’s energy demand. Under 

current management practices these trade-offs still exist but are not explicitly dealt 

with, and the interaction between sectors is often contentious and difficult to resolve. 

In practice, trade-offs and conflicts are often dealt with after the initial activity planning 

or permitting occurs, frequently resulting in long delays or lawsuits. Using an EBM 

approach, trade-offs are explicit and become part of the planning and permitting ef-

forts, ensuring that all stakeholders have the opportunity to engage and resolve issues 

proactively.” (from http://ecosystems.noaa.gov/EBM101/WhatisEcosystem-Based-

Management.aspx) 

As EBM recognizes the interconnections between the physical, biological and socioec-

onomic components of marine ecosystems, tools for addressing trade-offs associated 

with EBM must have some capacity to consider these major components. Given the 

complexity and breadth of trade-offs associated with EBM, addressing them may seem 

a daunting task. Fortunately this is an issue that has been the focus of considerable 

research effort in recent years, so a wide range of tools for addressing trade-offs have 

been developed and applied. Table 7.1 provides a broad listing of these tools. A sum-

mary of the some of these tools is provided in this chapter.  

Mental Modelling and its variations, conceptual model and qualitative modelling, is 

an approach to depict the interrelationships between the physical, biological, and soci-

oeconomic components. The process involves a range of stakeholders, managers, and 

scientists tapping into their knowledge and perspectives on the ecosystem and draw-

ing out key elements of the system (e.g., fisheries stocks, physical drivers, industries 

that influence the ecosystem, governance/management). The stakeholders then draw 

out arrows to illustrate their understanding of effects of one element on another and 

may additionally assign a semi-quantitative estimate of the size of the effect of one 

element on another. At minimum this provides a visual hypothesis of the key ecosys-

tem functions and ensures that a wide range of knowledge is brought to bear in the 

early stages of EBM plan development. When semi-quantitative estimates of effect size 

are incorporated, perturbation analysis can be implemented to allow stakeholders to 

explore and identify unexpected outcomes from changes in ecosystem drivers or unin-

tended consequences from management actions. When this approach is implanted care 

must be taken to ensure that a wide range of participants are involved and to ensure 

stakeholders that the mental model is a hypothesis and not necessarily an accurate rep-

resentation of the ecosystem interconnections. 

Risk analysis (or vulnerability analysis) involves the monitoring of ecosystems and ob-

taining feedback on management actions through tracking ecological indicators. A va-

riety of threats and perturbations may influence these indicators. Risk analysis may be 

used with a variety of different models to assess the performance of EBM, where per-

formance is considered the reduction of risk of adverse consequences of a management 

action. Risk analysis can be incorporated in bow tie assessments of pressures on the 

system. The bow tie approach creates a differentiation between proactive and reactive 

risk management. Risk is highly dependent on a person’s viewpoint and on time hori-

zons considered. For example, a marine mammal protection specialist may consider a 

single human interaction with a dolphin to be a high immediate risk to a particular 

http://ecosystems.noaa.gov/EBM101/WhatisEcosystem-BasedManagement.aspx
http://ecosystems.noaa.gov/EBM101/WhatisEcosystem-BasedManagement.aspx
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dolphin; a fisheries scientist may consider a single human interaction to be of low long-

term risk to the population of dolphins; and a fisher may consider the inability to fish 

in areas near dolphins and extreme risk to their livelihood. A shared understanding of 

the perception of risks among stakeholders, managers and scientists is critical for ap-

propriate risk analysis to inform management decisions. 

Ecosystem Indicators are outcomes from tools and in some respects tools themselves 

to evaluate and communicate information about the status and structure of an ecosys-

tem and the potential impacts human activities are having on the system. Ecosystem 

indicators inherently capture trade-offs in the system and are useful for evaluating 

trade-offs among management actions and ecosystem structure. Ecosystem indicators 

can be empirical or model-derived. In addition to the basic physical-chemical state of 

the ocean, these indicators can be purely ecological in that they only include infor-

mation about the ecological components of the (e.g., Primary Production over Total 

Production) or they may also include some information about human interactions with 

the environment (e.g., Mean Trophic Level of the Catch). Similarly, some indicators are 

better suited for providing context or background information on the conditions in the 

environment, which humans may have little or no control over (e.g., climate cycles 

such as the Pacific Decadal Oscillation). Other indicators are more suited for evaluating 

conditions which humans have some level of control over (e.g., Loss in Production In-

dex). For example, integrative measures across a range of section, such as the carrying 

capacity, assimilation capacity and tipping points of ecosystems have evolved over the 

last 20 years and are using in providing an integrative view. Indicators to describe hu-

man dimensions of marine ecosystems and uses are also increasingly used. Sociologist 

and economists assess sector activities in terms of monetary, employment and other 

dimensions. One of the challenges is to convert ecosystem properties into these same 

currencies so that trade-offs can be evaluated in a common framework. One way to do 

this is through viewing the goods and services provided by ecosystems. This is an im-

perfect process but examples have been produced (Holzman, 2012). To develop effec-

tive indicators, a stakeholder process involving needs determination, listing candidate 

indicators, scoring and screening indicators, and selecting and reporting on a list of 

final indicators is necessary. 

Systemic Reference Points (SRPs) are decision criteria that include conventionally used 

tools such as biological reference points (BRPs). However, they go beyond BRPs in that 

they also take into consideration other objectives for ecosystem resource use such as 

conservation and socio-economic concerns. SRPs are derived from ecosystem indica-

tors and doing so requires integrative work to evaluate critical thresholds in a range of 

ecosystem indicators. SRPs are in development for multiple ecosystems and largely 

they have been used informally. Continued research and effort on multiple objective 

decision analysis is necessary to enable SRPs to be implemented operationally. In ad-

dition, some adaptation of current governance structures is necessary to fully use SRPs. 

Spatial planning is a useful tool for identifying and reducing conflicts among users of 

ocean resources. Marine spatial planning is both a tool, as used here, and also a broader 

process for use of that information.  Similar to Integrated Ecosystem Assessments, the 

process of marine spatial planning uses a stepwise approach (Ehler and Douvere 2009) 

that defines and analyzes both existing conditions and future conditions. In practice 

this process involves ‘optimizing’ a mix of uses via extensive stakeholder consultation 

and with the integration of multiple layers of GIS data for a particular ocean region 

where multiple resources are present. For example, spatial planning tools can be maps 

of major fishing grounds, shipping channels, conservation areas including wildlife mi-

gration routes, and ocean energy extraction sites can be overlaid to allow relevant 
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stakeholders, managers, and scientists to identify areas of potential conflict and/or syn-

ergy and to propose appropriate management actions. As this overlay of information 

is concrete and visual, it facilitates clear discussion and can be useful for tactical deci-

sion-making and scenario modeling. When implementing this tool, care must be taken 

to consider the time horizons of the data used and the management action. This ap-

proach is adapted from terrestrial ecosystems which may be less dynamic than marine 

environments. Climate change induced shifts in fish and marine mammal populations 

may make historical maps of fishing grounds obsolete in a relatively short time. 

Traits-based models are process based and of variable complexity, from simple trophic 

or size-based models to fairly complex complete descriptions of the food-web, though 

generally of lower complexity and less data-hungry than end-to-end models. Being of 

low to intermediate complexity simplifies development and deployment, but limits the 

accuracy. The strength of trait based models is their ability to inform strategic manage-

ment about inherent trade-offs between uses, for example, conflicts between fisheries, 

or as operational sub-models in management strategy evaluations. 

Models of Intermediate Complexity (MICE) are intermediate level models that are 

more than simple one taxa or process, but not full end-to-end ecosystem models. These 

models are used primarily in a tactical sense to make management decisions.  What 

distinguishes them from more classical single sector or single species approaches is 

that they attempt to incorporate at least some other facets of broader ecosystem con-

siderations. 

End-to-end models (or holistic ecosystem models) are mathematical representations of 

the physical, biological, and socioeconomic components of the focal ecosystem. These 

tools provide a useful quantitative summary of ecosystem functions and can be used 

to assess a wide-variety of trade-offs and may help to elucidate trade-offs which had 

not been previously considered. A major advantage of this approach is that when 

properly implemented, it engenders a full incorporation of the temporal and spatial 

dynamics of a system which allows a broad range of EBM actions to be considered. A 

disadvantage is that these can be time-consuming to develop because of the large quan-

tities of information required for input and calibration. Currently, end-to-end models 

are primarily used to support strategic decision-making and management strategy 

evaluations. As these models tend to be highly parameterized, conventional statistical 

theory used for less complex models has not been developed for these models. As a 

result, methods for demonstrating that the short-term projections from these models 

are reliable is an area where additional investigation is needed, although some pro-

gress is being made. Rather, these models often produce a bracketed range of accepta-

ble and unacceptable views of an ecosystem. End-to-end models have value as data 

catalogues in that they rapidly identify data gaps. They also provide insights into cu-

mulative effects, unintended consequences, and counterintuitive results. The challenge 

remains how to best use these in a management context. 

Management Strategy Evaluation involves the use of an operating model to simulate 

the biological and physical components of the system and a management model simu-

late the management procedures. Like MSP and IEAs, MSE can also be considered a 

full process, particularly with the engagement, interaction and iteration with stake-

holders. Here we use it in the partial sense of full MSEs, with simulations to evaluate a 

range of scenarios. The strength of this approach is that it enables sources of uncer-

tainty to be identified and simulated. The biophysical model can be used to capture 

scientific uncertainty, and the management model can be used to capture outcome and 

implementation uncertainty. These models are often the MICE or end-to-end models 
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noted above.  When used to simulate scenarios within the range of scientific and man-

agement uncertainties users will have a view of the range of outcomes of a manage-

ment action. In addition, this approach can be used to explore improvements in re-

search and monitoring that may help reduce uncertainty. A disadvantage is that these 

are complex modelling approaches so development time and data needs are relatively 

high. 

Ecosystems are complex; displaying information on ecosystems and trade-offs associ-

ated with different ecosystem resource use can get messy.  Exploring multiple options 

for resource management strategies adds an additional layer to the complexity of in-

formation to be displayed to and digested by managers and stakeholders. Thus some 

effort to simplify results is necessary. Scientists involved with analyzing ecosystem 

trade-offs would do well to present their analysis using graphics that are high in infor-

mation and low on ink. Tools such as spiderweb diagrams (or radar plots) have often 

been used to communicate ecosystem tradeoff analyses. Though these have been effec-

tive, they require a considerable level of explanation for managers and stakeholders 

who are unfamiliar with them. In addition, scientists have some pressure to prevent 

oversimplification so that managers and stakeholders have an understanding of the 

information that went into the analysis. Some level of stakeholder involvement with 

tool development and implementation can improve management uncertainty associ-

ated with the tool and the results of the trade-off analysis. Finally, scientists must con-

sider that static information displays on a page may not be particularly engaging for 

some stakeholders. A wide range of visualization tools merit further development. Ef-

forts such as VES-V1 and related are nascent efforts to showcase these trade-offs. Tools 

that enable interaction with and exploration of the information used for tradeoff anal-

ysis will support engagement of managers and stakeholders in the tradeoff analysis 

process and further decrease uncertainty in and conflicts associated with the results of 

the analysis. 

Within the broad class of tools listed here, there are a number of algorithms and soft-

ware packages that can be used. When deciding on what tools to use, the data available 

and objectives of the tradeoff analysis should be considered, and multiple tools may be 

used. In fact, multiple tool use is encouraged, as it supports an improvement in the 

certainty in decisions made using the tools. There is an inherent hierarchy in this list of 

tools, so the development of one tool may support future development or linkage of 

another model. For example, a mental model may help highlight areas of stakeholder 

concerns, which may be informative for a risk analysis. Gathering GIS maps necessary 

for spatial planning should provide a good base map and initial input data for an end-

to-end model. 

Though tool development may be a daunting task, the process is important for EBM. 

A well thought out tool development process will help to identify the key elements 

and connections to consider and incorporate a broad range of stakeholders, managers 

and scientists. Even if the tool has inadequate data to support binding decisions, the 

process will support a plan for conducting research and monitoring needed to provide 

those data.  

7.1 Key observations 

 There are many existing tools 

 No catalogues are listed here, but there are many 

                                                           

1 https://www.st.nmfs.noaa.gov/ecosystems/ebfm/ecosystem-modeling 
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 Development and advancement of tools remains a need 

7.2 Key Challenges 

 Use and uptake of tools in management more clearly 

 Better incorporation of socio-economic considerations, especially valuation 

measures 

7.3 Key Forward Looking Thoughts 

 Better visualization 

 Need to consider how to better use existing tools 

 How to operationalize tools 

Table 7.1. Overview of tools available for EBM tradeoff analysis.  Plus visualization of the outputs 

from those listed. 

Tool Use 

Level 

Data  

requiremen

ts 

Strengths Limitations 

 

Mental 

Modeling 

Heuristi

c 

Low Developing a shared 

understanding among 

stakeholders of key 

ecosystem interactions 

Represents the 

perception of 

tradeoffs in a 

system, not 

necessarily 

actual 

ecosystem 

interactions 

Ecosystem 

Indicators 

Heuristi

c to  

Tactical 

Medium Provide context on the 

status of the ecosystem 

and information on how 

management actions 

might affect ecosystem 

structure and 

productivity. 

necessary to 

obtain 

parsimonious set 

of indicators, 

too many can 

be 

overwhelming, 

too few may not 

adeequately 

represent 

ecosystem 

functioning. 

Systemic 

Reference 

Points 

Strategi

c to  

Tactical 

Medium to 

High 

Support decision 

making on a wide 

range of human actions 

that influence the 

ecosystem structure. 

Additional work 

necessary to 

familiarize 

managemnt 

with ecosystem 

function and to 

develop 

”intuition” about 

reference 

points. 

Risk Analysis Strategi

c 

Medium If developed in a way 

that incorporates 

stakeholders, this can 

be useful for 

understanding risk-

tolerance levels of 

stakeholder groups, 

Tolerance for risk 

can be highly 

variable among 

stakeholders, so 

addiitonal work 

is necessary to 
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which may inform 

managers on the 

acceptability of 

management actions. 

account for risk 

tolerance. 

Spatial 

Planning 

Strategi

c and 

Tactical 

Medium 

High 

Helps to inform where 

resource conflicts may 

arise. For resources that 

are not highly spatially 

variable, this may be 

appropriate for tactical 

decisions. 

Provides a 

static, spatial 

snapshot of key 

indicators, but it 

is difficult 

account for 

dynamic rates 

and processes. 

Trait based 

and size based 

modeling 

Strategi

c 

Low Individual and size 

based ecosystem 

theoretical models are 

used to challenge 

management 

questions. They are 

useful to explore future 

scenarios using different 

underlying assumptions 

compared to end to 

end models. They often 

result in evidence of 

alternative stable states 

and counter intuitive 

outcomes due to the 

impact of density 

dependence. 

This type of 

modeling may 

be unfamiliar to 

some mnangers, 

so some 

additional work 

is necessary to 

familiarize 

managers. 

Models of 

Intermediate 

Complexity 

Tactical Medium Used to make single 

sector or single species 

decisions cognizant 

and inclusive of 

broader ecosystem 

considerations 

Captures the 

indicators of 

ecosystem 

function that 

are considered 

to bey key; 

however, 

broader 

analytical work 

is necessary to 

ensure key 

interactions are 

not left out of 

the model. 

End-to-end 

models 

Strategi

c 

High Useful for developing a 

quantitative 

understanding of the 

spatial and temporal 

dynamics of the 

interactions between 

biological, physical, 

and socioeconomic 

components. 

Cosniderable 

time and effort is 

needed to build 

these 

comprehensive 

models. 

Visualization 

tools 

Heuristi

c 

Variables Better way to 

communicate 

information from which 

to make decisions 

Care must be 

taken not  to 

oversimplify key 

ecosystem 
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functioning with 

viasualizations. 

Management 

Strategy 

Evaluation 

Strategi

c and  

Tactical 

High Provides a formal 

framework for testing 

management actions 

and understanding 

relative changes in 

biological and 

socioeconomic 

components of the 

ecosystem for given 

actions. 

Considerable 

effort is 

necessary to 

build modeling 

system for 

holistic MSE as 

well ass 

familiarize 

managers with 

the approach. 
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8 Research priority area - criteria for identification 

The working group suggested that there were three key issues when considering re-

search priorities. 

8.1 Common language as basis for collaboration 

One of the big challenges the working group faces is the lack of consistency in termi-

nology and common understanding of concepts that are the foundation for cooperation 

on an Ecosystem Approach to Ocean Health and Stressors. The group has identified 

and debated and accepted definitions of some of the important terms (see Glossary2).  

The working group also identified areas where the development of common terminol-

ogy remains an impediment to advancing collaboration. The group proposes the de-

velopment of sub working groups to collect existing approaches and to recommend 

common terminology and definitions (see section 3.1). 

8.2 Criteria to be used for prioritization  

The working group recommend that the following criteria be used when evaluating 

research priorities for AORA ecosystem approach to ocean health and stressors. 

Of general relevance to AORA 

 The research question, process or issue studied are on a scale (scope, geo-

graphic, expertise, infrastructure) that is basin relevant and not amenable to 

single party research  

 The priority aligns with funding opportunities 

 The priority takes advantage of existing opportunities – provides "value 

added research” 

Of relevance to WG Ecosystem Approach to Ocean Health and Stressors 

 The priority is relevant to management needs 

 Research should be prioritized according to risks to the ecosystem (including 

people) and the blue economy 

 The priority addresses known and significant knowledge gaps (integration 

considerations) 

 The priority is of relevance to stakeholders 

8.3 Priority research areas emerging from WG effort 

The working group provided a list of potential research priorities for ecosystem ap-

proach to ocean health and stressors. It is based on the analysis to date, and was syn-

thesised during the workshop. This list has not been peer reviewed or ranked.  

 Cumulative effects (relevance of stressor scale will be important) 

 Carrying capacity (broadly defined)  

 Tipping points/thresholds/non-linear responses 

 How to improve the transfer of research to advice to policy and management 

                                                           

2 http://community.ices.dk/projects/AORAC-SA_WP4/January_2017/Working_documents/2017-

01_Glossary_of_terms_ocean_health_stressors.xlsx?Web=1  

http://community.ices.dk/projects/AORAC-SA_WP4/January_2017/Working_documents/2017-01_Glossary_of_terms_ocean_health_stressors.xlsx?Web=1
http://community.ices.dk/projects/AORAC-SA_WP4/January_2017/Working_documents/2017-01_Glossary_of_terms_ocean_health_stressors.xlsx?Web=1
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 Multi scale adaptive capacity (change is coming, how may society, organ-

isms, ecosystems adapt?) 

 Furthering decision-support science to evaluate trade-offs particularly for 

emerging or non-traditional sectors ex. Biotech 

 Best approaches to characterize, quantify and assess the "invisible connec-

tions". These are attempts to understand and characterize the invisible fabric 

of connections among species, physics, process, and human systems of ma-

rine ecosystems. 

 Stressors caused by distant activities (far field effects) 
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9 Research Exchange 

In order to advance the Galway Statement agenda, there are three areas for action 

identified; 

1) Stocktaking of and using existing bilateral/multilateral science and technol-

ogy cooperation frameworks 

2) Recommending priorities for future cooperation 

3) Coordinating the planning of programming of activities including promoting 

researcher mobility. 

Globally, governments, funding agencies, universities and foundations extensively 

use researcher mobility schemes to develop research excellence. This is done through 

the funding of fellowships that can be short or long term, providing funding to cover 

salary, research costs, as well as travel and training costs. The purpose of these fel-

lowships should be to create a transatlantic network of excellence in marine research, 

education and training composed of public (academic and research) and private par-

ticipants. The use of mobility fellowships is an excellent tool for implementing the 

Galway Statement agenda, given the geographical spread of the organisations in-

volved. 

Researcher exchanges are also beneficial to institutes providing staff opportunities for 

research training, professional development, as well as fostering a dynamic environ-

ment conducive to innovation, international collaboration, and scientific diplomacy.  

 

There is a great wealth of knowledge and research capability in the three partner ju-

risdictions and these can be pooled and shared through the movement of researchers 

at all levels. In order to have a distinct branding of marine researchers in this context 

the generic term Atlantic Fellowship is introduced to cover all forms of researcher 

capacity/mobility for all researcher career stages from PhD to Professor. 

 

The Ecosystem Approach to Ocean Health and Stressors Working Group have added 

to the Atlantic Fellowship proposal see Table 9.1 below and as follows: 

Marine Research & innovation Managers and Administrators 

These could be short-term international fellowships for providing continuing profes-

sional development training courses, workshops, staff exchange programmes includ-

ing Administrations. For example, participation in seagoing expeditions or short-term 

research and innovation programme management stays. Thought could also be given 

to introducing a form of public/public fellowship that would facilitate research and 

innovation managers and administrators being seconded to relevant public bodies as 

part of a knowledge and innovation exchange programme. 

Table 9.1 Researcher, Manager and Administrator Career Stages and Mobility 

R1 R2 R3 R4 

First Stage Researcher 
(PhD) 

Recognised Researcher 
(Postdoc) 

Established Researcher (Sen-
ior Researcher) 

Leading Researcher (Profes-
sor) 
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Geographical Mobility (>3months) Geographical Mobility 
(<>3months -1 year)  

Geographical Mobility 
(<3months) 

Virtual Mobility at all stages 

Interdisciplinary Mobility at all stages 

Intersectoral Mobility at all stages 

Marine Research & Innovation Manager/Administrator  

Along with the modifications of the Atlantic Fellowship Programme, the working 

group recommends the creation of a training course on the impediments of develop-

ing and applying science for EBM. This will follow train participants in best practice 

and highlight pitfalls and address expectations. This could be carried out in partner-

ship with the ICES training programme.  
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10 Next steps 

Building on summary of Brest (June 2016) meeting, the working group recommends 

the following workshops and training course: 

 A two hour workshop at the ASC to raise awareness of the issues when trans-

ferring science into ecosystem based management. Sept 2017, USA 

 An AORA WG workshop on the major mandates that govern marine activi-

ties and the stressors which can impact ocean health. The meeting will iden-

tify blocks to the incorporation of science into the management process and 

bring together experts that study the systems. The review will also illustrate 

potential recommendations to improve the take up of science into ecosystem 

based management. 

 An AORA WG workshop with researchers on social assessment of impacts of 

ocean stressors to explore the research priorities underlying the impact of 

stressors and mitigation measures on society. Consideration of the ocean 

stressors and ocean health issue in the context of blue growth requires en-

gagement with researchers from beyond the natural sciences, namely social 

scientists. This workshop would facilitate this engagement. 

 The proposed subgroup on stakeholder engagement would provide options 

and proactive approaches for further dialogue and consultations with stake-

holders.  

 An AORA WG workshop on the impediments of bringing science into EBM. 

This workshop would use case studies of tools and knowledge being success-

fully applied to draw up a best practice guide. 

10.1 Proposed Road Map 

The working group proposed the following road map for forthcoming activities. 

1. Vocabulary: Establish common vocabulary as a basis for collaboration, terms 

and tools 

This will be ongoing, and a sub-working group shall be formed to advance the 

topic. Production of common communication materials regarding the ecosys-

tem approach in a multi-sectoral, multi-stressor, multi-mandate context will be 

developed. 

 Periodically updated/maintained glossary; ongoing. 

 Communication materials for outreach/engagement (2 leaflets/video), 

training (4 sessions), and general use; Q3, 2017 

2. Stakeholders: Engage all ocean-use stakeholders, and cross-pollinate across 

sectors, to ascertain what needs are from all stakeholders 

A sub-working group will be formed to develop a wide, multi-sector engage-

ment strategy. This will be ongoing and integrated as other products are de-

veloped and catalysed by input from other projects such as H2020 ATLAS and 

SponGES (Blue Growth sectors and marine biotechnology respectively). Stake-

holder feedback on the vision and research priorities defined by the working 

group is important and further work to engage with sectors is needed.  

 The proposed subgroup on stakeholder engagement would provide op-

tions and proactive approaches for further dialogue and consultations 

with stakeholders. Initial Strategy Q3, 2017  

 Development of online surveys, and online consultation Q4 2017 
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 Improved visualization tools, Q1, 2018 

3. Mandates: Enhance the uptake of science for EBM through characterization 

of relevant mandates and governance structures; relate them to one another 

and compare across jurisdictions. 

Engage social and political scientists to review in a sub-working group, culmi-

nating in a workshop to synthesize the findings. 

 An AORA WG workshop on the major mandates that govern marine ac-

tivities and the stressors which can impact ocean health. The meeting 

will identify blocks to the incorporation of science into the management 

process and bring together experts that study the systems. The review 

will also illustrate potential recommendations to improve the take up of 

science into ecosystem-based management. Q3-4, 2017, TBD 

4. Link sectors and ecosystem: Characterize all ocean-use sectors; characterize 

stressors, and ecosystem characteristics; and relate them to one another, as 

well as mandates above.  

These and many other issues will be addressed via correspondence with ex-

panded membership from Galway states in a sub-working group, culminating 

in a workshop to synthesize the findings 

 An AORA WG workshop with researchers on social assessment of im-

pacts of ocean stressors to explore the research priorities underlying the 

impact of stressors and mitigation measures on society. Consideration of 

the ocean stressors and ocean health issue in the context of blue growth 

requires engagement with researchers from beyond the natural sciences, 

namely social scientists. This workshop would facilitate this engage-

ment. Q4 2017/Q1 2018, TBD 

5. Identify gaps: Establish means to use existing information and identify 

knowledge gaps and support the mechanisms to address them. 

 Leverage vessel coordinator efforts from other AORA working 

groups and funded projects to ensure it needs this working group 

 Report on further identification of knowledge gaps obtained in steps 

3 and 4 (via online consultation) Q1, 2018 

 Workshop to identify solutions for over-coming impediments of 

bringing science into EBM focused on knowledge gaps. Q4, 2017, 

TBD 

6. Tools for EBM: Identify and recommend tools, or tools for development and 

application, to address trade-offs across ocean-use sectors 

How to operationalize tools has remained a major challenge. How can EBM 

science outputs best be taken up into the various governance venues (i.e. man-

agement processes), or do new venues need to be explored. These will be ad-

dressed via a series of workshops.  

 Improved visualization tools, Q1, 2018 

 An AORA WG workshop on the impediments of bringing science into 

EBM. This workshop would use case studies of tools and knowledge be-

ing successfully applied to draw up a best practice guide. This will be 

leveraged with related IMBER efforts. Q2-3, 2018, TBD 

7. Communication: Establish training and communications materials 
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To address some of the communication and standardization issues, as well as 

enhance networking among AORA working group members and provide op-

portunities for professional development, a series of training workshops will 

occur. 

 A two hour workshop at the ICES ASC to raise awareness of the issues 

when transferring science into ecosystem based management. Sept 2017, 

USA 

 A formal training course on EBM to be organized by AORAC-SA WP4 to 

describe the ecosystem approach in a multi-stressor, cumulative effects, 

multi-scale, mutli-sector, multi-jurisdictional context.  Q2, 2018, Copen-

hagen, Denmark 

8. Research Priorities: Synthesise recommendations for research priorities to 

implement EBM 

This report will allow for alignment of member state research priorities, plan-

ning, programming, and resource allocation to be harmonized and coordi-

nated across the north Atlantic ecosystem. On-going; Q2, 2018. 
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Figure 10.1 Timeline of planned work including major tasks and milestones 
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