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    Executive Summary  

The National Oceanic and Atmospheric Administration’s (NOAA’s) National Marine 
Fisheries Service (NOAA Fisheries) strongly supports implementation of Ecosystem-Based 
Fisheries Management (EBFM) as the best practice for management of living marine 
resources. NOAA Fisheries updated its EBFM Policy in 2024, providing the background, 
definition, rationale, and legislative context for implementing EBFM under relevant 
mandates.  

The purpose of this Road Map is to guide and enhance NOAA Fisheries’ efforts to 
implement the EBFM Policy over the next five years and, as part of that work, guide NOAA 
Fisheries’ efforts to advance climate-ready decision-making, which includes climate-
informed science and management for trust resources and habitats. NOAA Fisheries’ EBFM 
Policy provides six Guidelines to implement EBFM, builds on past progress, and clarifies 
NOAA Fisheries’ commitment to integrating its management programs for living marine 
resources and their habitats.  

The NOAA Fisheries EBFM Road Map provides a national implementation strategy for the 
Policy. This Road Map describes how to operationalize the Policy’s six Guidelines, each of 
which is organized with three Goals, and then one or more Action Items to implement each 
Goal. These Guidelines are: 

1. Implement ecosystem-level planning  
2. Advance our understanding of ecosystem processes  
3. Prioritize vulnerabilities and risks to ecosystems and their components 
4. Explore and address trade-offs within an ecosystem 
5. Implement ecosystem considerations into management  
6. Support ecosystem resilience via monitoring and adjusting of management actions 

This Road Map’s Guidelines, Goals, and the Action Items are actionable steps for 
implementing EBFM within NOAA Fisheries. NOAA Fisheries will review and, as 
appropriate, update the Road Map every five years. This will enable NOAA Fisheries to 
address further guidance on EBFM or as the needs of NOAA Fisheries and its partners 
evolve.  

 

     1 Background, Purpose, Scope, and Resources of the EBFM Road Map  

NOAA’s National Marine Fisheries Service (NOAA Fisheries) strongly supports 
implementation of Ecosystem-Based Fisheries Management (EBFM) as the best practice for 
management of living marine resources. Doing so enables better engagement with, 



 

3 
 

information to, and education for management partners, stakeholders, and the public.1 
NOAA Fisheries relies on EBFM to improve decisions with and for management partners on 
the trade-offs among and between fisheries (commercial, recreational, ceremonial, and 
subsistence), aquaculture, protected resources conservation and recovery,2 biodiversity, 
habitat management and restoration, and other human values and needs in communities 
that depend on ocean-related ecosystem services. Additionally, accelerating climate change 
will not only affect the physical environment, but also living habitats, whole ecosystems, 
human communities, and ocean use priorities, and thus is an important consideration of 
EBFM.  

Coordinated implementation of EBFM across mandates will lead to greater efficiency and 
will enable NOAA Fisheries to consider trade-offs that affect, or are affected by, fisheries. 
EBFM is an adaptive process requiring regular updates to improve and integrate science 
and management programs. This updated 2024 EBFM Policy and Road Map outlines 
specific actions to advance how NOAA Fisheries integrates social, economic, habitat, 
climate change, ecological, ocean-use, and ocean condition information needs with policy 
planning. Understanding ecosystems and how they are altered by climate change allows 
NOAA Fisheries to better respond to the needs of management partners, stakeholders, and 
the public.  

Background 

NOAA Fisheries has been moving towards EBFM for decades (NMFS 1987, EPAP 1998, Link 
2002a, Link 2002b, SAB 2006, NOAA 2006, Levin et al. 2008, Levin et al. 2009), and first 
developed and implemented its EBFM Policy and Road Map in 2016 (NMFS 2016a, NMFS 
2016b.) The 2016 EBFM Policy and Road Map provided management context and broad 
science priorities that informed NOAA and NOAA Fisheries’ ecosystem work (e.g. 
integrated ecosystem assessments or IEAs), and strengthened internal capacity to produce 
ecosystem science and information for fisheries management. Through these efforts, NOAA 
Fisheries helped develop best practices for identifying oceanographic, biological, social and 
economic indicators for fisheries management.  

NOAA Fisheries’ EBFM Policy (NMFS 2024) defines EBFM as: a systematic approach to 
fisheries management in a geographically specified area that contributes to: the resilience 
and sustainability of the ecosystem; recognizes the physical, biological, economic, and social 

                                                           
1 NOAA Fisheries’ management partners commonly include: Regional Fishery Management Councils, Marine 
Fisheries Commissions, Regional Fishery Management Organizations, States, Tribes, indigenous communities, 
other NOAA line offices, and other Federal offices and agencies. 
2 “Protected resources” include all mammals, turtles, fish, and invertebrates managed by NOAA Fisheries that are 
either listed as threatened or endangered under the Endangered Species Act (ESA), or that are protected under the 
Marine Mammal Protection Act (MMPA). 

https://www.fisheries.noaa.gov/s3/2024-02/Revised-EBFM-Policy-FINAL-2.12.24-508-signed-JC.pdf
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interactions among the affected fishery-related components of the ecosystem, including 
humans; and seeks to optimize benefits among a diverse set of societal goals. The mandates 
outlined in the EBFM Policy require NOAA Fisheries to use the best scientific information 
available to manage U.S. marine fisheries, which drives continuous evaluation of and 
improvement to the nation’s understanding of living marine resource science, 
conservation, and management.  

In response to this, and as part of NOAA Fisheries’ standard review of existing policies and 
procedures, NOAA Fisheries updated its EBFM Policy in 2024, providing the background, 
definition, rationale, and legislative context for implementing EBFM under relevant 
mandates.  

The EBFM Policy provides six Guidelines for implementation: 

1.      Implement ecosystem-level planning. 

2.      Advance our understanding of ecosystem processes. 

3.      Prioritize vulnerabilities and risks to ecosystems and their components. 

4.      Explore and address trade-offs within an ecosystem. 

5.      Implement ecosystem considerations into management.     

6.      Support ecosystem resilience via monitoring and adjusting of management 
actions. 

The EBFM Policy also provides three goals for each of the above six Guidelines. To facilitate 
implementation of the Policy, this Road Map identifies action items to implement the goals 
underneath each of the six Guidelines. More information and detailed guidance on the 
action items needed to continue developing and implementing EBFM is in Section 2.0.  

Purpose 

The purpose of this Road Map is to guide and enhance NOAA Fisheries’ efforts to 
implement the EBFM Policy over the next five years. It will advance climate-informed 
science and management planning and climate-ready decision-making3 for trust resources4 
and habitats. U.S. managed marine and estuarine ecosystems are vast and diverse, and are 
intricately entwined with each other as well as the effects of Earth’s changing climate. 
                                                           
3  Climate-ready trust resource management decision-making operationally considers and manages for the effects 
on, mitigation of, and adaptation to the many ways in which climate change can affect targeted and other trust 
resource populations, fisheries, and the communities associated with them. 
4  NOAA Fisheries’ trust resources are the living and nonliving natural resources managed by the United States, any 
State, an Indian tribe, or a local government. 

https://www.fisheries.noaa.gov/s3/2024-02/Revised-EBFM-Policy-FINAL-2.12.24-508-signed-JC.pdf
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NOAA Fisheries’ obligation to optimize the benefits from fisheries within each U.S. marine 
ecosystem lies at the heart of the Magnuson-Stevens Fishery Conservation and 
Management Act (MSA), which intends fishery conservation and management measures to 
assure that wild-caught fisheries support a supply of food and other products, and 
recreational benefits, on an ongoing basis while not compromising the long-term abilities 
of our ecosystems to provide those benefits to the nation into the future. EBFM recognizes 
the interconnectedness of ecosystem components as essential to supporting resilient and 
productive ecosystems and to supporting associated human communities, activities, and 
well-being.   

This Road Map is also intended to coordinate EBFM efforts among NOAA Fisheries Science 
Centers (FSCs), Regional (ROs) and headquarters offices, Regional Fishery Management 
Councils (Councils), Marine Fisheries Commissions, Regional Fishery Management 
Organizations (RFMOs), States, Tribes, indigenous communities, and other critical domestic 
and international partners, stakeholders, and NOAA line offices. The Road Map supports 
multiple mandates, and is not an additional requirement for meeting those mandates. Many 
EBFM efforts are already underway within and beyond NOAA Fisheries, and this Road Map 
will leverage existing efforts to more effectively coordinate among them. The goal of EBFM 
and this Road Map is to more efficiently use existing work and knowledge by improving 
coordination and integration across NOAA Fisheries. 

This Road Map outlines a refined process for NOAA Fisheries to implement EBFM and 
describes expected future work with partners, stakeholders, and the public. NOAA 
Fisheries recognizes the role that management partners play in shaping priorities, policy, 
and approaches for trust resources management and EBFM implementation. This Road 
Map offers action items for science and management processes that build on the historic 
scope of NOAA Fisheries’ work, and in connections with partners. The timing of the 
execution of Road Map’s action items is based on priority, need, scope, and resourcing. 
Some action items may be aspirational for some or all regions, while others will be readily 
achieved. NOAA Fisheries supports nationwide consistency across common issues, while 
remaining flexible to varying regional EBFM implementation strategies. EBFM continues to 
evolve with changing conditions and access to information. This Road Map is focused on 
what progress NOAA Fisheries and its partners can make over the next five years in 
understanding and managing NOAA trust resources in a more holistic manner. 

Scope and Resources 

EBFM must be scalable and flexible to account for the geographic scope of different 
management actions and the ecosystems they affect. Living marine resource management 
must occur at multiple spatial, temporal, and governance scales that  differ within and 
across major U.S. jurisdictions. NOAA Fisheries’ six EBFM Policy Guidelines are flexible 



 

6 
 

enough to accommodate different geographic or governance scales while providing 
consistent national guidance. 

The 2016 EBFM Road Map emphasized and focused on the U.S. Large Marine Ecosystems 
(LMEs, Sherman 1991) and partnerships with the Councils. This updated EBFM Road Map 
recognizes that management challenges often occur at scales smaller than LMEs as well as 
across LMEs and ocean basins. Addressing challenges at varying spatial scales and with 
partners across multiple jurisdictions can ultimately support ecosystem resiliency.  

NOAA’s IEA approach is a science framework for integrating and synthesizing a wide range 
of inputs, information, and efforts. IEAs are used domestically and internationally to 
translate marine ecosystem science into a range of management advice. The IEA approach 
serves as a model for NOAA Fisheries to continue to advance its science capabilities at its 
FSCs. But can also provide outputs useful for management decisions in multiple venues.  To 
implement this EBFM Road Map, NOAA Fisheries needs improved engagement and 
coordination between existing programs, new initiatives, temporary funding plans, and 
headquarters offices that support ecosystem and climate science. These include but are not 
limited to the NOAA IEA program, the Climate, Ecosystems, and Fisheries Initiative (CEFI), 
planning for Bipartisan Infrastructure Law (BIL) and Inflation Reduction Act (IRA) funding, 
and the Offices of Habitat Conservation, Protected Resources, Science and Technology and 
Sustainable Fisheries. NOAA Fisheries’ recognizes that the scope of science needed to 
support EBFM must draw from the input and ideas of a wider array of partners. 

The initial 2016 Road Map called for each headquarters office, FSC, and RO within NOAA 
Fisheries to develop sets of milestones to address EBFM. Although NOAA Fisheries’ 
headquarters and each of the RO-FSC partnerships in the country created Road Map 
implementation plans, the development of similar documents arising from many recent 
strategic planning documents makes that approach duplicative and therefore not 
recommended as part of the updated Road Map. To make EBFM activities an integral part 
of the annual budget planning process going forward, NOAA Fisheries will prioritize EBFM 
milestones in regular annual strategic planning processes at each Financial Management 
Center within NOAA Fisheries. Within 18 months of the release of this Road Map, each 
NOAA Fisheries FSC, RO, and headquarters office5 will bring action items and other 
elements of this Road Map into milestones in their own strategic planning priorities, 
documents, and actions. NOAA Fisheries will seek efficiencies by working with appropriate 
regional management partners and stakeholders to align or coordinate these milestones 

                                                           
5 Including the Office of Sustainable Fisheries, the Office of Habitat Conservation, the Office of Science and 
Technology, and the Office of Protected Resources. The NOAA Fisheries Atlantic Highly Migratory Species 
Management Division will include their milestones in the appropriate document (HQ, NE, or SE).  
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with other related ecosystem activities, climate priorities, and required statutory 
obligations. 

Rising awareness of and interest in addressing impacts of changing climate and ocean 
conditions brings new opportunities and challenges for NOAA Fisheries’ work. This Road 
Map will harmonize efforts to meet those opportunities and challenges in a more 
integrated and systematic manner. Supporting climate-ready fisheries, fishing 
communities, and science and management planning for trust species and habitat is not a 
separate mission from implementing EBFM. Through this new iteration of the Road Map, 
NOAA Fisheries will improve connections between science and management processes to 
better account for and understand variations among ecosystems, and to accelerate the 
responsiveness of managers to the effects of climate variability and change on fisheries and 
trust resources. NOAA Fisheries’ experience under its resource conservation and 
management mandates and the 2016 EBFM Policy and Road Map has shown that working 
together towards ecosystem-based goals creates successes that build on each other for 
positive outcomes for our trust resources and fishing communities. 

2 Implementation of EBFM 

This section of the Road Map expands on the EBFM Policy, providing greater detail for each 
of the guidelines and delineating, in broad terms, NOAA Fisheries’ priorities for continued 
advancement toward EBFM. 
To operationalize EBFM, 
NOAA Fisheries needs to 
incorporate and align the 
EBFM guidelines, goals, and 
action items into future 
plans through  geographic 
strategic plans; annual 
guidance memoranda; 
annual priorities, goals, 
milestones, and strategic 
planning documents; and 
staffing and performance 
plans. In particular, FSCs, 
ROs, and headquarters 
offices will include 
priorities in planning 
documents’ milestones and completed work that: 

Figure 1:The 6 EBFM Guidelines, with plain language descriptions inset 
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1. Represent progress on a single action or guideline; 
2. Represent coordinated progress on multiple, connected actions or guidelines 

directed at a particular issue or need; 
3. Together connect actions spanning Guidelines 1 through 6. 

Successful implementation of the Road Map’s action items will be based on priority, need, 
scope, and resourcing.  

Guideline 1 - Implement ecosystem-level planning 

Guideline 1 calls for developing and implementing ecosystem-level planning in cooperation 
with management partners and stakeholders. NOAA Fisheries anticipates that regions will 
vary with respect to interest in and knowledge of ecosystem-level planning, which will lead 
to diverse approaches to EBFM and ecosystem-level planning. Identifying ecosystem-
oriented goals and objectives at regional levels are important for guiding NOAA Fisheries’ 
work on EBFM, climate-ready fisheries, and designing new science efforts under CEFI and 
other funding programs.  

NOAA Fisheries cannot implement EBFM without significant engagement from its partners 
and interested stakeholders. Many partners use strategic planning documents to describe 
and integrate ecosystem goals, objectives, and priorities across multiple fisheries and to 
plan for the effects of various pressures on fisheries within an ecosystem. Under Guideline 
1, NOAA Fisheries’ goals are: 

a. Support and provide guidance or assistance in the development and execution of 
Fishery Ecosystem Plans (FEPs), or other umbrella strategic planning documents, to 
describe and integrate ecosystem goals, objectives, and priorities for fisheries and 
ecosystem research (including climate-related), conservation, and management 
across multiple fisheries within an ecosystem.  

b. Incorporate EBFM goals and objectives, including anticipated climate impacts, into 
NOAA Fisheries operational and strategic planning and prioritization at all agency 
levels. 

c. Facilitate EBFM coordination across all elements of NOAA and its partners. 

Ecosystem-level planning and communication will clarify long-term ecological, economic, 
and social goals, objectives, and priorities across NOAA Fisheries’ multiple mandates and in 
partnership with its diverse stakeholders.  
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Goal 1.a: NOAA Fisheries will support and provide guidance or assistance in the 
development and execution of FEPs, or other umbrella strategic planning 
documents, to describe and integrate ecosystem goals, objectives, and priorities 
for fisheries and ecosystem research (including climate-related), conservation, 
and management across multiple fisheries within an ecosystem. 

FEPs are policy planning documents that the Councils, NOAA Fisheries, and related 
partners may use to describe ecosystem objectives and priorities for fishery science and 
management, and to inform development of, or replace, fishery management plans (FMPs) 
or FMP amendments. Policy makers, including the Councils and NOAA Fisheries, can use 
strategic planning documents like FEPs, to better understand interactions between 
environmental processes and human activities, and the cumulative effects of our actions on 
the environment. FEPs may be used to provide information on the fundamental physical, 
chemical, biological, and social and economic structures and functions of ecosystems. They 
can be valuable for describing the relationships between living marine resources, human 
benefits from those resources, and other human activities that affect living marine 
resources and their habitats and biodiversity. They can also outline ecosystem-scale policy 
priorities and the decision framework and processes for incorporating ecosystem 
information and considerations into management. Prior to and since the development of 
the 2016 EBFM Road Map, NOAA Fisheries staff have been participating in working groups 
at Councils and in other organizations to support the development and implementation of 
FEPs and other strategic planning documents (e.g., SAFMC 2009, NPFMC 2015, PFMC 
2022). Recognizing the excellent and ongoing work happening within Councils, NOAA 
Fisheries (Wilkinson and Abrams 2015, Marshall et al. 2018), and elsewhere, the action 
item that NOAA Fisheries will use to develop annual and longer-term milestones to 
implement Goal 1.a is: 

Action Item 1.a.1: Assist living marine resource management partners in their 
development of new, or revised, ecosystem-level goals and objectives within FEPs or 
other ecosystem-wide strategic planning documents.  

In 2024 and beyond, NOAA Fisheries will implement Goal 1.a by appointing NOAA Fisheries 
staff, as requested, to the working groups and other advisory bodies that support the 
mission and goals of NOAA Fisheries’ management partners in developing FEPs and 
strategic planning documents. In making U.S. fisheries climate-ready, NOAA Fisheries will 
support goals and objectives that, among other priorities, align with this EBFM Road Map’s 
Action Item 3.c.1, which calls for mitigating risk by identifying and improving existing 
regulatory responses to potential rapid within-year changes in catch rates of target species 
and bycatch rates of non-target and protected resources.  

https://safmc.net/documents/comprehensive-ecosystem-based-amendment-1/
https://safmc.net/documents/comprehensive-ecosystem-based-amendment-1/
https://www.npfmc.org/bering-sea-fishery-ecosystem-plan/
https://www.pcouncil.org/the-fishery-ecosystem-plan/
https://www.pcouncil.org/the-fishery-ecosystem-plan/
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Goal 1.b: NOAA Fisheries will incorporate EBFM goals and objectives, including 
anticipated climate impacts, into NOAA Fisheries operational and strategic 
planning and prioritization at all agency levels. 

NOAA Fisheries’ mission is to provide science-based conservation and management for 
trust resources, and for sustainable fisheries and aquaculture. A forward-thinking, 
ecosystem-based perspective on implementing NOAA Fisheries’ mission and mandates is 
needed under rapidly changing climate, social, and economic conditions. Goal 1.b is about 
ensuring that national and regional operational and strategic planning documents, 
milestones, and actions address ecosystem-based and climate-ready management of 
fisheries and trust resources, and planning for multiple ocean uses. Lessons learned from 
different regional approaches and priorities developed to implement  NOAA Fisheries’  
2015 Climate Science Strategy and 2016 EBFM Policy and Road Map are the foundation for 
future action.  

Incorporating EBFM goals and objectives into operational and strategic planning has 
included maintaining positions for a Senior Scientist for ecosystem-based management and 
a national EBFM coordinator, and the national and regional IEA programs. Operational 
EBFM also includes updating the national Stock Assessment Improvement Plan (Lynch et 
al. 2018) and the national marine Habitat Assessment Improvement Plan (Peters et al. 
2018), and establishing ecosystem-oriented terms of reference for stock assessments 
around the nation (see Guideline 5 below). For 2024 and beyond, the action item that 
NOAA Fisheries will use to develop annual and longer-term milestones to implement Goal 
1.b is: 

Action Item 1.b.1: Include and prioritize EBFM Road Map action items in key 
regional and national strategic and operational documents.  

The Road Map can help build NOAA Fisheries’ climate-ready science and management 
programs and can support multiple ocean use planning. To do this, action items of this 
Road Map need to be included in NOAA Fisheries strategic planning and prioritization. 
Road Map action items also need to be included and prioritized in reviews and future 
iterations of operational guidance documents.6  

NOAA Fisheries uses a variety of operational and strategic planning processes to prioritize 
its work. Strategic plans and annual guidance documents set priorities across programs 
and research areas for NOAA Fisheries’ ROs, FSCs, and headquarters offices. Topic-specific 
operational guidance documents set national priorities for work within those specialty 
                                                           
6 E.g., Stock Assessment Improvement Plan, Stock Assessment Terms of Reference, Habitat Assessment 
Improvement Plan, recovery plans for ESA-listed species, National Coral Reef Resilience Strategy, Watershed 
Management Plans, IEA three-year work plans, NOAA Fisheries Climate Science Strategy Plans, CEFI decisional 
support guidance, etc. 

https://spo.nmfs.noaa.gov/sites/default/files/TM183.pdf
https://spo.nmfs.noaa.gov/sites/default/files/TM183.pdf
https://spo.nmfs.noaa.gov/sites/default/files/TMSPO181_0.pdf
https://spo.nmfs.noaa.gov/sites/default/files/TMSPO181_0.pdf
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focus areas. By including, addressing, and coordinating EBFM and climate-readiness in 
NOAA Fisheries’ operational and strategic planning work, actions taken under Goal 1.b will 
set up work to be conducted under Guidelines 2 through 6. 

Goal 1.c: NOAA Fisheries will facilitate EBFM coordination across all elements of 
NOAA Fisheries and its partners. 

The 2016 EBFM Road Map included action items to develop engagement strategies to 
facilitate the participation of partners and stakeholders in the EBFM process. Successful 
coordination and collaboration have been particularly evident where NOAA Fisheries has 
supported and maintained staff teams to jointly share and address science and 
management concerns around these large-scale and strategic issues.  

NOAA Fisheries’ communication and coordination work includes both broad 
communication items aimed at the public such as news releases, articles, and websites, and 
targeted communication items like reports to partner management organizations. Building 
on the communication and coordination action items from the 2016 EBFM Road Map, the 
action items that NOAA Fisheries will use to develop annual and longer-term milestones to 
implement Goal 1.c are:  

Action Item 1.c.1: Establish and maintain joint staff EBFM and/or climate teams for 
each major U.S. management region7 to ensure planning and coordination across 
Headquarters Offices, Regional Offices and Science Centers.  

Action Item 1.c.2: Develop, coordinate, and disseminate a national EBFM 
communication plan, including regular national reporting on progress towards 
EBFM Road Map action items. 

NOAA Fisheries’ staff teams, working cooperatively to address ecosystem and climate 
issues across different areas of program responsibility, have successfully collaborated to 
improve NOAA Fisheries’ responsiveness to ecosystem and climate challenges (e.g., Bastille 
et al. 2020, Clay et al. 2020, Spooner et al. 2021). Action items under Goal 1.c support staff 
and leadership collaboration, call for continuing or establishing formal collaborations, and 
ensure that staff participating in these collaborative teams are recognized for their work. 

Communication for EBFM and climate-ready science and management can highlight 
successes, promote collaboration and learning across regions, and support sharing 
scientific information with partners, stakeholders, and the public. NOAA Fisheries will 
update and improve its efforts to build public and general understanding of what EBFM is, 
why it is important in preparing for the future, and where to focus work conducted under 
                                                           
7 Typically Regional Office and Fisheries Science Center staff working together to support NOAA Fisheries’ missions 
and projects under the MSA, ESA, and MMPA. 
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this Road Map. This work also includes updating and maintaining ecosystem-oriented 
webpages (e.g., NOAA Ecosystem and EBFM pages, NAMES,8 DisMAP,9 IEA,10 essential fish 
habitat pages,11,12 Deep Sea Coral and Sponge Map Portal,13 PRiSM,14 climate vulnerability 
assessment pages,15 Marine Cadastre,16 etc.), developing strategies and then implementing 
them for more widespread dissemination of key ecosystem reports (e.g., ecosystem status 
reports (ESRs)), and supporting the NOAA Library’s popular EBM/EBFM seminar series. 
For 2024 and beyond, NOAA Fisheries will improve its communication of ecosystem and 
climate information with decision-makers and the public, using more iterative 
communication processes (e.g., Townsend et al. 2019), tailoring communication products 
for particular audiences (e.g., AFSC 2023), and revamping NOAA Fisheries’ EBFM and 
climate-ready web presence. 

In support of Goal 1.c, NOAA Fisheries will develop clear and concise science 
communication that helps managers and the public understand the potential impacts of 
near-term climate variability and climate anomalies on managed fish stocks, fisheries, 
protected resources, and their habitats. NOAA Fisheries will prioritize improving science 
communication so that it better serves underserved coastal communities that are often 
disproportionally affected by climate variability and change.  NOAA Fisheries will also 
report on progress to-date under the 2016 EBFM Road Map, and will provide a 
retrospective report on successes and challenges in implementing the 2016 EBFM Road 
Map. The NOAA Fisheries EBFM Workgroup will also report to the Leadership Council on 
progress and gaps under the 2024 EBFM Road Map every two years, beginning in 2026. 

Understanding the perspectives and priorities that management partners and stakeholders 
bring to EBFM must be a priority effort for NOAA Fisheries under this Road Map. In 
addition to improving NOAA Fisheries’ broad communication efforts, communication 
planning on EBFM and climate will ensure more direct communications and coordination 
with management partners and stakeholders. NOAA Fisheries will ensure that it is 
consulting and engaging with domestic and international partners on EBFM, and ensure 

                                                           
8 National Marine Ecosystem Status website. https://ecowatch.noaa.gov/  
9 Distribution Mapping and Analysis Portal. https://apps-st.fisheries.noaa.gov/dismap/DisMAP.html 
10 Integrated Ecosystem Assessment Program. https://www.integratedecosystemassessment.noaa.gov/  
11 Essential Fish Habitat Mapper. https://www.habitat.noaa.gov/apps/efhmapper/ 
12 Essential Fish Habitat Data Inventory. https://www.habitat.noaa.gov/application/efhinventory/ 
13 Deep Sea Coral and Sponge Map Portal. https://www.ncei.noaa.gov/maps/deep-sea-corals/mapSites.htm 
14 Predictive Spatial Modeling Tool. https://www.fisheries.noaa.gov/atlantic-highly-migratory-species/new-
scientific-paper-published-noaas-highly-migratory-species 
15 Climate Vulnerability Assessments. https://www.fisheries.noaa.gov/national/climate/climate-vulnerability-
assessments 
16 Marine Cadastre. https://marinecadastre.gov/ 

https://apps-afsc.fisheries.noaa.gov/REFM/docs/2023/EBSBrief.pdf
https://ecowatch.noaa.gov/
https://www.integratedecosystemassessment.noaa.gov/
https://www.ncei.noaa.gov/maps/deep-sea-corals/mapSites.htm
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collaboration and government-to-government consultation or engagement with Federally 
recognized Tribes and indigenous communities as appropriate. 

Guideline 2 - Advance our understanding of ecosystem processes 

NOAA Fisheries’ scientific efforts under Guideline 2 support national living marine 
resource management goals and obligations with a better understanding of ecosystem 
processes, drivers, threats, status, and trends of the nation’s marine ecosystems. Science 
efforts for an ecosystem-based approach include understanding the human dimensions of 
fisheries and fishery dependent communities, and of relevant ecological processes that 
operate across ecosystem boundaries.  

To further develop science that recognizes the physical, biological, economic, and social 
complexities of managing living resources as an integrated system, NOAA Fisheries’ goals 
are: 

a. Conduct science under a diverse suite of disciplines to understand ecosystem 
processes, drivers, and threats, including work from the CEFI alongside other, 
ongoing and anticipated science endeavors. 

b. Provide regular ecosystem status report updates and similar reports to ensure they 
inform regional decision-making processes. 

c. Prioritize science in alignment with priority ecological, economic and social 
objectives identified in Guideline 1 above so that a deeper understanding can better 
inform management advice. 

Ecosystem-level science is characterized by multidisciplinary information, collaborations 
and coordination, and a drive to understand processes important to living marine 
resources within and across LMEs. This guideline builds on NOAA Fisheries’ progress 
under the 2016 EBFM Road Map to improve national and regional awareness of our 
ecosystems’ statuses, trends, and processes.  

Goal 2.a: NOAA Fisheries will conduct science under a diverse suite of 
disciplines to understand ecosystem processes, drivers, and threats, including 
work from the Climate, Ecosystems, and Fisheries Initiative and other, ongoing 
and anticipated science innovations. 

Since the implementation of the 2016 EBFM Road Map, NOAA Fisheries has worked under 
a variety of scientific disciplines to better understand a broad suite of ecosystem drivers, 
threats, processes, benefits, and services. This 2024 Road Map continues that needed 
scientific work, taking advantage of the infusion of temporary funds from IRA and BIL 
implementation that support CEFI and other initiatives. NOAA Fisheries will integrate 
scientific work across disciplines (especially human dimensions), conduct climate-ready 
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science for trust species, habitats and ecosystems, improve connections between science 
and management processes, and address gaps in our understanding to help develop 
climate-ready fisheries and management. The action items that NOAA Fisheries will use to 
develop annual and longer-term milestones to implement Goal 2.a are:  

Action Item 2.a.1: Advance resources and build capacity to conduct science in 
support of EBFM. 

Action Item 2.a.2: Expand, develop and maintain data streams and the production of 
information, and review archived data to update it where appropriate. 

Action Item 2.a.3: Conduct biennial EBFM science and management workgroups and 
conferences. 

NOAA Fisheries will expand operational capability to assess risks, evaluate management 
options, and will provide robust advice on adapting to changing ecosystem and climate 
conditions. Research and capacity are needed for incorporating ecosystem considerations 
and interdisciplinary science into traditional and non-traditional methods for assessing fish 
stocks and protected resources, as well as aquaculture and seafood production. Research 
and capacity are also needed for characterizing, protecting, and restoring habitats and 
ecosystems, and for considering the effects of multiple ocean uses on living marine 
resources in a future of climate variability and change. Existing critical work, such as at-sea 
surveys and other ocean observation methods, must be maintained to continue to support 
fisheries management, trust resource management, habitat conservation, and ecosystem 
assessments. NOAA Fisheries must improve the nation’s understanding of the effects of 
climate and ocean variability and change on living marine resources and habitats to 
prepare for the coming decades. 

Under Goal 2.a, NOAA Fisheries will advance resources and capacity to conduct science to 
support EBFM. A variety of scientific efforts are needed to understand ecosystem 
considerations within stock assessments, as part of risk tables, or using other mechanisms 
to account for the effects of environmental conditions on fisheries, trust species, and 
habitats. Annual performance milestones under Goal 2.a (in conjunction with 1.c) could 
include:  

• developing a working team of stock assessors and ecosystem scientists to explore 
relationships between environmental indices and trust resources’ stock abundance; 

• evaluating degraded habitat for its restoration priorities, costs, and for the potential 
effects of climate variability and change on that habitat;  

• modeling the effects of climate variability and change on critical life history stages of 
trust resources, the suitability of EFH for managed species, and the availability of 
critical habitat to protected resources over the long-term;  
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• modeling the combined effects of climate and ecosystem variability with social and 
economic impacts on fishery and protected resource depletion and recovery, 
fisheries, and fishing communities; and,  

• updating ecosystem food web models with more and newer food habits data.  

As NOAA Fisheries continues to implement EBFM, additional information will be needed 
from an array of scientific disciplines, including those addressing climate and human 
dimensions. Data available to support EBFM varies considerably across regions, and a clear 
understanding of data, data needs, data sharing plans, and associated plans to fill data gaps 
is needed. At-sea surveys provide critical data and observations to help us understand 
current and changing ocean conditions, while also serving as platforms from which to build 
additional capacity to address emerging stressors directly or indirectly related to climate 
change (e.g. ocean acidification, harmful algal blooms, and off-shore wind). Options for 
better inclusion of Indigenous Knowledge are needed to inform and enrich many aspects of 
NOAA’s work, to better understand Earth and ocean systems, and to fulfill responsibilities 
for managing culturally-important species.17 Future revisions of NOAA Fisheries’ internal 
Data Acquisition Plans should complement and support EBFM data needs.  

Under the 2016 EBFM Road Map, NOAA Fisheries conducted biennial EBFM science, 
modeling and management conferences and supported workgroups to share successes and 
challenges and build relevant knowledge (Slater et al. 2017, Townsend et al. 2020, 
Morrison et al. 2022,). In 2024 and beyond, NOAA Fisheries will continue to hold regular 
EBFM science and management conferences that share knowledge and identify priority 
science for management needs.  NOAA Fisheries will also convene NOAA staff workgroups 
to address particular science or management challenges. Based on this Road Map’s action 
items, Appendix B recommends a non-exhaustive list of focus areas for NOAA Fisheries 
EBFM-associated science and management conferences or focused workgroups, including 
those under this Action Item 2a. 

Goal 2.b: NOAA Fisheries will provide and update regular ecosystem status 
reports and similar reports to ensure they inform regional decision-making 
processes.  

One of NOAA Fisheries’ core tasks is to monitor the status of our marine ecosystems and to 
share information with managers, stakeholders, and the public about drivers and threats 
that influence how ecosystems function. NOAA Fisheries’ delivers ESRs and related 
documents to Councils and other partners that summarize ecosystem status. This improves      
understanding of local ecosystem conditions and changes that affect not only individual 

                                                           
17 NOAA Guidance and Best Practices for Engaging and Incorporating Indigenous Knowledge in Decision-Making 
 https://www.noaa.gov/sites/default/files/2023-07/NOAA_IK_Guidance_FINAL_2023_1.pdf. 
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fisheries but also the connections between and among fisheries and other ecosystem 
components. NOAA Fisheries also provides, or reviews, contextual single- and multi-
species ecosystem and social and economic information. To improve development and 
delivery of ESRs and related products in 2024 and beyond, the action items that NOAA 
Fisheries will use to develop annual and longer-term milestones to implement Goal 2.b are: 
Action Item 2.b.1: Provide support and information for development and review of new or 
updated ESRs. 

Action Item 2.b.2: Include ESR support duties as a significant percentage of 
personnel performance plans, for a sufficient number of personnel in each Financial 
Management Center. 

Action Item 2.b.3: Expand and coordinate regional and national efforts to develop 
and disseminate ecosystem indicators that support multiple decision support 
products and reach across Councils and other management partners. 

NOAA Fisheries will support internal (e.g. leadership) and external (e.g. Councils, decision-
makers, management partners) requests to initiate new or update existing ESRs or similar 
documents. In regions where ESRs or similar documents have multi-year histories, NOAA 
Fisheries will support requests for collaborative review and update processes to assess the 
utility and clarity of information provided.  

ESRs should reflect and provide information in response to decision-makers’ established  
goals and objectives. ESRs may also be used to meet resource management objectives 
outside of the fisheries management process, such as for essential fish habitat (EFH) 
consultations on non-fishing actions, for addressing species managed under multiple 
jurisdictions, for understanding the effects of multiple ocean use sectors on trust resources 
and fisheries, or for serving National Marine Sanctuaries information needs.  

Ecosystem approaches to single-species management can provide additional avenues for 
scientific exploration that ultimately build valuable information to support larger-scale 
EBFM. NOAA Fisheries will coordinate indicator development and data management for 
multiple decision support products, including ESPs (ecosystem and socioeconomic 
profiles) and risk tables (see Guideline 3 below), at varying scales from single-species to 
whole ecosystems and across multiple LMEs. 

NOAA Fisheries will direct resources to develop, expand and coordinate regional and 
nationwide efforts to make web-based ESRs and ecosystem indicators available and 
understandable to the public, building on existing efforts such as national and regional IEA 
websites and the NAMES website. Under this Road Map, NOAA Fisheries will expand and 
coordinate regional and national efforts to disseminate ecosystem indicators at scales 
relevant to management, including for vulnerable habitat components of our ecosystems 
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and for prioritized single species. NOAA Fisheries will support its staff in improving 
reporting automation, so as to make ESRs and ecosystem indicators less burdensome for 
staff to produce and easier for managers and the public to access.  

Goal 2.c: NOAA Fisheries will prioritize science in alignment with priority 
ecological, economic and social objectives identified in Guideline 1 above so that 
a deeper understanding can better inform management advice. 

Under Goal 2.c, NOAA Fisheries will attend to both the EBFM goals and objectives 
articulated under Guideline 1 and to emerging fisheries management issues to prioritize      
science to support decision-making. NOAA Fisheries will work internally and with      
partners to develop management on-ramps to provide ecosystem and climate information 
to managers where appropriate and useful. Further, NOAA Fisheries’ science will support 
urgent concerns and challenges associated with making decisions about protected 
resources conservation and recovery, and habitat characterization, restoration, and 
conservation. The action items that NOAA Fisheries will use to develop annual and longer-
term milestones to implement Goal 2.c are: 

Action Item 2.c.1: Identify, prioritize, research and address key ecosystem and 
climate questions, as defined by EBFM and climate staff teams working internally 
(see Goal 1.c.1) and with external management partners and stakeholders. 

Action Item 2.c.2: Assess the science needs, assets, and gaps associated with 
management on-ramps for bringing ecosystem science into key decision-making 
processes, as noted in Goals 1.a and 5.b. 

NOAA Fisheries will examine its efforts to deliver scientific information to management 
partners that addresses goals and objectives outlined in FEP or similar strategic planning 
documents. For regions without ecosystem relevant strategic planning documents, NOAA 
Fisheries will work under this goal and Goal 1.a to ensure that scientific information is 
made available to support emerging goals and objectives.  
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NOAA Fisheries’ teams identified in Goal 1.c can assess and articulate regional decision-
makers’ ecosystem and climate science needs, and develop science plans to address those 
needs in coordination with other efforts such as IEA, CEFI, and protected resources and 
habitat programs. For each science need identified, managers and scientists should ensure 
the decision-making process 
provides a clear on-ramp for using 
the scientific information. NOAA 
Fisheries will work internally and 
with external management partners 
to co-develop new      management 
on-ramps when they do not exist. 
Direct engagement between 
scientists and management partners 
will ensure that scientists 
understand the policy questions 
addressed by managers, and ensure 
that staff and management partners 
understand the benefits and limits of 
NOAA Fisheries’ best available 
ecosystem and climate science 
(Townsend et al. 2020, see Figure 
2).  

Guideline 3 - Prioritize vulnerabilities and risks to ecosystems and their components 

As environmental changes move ecosystems into novel conditions, it will be important to 
understand which species, habitats, fisheries, and communities are vulnerable to these 
changes. Guideline 3 brings together concepts from ecosystem science and U.S. living 
marine resource management laws to improve our understanding of the individual and 
cumulative drivers for the physical, chemical, biological, social, and economic components 
of marine ecosystems. Together, these concepts help prioritize the management needs of 
the most vulnerable ecosystem components. By understanding and managing for 
ecosystem sustainability, managers can work to buffer fish and protected resources, 
fisheries, habitats, and human communities within those ecosystems against the negative 
effects of changing climate and ocean conditions, shifting social and economic conditions, 
and increasing demands on resources across a wide range of human activities. Under 
Guideline 3, NOAA Fisheries’ goals are: 

a. Identify the ecosystem-level, cumulative risk (across living marine resources, 
habitats, ecosystem functions and associated fisheries communities) in each region 

Figure 2: Outline of the steps for incorporating information for ecosystem 
models into management, adapted from Townsend et al. 2020. 
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and the relative vulnerability to changing conditions, including from biophysical and 
human pressures. 

b. Identify the individual, cumulative, nonlinear, and nonstationary pressures and 
potential “black swan”18 events that pose the most risk to those vulnerable 
resources and dependent communities. 

c. Prioritize management options for mitigating risk, enhancing resilience, and or 
improving adaptive capacity within existing decision-making processes. 

This 2024 update builds on the significant work conducted since 2016 on climate 
vulnerability assessments (2016 Action Item 3.b.3) for fish and invertebrate species, 
marine mammals, sea turtles, fishing communities and marine habitats.  

Goal 3.a: NOAA Fisheries will identify the ecosystem-level, cumulative risk 
(across living marine resources, habitats, ecosystem functions and associated 
fisheries communities) in each region and the relative vulnerability to changing 
conditions, including from biophysical and human pressures (Goal 3.a). 

To date, NOAA Fisheries has looked at risks, vulnerabilities, and opportunities with two 
main tools: climate vulnerability assessments and ecosystem risk assessments. Both have 
been valuable for increasing science and management understanding of species- and stock-
specific challenges associated with a changing climate and how different human activities 
and ecosystem changes cumulatively affect our ecosystems over time. 

For 2024 and beyond, action items under Goal 3.a will continue to focus on these two tools. 
The action items that NOAA Fisheries will use to develop annual and longer-term 
milestones to implement Goal 3.a are: 

Action Item 3.a.1: Conduct climate vulnerability assessments (CVAs) for living 
marine resources, habitats and coastal communities, identify gaps or needed 
updates in existing CVAs, and identify new and existing on-ramps for use in 
management.  

Action Item 3.a.2: Conduct ecosystem-level risk assessments to identify existing and 
emerging stressors, opportunities, vulnerabilities, and cumulative impacts most 
likely to affect our ability to meet management goals and objectives. 

The CVAs conducted under Goal 3 since the 2016 EBFM Road Map have supported 
decision-makers in understanding the vulnerabilities of species, habitats, and fishing 

                                                           
18 A black swan event is a surprising event, usually a rapid catastrophic loss, that is difficult to predict but can have 
large consequences (e.g. an Unusual Mortality Event for a marine mammal stock). 

https://www.fisheries.noaa.gov/national/climate/climate-vulnerability-assessments
https://www.fisheries.noaa.gov/national/climate/climate-vulnerability-assessments
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communities to the effects of climate change. CVAs contribute to both our understanding of 
the effects of changing climate and ocean conditions on individual species and stocks, as 
well as to whole picture views of the effects on multiple species within a common 
ecosystem. NOAA Fisheries will continue to conduct new CVAs on species, habitats and 
communities that have not yet been assessed, so that CVAs may be used to support 
fisheries management, species recovery, and habitat restoration and protection under 
climate change (NMFS 2023a, NMFS 2023b). 

Under the 2016 EBFM Road Map, NOAA Fisheries led the development of a general 
ecosystem risk assessment approach that spans system complexity, single species to full 
ecosystem, and data availability, qualitative to quantitative (Holsman et al. 2017, Rankin et 
al. 2023). Although climate change will weigh heavily on species and habitat management 
into the future, it is not the only challenge facing trust resources. Risk assessments help us 
understand the cumulative effects of natural and human-induced challenges within marine 
ecosystems and can guide management decisions for vulnerable species, habitats, and 
communities. Risk assessments can be completed at multiple levels for data rich and data 
poor situations (Holsman et al. 2017). In some situations, NOAA Fisheries will use broad 
scale vulnerability assessments to direct future research on higher resolution risk 
assessments using a triage approach.  

Goal 3.b Identify higher risk pressures and events 

NOAA Fisheries will identify the individual, cumulative, nonlinear, and nonstationary 
pressures and potential “black swan” events that pose the most risk to those vulnerable 
resources and dependent communities (Goal 3.b). 

While Goal 3.a addresses broad-scale risks to large categories of ecosystem components, 
particularly under changing climate and ocean conditions, Goal 3.b emphasizes the need to 
examine the effects of particular and cumulative pressures on the most vulnerable 
resources and communities. In recent years, the U.S. marine environment has been subject 
to an increasing number of ecological shifts outside of historic norms. Under Goal 3.b, 
NOAA Fisheries will develop early warning systems for ecological surprises, particularly 
those types that may have historically triggered large-scale population collapses. NOAA 
Fisheries will build capacity to address rapid environmental shifts, using these action items 
to develop annual and longer-term milestones under Goal 3.b: 

Action Item 3.b.1: Research and apply methodologies for identifying or predicting 
significant and disproportionately impactful pressures and events within managed 
marine ecosystems. 

https://www.fisheries.noaa.gov/s3/2023-09/03-201-17-EFH-Climate-Change-Procedure-Final-508-Signed-9.11-Fixed.pdf
https://www.fisheries.noaa.gov/s3/2023-05/02-110-18-renewal-kdr.pdf
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Action Item 3.b.2: Identify those habitats, species, and human communities that are 
most vulnerable to pressures and events and evaluate management mitigation 
measures. 

In recent years, several U.S. marine species have been subject to surprising die-off events, 
such as the Alaska snow crab population crash (Szuwalski et al. 2023), the sea star wasting 
disease (Hamilton et al. 2021), and the manatee unusual mortality event. Other resources 
such as Alaska salmon are demonstrating nonstationary relationships to environmental 
forcing (Litzow et al. 2019). NOAA Fisheries must research past “black swan” events for 
their causes, and must develop methods for identifying the ecosystem conditions that give 
rise to surprising die-offs or other ecological shifts. NOAA Fisheries will also identify 
potential improvements in existing regulatory responses to rapid within-year changes in 
managed species population. 

Using the CVAs and risk assessments from Goal 3.a, NOAA Fisheries work under Goal 3.b to 
evaluate the effectiveness of management programs to support our most vulnerable 
species, habitats, and communities into the future. NOAA Fisheries will identify those 
habitats most vulnerable to the potential combined effects of climate change and human 
development, and will identify habitats most in need of interventions to support those 
vulnerable species most at risk. NOAA Fisheries will improve its identification of fishing 
communities most vulnerable to shifts in the availability of fisheries target species, and 
support more rapid recovery of species of cultural significance to indigenous and remote 
human communities. 

Goal 3.c: NOAA Fisheries will prioritize management options for mitigating 
risk, enhancing resilience, and improving adaptive capacity within existing 
decision-making processes. 

Using the science conducted under Goals 3.a and 3.b, work under Goal 3.c will focus on 
improving management processes and regulatory responses to near-term ecological shifts, 
“black swan” events, and other pressures and opportunities. NOAA Fisheries will assess 
adaptive capacity in federal fisheries, particularly those that may be affected by the 
responsiveness of federal regulations to large-scale shifts in the abundance and 
distribution of managed species. The action items that NOAA Fisheries will use to develop 
annual and longer-term milestones to implement Goal 3c are: 

Action Item 3.c.1: Identify potential improvements for existing regulatory responses 
to rapid within-year changes in catch rates of target species and bycatch rates of 
non-target and protected resources to mitigate risks.  

Action Item 3.c.2: Identify where outreach to management partners and affected 
communities with interacting authorities and interests needs to be initiated or 

https://www.science.org/doi/10.1126/science.adf6035
https://royalsocietypublishing.org/doi/full/10.1098/rspb.2021.1195
https://myfwc.com/research/manatee/rescue-mortality-response/ume/updates/
https://cdnsciencepub.com/doi/abs/10.1139/cjfas-2019-0120?journalCode=cjfas
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strengthened and assist in developing policies that address risk and uncertainty 
from climate and other ecosystem drivers. 

Action Item 3.c.3: Develop and test management strategies, recovery strategies, and 
habitat restoration approaches that are robust to rapid environmental change and 
extreme conditions.  

Identifying and improving regulatory responses to ecosystem change will require a range 
of efforts, including:  

• increasing the speed of data delivery to monitors and managers;  
• supporting the exploration of more flexible or adaptive management frameworks;  
• conducting surveys and outreach to understand the potential effects of and 

responses to ecosystem vulnerabilities;  
• collaborating with communications teams on effective communication and 

translation of concepts of risk, vulnerability, and uncertainty; and  
• improving and streamlining how NOAA Fisheries analyzes the cumulative effects of 

management actions.  

Understanding that ecological surprises are, by their nature, less predictable than expected 
interannual variability, NOAA Fisheries will need to discuss, analyze, and develop robust 
management strategies that can perform well under predictable variability and better 
understand the sensitivities in performance of management strategies to extreme 
conditions. 

NOAA Fisheries supports collaborations internally and with regional, national and 
international management partners, including Councils, to develop policies that address 
risk and uncertainty from climate and other ecosystem drivers. Across all these 
partnerships, exploration of approaches to mitigate and adapt to risks, whether said risks 
are foreseen precisely or barely at all, is needed. Those approaches will need to be tailored 
to the multiple mandates that guide NOAA Fisheries and our partners. 

Expanded capacity to understand severe environmental shifts is essential; however, aiming 
to predict every severe event that causes risks to fisheries and fishing communities, trust 
species, and habitat would be impracticable. For many surprise events, it may be difficult to 
understand the optimal immediate management reactions to those events. As NOAA 
Fisheries continues to implement model simulations to test management strategies, 
building that knowledge will help NOAA Fisheries and management partners better 
address uncertainty in science and management into the future. Management strategy 
evaluation (MSE) is more fully addressed under Guideline 4; here in Action Item 3.c.3, 
NOAA Fisheries is specifically calling for evaluating the robustness of management 
strategies to the higher-risk events discussed throughout Guideline 3. Furthermore, given 
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the challenges of predictability, NOAA Fisheries is also proposing the exploration of robust 
strategies to mitigate and adapt to a range of plausible even if indeterminate risks. 

Guideline 4 – Explore and address trade-offs within an ecosystem 

Guideline 4 captures the intersection between ecosystem science and management 
priorities for living marine resources, where NOAA Fisheries and its partners must 
evaluate trade-offs between activities and components within ecosystems. Expanding on 
NOAA Fisheries’ work under the 2016 EBFM Road Map, the goals for Guideline 4 are: 

a. Include climate considerations explicitly in the evaluation of the dynamics and 
trade-offs of living marine resource management in a regional ecosystem. 

b. Analyze trade-offs with respect to optimizing benefits from all fisheries within each 
ecosystem or jurisdiction, including protected resources and habitat considerations, 
acknowledging all objectives may not be achievable simultaneously, by accounting 
for all ecosystem-specific policy goals and objectives. 

c. Conduct management strategy evaluations that include ecosystem-level analyses 
which provide ecosystem-wide management advice and that inform harvest control 
rule and other management decisions, consistent with statutory requirements.  

Since 2016, NOAA Fisheries has made significant progress on developing MSE expertise 
and analyses, and has supported trade-off evaluations in marine ecosystems nationwide. 
For 2024 and beyond, NOAA Fisheries will continue to support and expand MSE work, and 
will ensure that trade-off evaluation supports climate-ready fisheries and managed species, 
and supports balancing the benefits to the nation from living marine resource 
management.  

Goal 4.a: NOAA Fisheries will include climate considerations explicitly in the 
evaluation of the dynamics and trade-offs of living marine resource 
management in a regional ecosystem. 

This Road Map’s action items under Guidelines 1-3 will prepare NOAA Fisheries, its 
management partners, and stakeholders for understanding ecosystem- and taxa-specific 
science and management priorities, and the risks to and vulnerabilities of our ecosystems 
and their components, in order to adequately evaluate trade-offs among management 
objectives. That shared ecosystem-scale knowledge and understanding will help the nation 
develop climate-ready fisheries. Under Goal 4.a, NOAA Fisheries will leverage capacity and 
resources to build climate-ready science and management for more informed assessment 
of trust species, habitats, human dimensions, and ecosystems. To understand and support 
climate-ready fisheries, and climate-ready science and management planning for trust 
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species and habitat, NOAA Fisheries will use these action items to develop annual and 
longer-term milestones under Goal 4.a: 

Action Item 4.a.1: Conduct scenario planning to explore living marine resource and 
coastal community dynamics under current and future ocean conditions and to 
consider multiple objectives across fisheries and ocean uses.  

Action Item 4.a.2: Develop and expand capacity of fisheries, habitat, protected 
resources, and integrated ecosystem assessments to explore ecosystem dynamics 
under extreme events and changing ocean conditions. 

Action Item 4.a.3: Develop a framework for identifying and assessing fishing fleet 
behavior, including fishing location choices and changes in shoreside support 
sectors, to support fisheries management planning and planning for other ocean 
uses under climate change and other extreme events. 

Scenario planning is a facilitated strategic thinking and planning process developed to help 
decision-makers explore alternate potential future states and consider the range of 
decisions that may arise in preparing for the future. NOAA Fisheries uses scenario planning 
to better understand the potential effects of changing climate and ocean conditions on 
decision-making trade-offs for our trust species and fisheries (Borggaard et al. 2019, 
Borggaard et al. 2020, Frens and Morrison 2020, deReynier et al. 2023). NOAA Fisheries 
will continue to use scenario planning to strategize with management partners and 
stakeholders to explore future marine resource management challenges under climate 
change. Policy recommendations emerging from scenario planning exercises can help 
NOAA Fisheries and its management partners develop on-ramps for applying ecosystem 
and climate science in decision-making processes, and provide testable scenarios for 
ecosystem model simulations of management robustness under a range of future 
conditions (as in Action Item 4.c.3). 

NOAA Fisheries’ Next Generation Stock Assessment Enterprise (Lynch et al. 2018) includes 
explicit steps for expanding the scope of the stock assessment paradigm so that it is more 
holistic and ecosystem-linked. Similarly, NOAA Fisheries’ Habitat Assessment Improvement 
Plan (Peters et al. 2018) includes recommendations to support habitat research and 
assessments to improve stock assessments and support EBFM guidelines, particularly in 
the context of climate change. This Road Map supports NOAA Fisheries’ goals of expanding 
single-species stock assessments and habitat assessments, and of using research-track 
assessments to test new ideas and to bring ecosystem and climate information into 
assessments.  

NOAA Fisheries’ social and economic science programs will have opportunities under CEFI 
and other funding efforts to develop national and regional strategies for expanding social 

https://www.fisheries.noaa.gov/human-integrated-ecosystem-based-fishery-management-research-strategy-2021-2025-executive-summary#next-generation-marine-resource-economics-and-human-dimensions
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and economic science capacity to support the human well-being goals of EBFM and the 
NOAA Fisheries’ national Equity and Environmental Justice Strategy.19 Social and economic 
science includes various disciplines with different approaches to understanding and 
modeling human interests, needs, well-being, and benefits from living marine resources. 
Identifying and assessing fishing fleet behavior, particularly including fishing location 
choices over time, has become increasingly important with both the rise of alternative 
ocean industries such as offshore wind energy and ocean aquaculture, and as climate 
change has begun to affect fish stock distribution and abundance. NOAA Fisheries Social 
Indicators for Coastal Communities characterize community well-being for coastal 
communities engaged in seafood production activities, providing indicators of community 
vulnerability, gentrification pressure, fishing dependence, and vulnerability to storm surge 
and sea-level rise.20  

For designing and reviewing fisheries allocation programs, it is necessary to understand 
fishing community vulnerability and dependence on fishery resources, historic fleet 
behavior, and potential future fleet behavior. This understanding will also inform fishing 
permit programs within restricted geographic areas, fishing area conservation restrictions, 
permitting and consultations on marine aquaculture developments, and other geography-
based management measures. Changes in shoreside sectors and services such as seafood 
processing and marketing, support for vessels and gear, and composition and 
infrastructure of working waterfronts will also affect fishery resource access, whether 
those changes are driven by climate, markets, or other forces. Under Goal 4.a, NOAA 
Fisheries will better integrate the methods and approaches of social and economic science 
with natural science in support of EBFM.  

Goal 4.b: NOAA Fisheries will analyze trade-offs with respect to optimizing 
benefits from all fisheries within each ecosystem or jurisdiction, including 
protected resources and habitat considerations, acknowledging all objectives 
may not be achievable simultaneously, by accounting for all ecosystem-specific 
policy goals and objectives. 

Under Goal 4.b, NOAA Fisheries acknowledges that trade-offs are occurring and that wise 
management of marine ecosystems includes understanding and preparing for optimal 
decision-making. NOAA Fisheries will address the risks and vulnerabilities identified for 
our ecosystems using multi-disciplinary science to analyze the trade-offs made in managing 
living marine resources and habitat. The action items that NOAA Fisheries will use to 
develop annual and longer-term milestones to implement Goal 4b are: 

                                                           
19  https://www.fisheries.noaa.gov/s3/2023-05/NOAA-Fisheries-EEJ-Strategy-Final.pdf 
20 https://www.fisheries.noaa.gov/national/socioeconomics/social-indicators-coastal-communities 
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Action Item 4.b.1: Develop fora to identify, evaluate, and minimize conflict within 
and across fisheries, habitats, protected resources recovery, and human well-being 
priorities at near-term and long-term time scales. 

Action Item 4.b.2: Expand capacity of fisheries, habitat, protected resources, and 
ecosystem assessments to explore multi-species harvest, conservation and recovery 
policies and guidance on setting multi-species annual catch limits. 

Ocean resource users and managers continuously make trade-offs in their decisions, 
regardless of whether those trade-offs are acknowledged in decision-making.  Managers  
implement these tradeoffs by setting annual catch limits for each species or species 
complex that are below the biological limits of overfishing for those species or complexes. 
But the mere existence of the single-species limits gives the impression that all species 
might be fished up to their respective limits simultaneously. The scientific advice leading to 
annual catch limits needs to be augmented with more accounting for the interacting effects 
that fisheries have on different species and their habitats, the effects that species have on 
each other, the effects that fisheries have on each other, and the interacting effects between 
seafood markets, seafood supply, fishing vessel costs and earnings, and fisheries. NOAA 
Fisheries will bring together different scientific disciplines to better identify the trade-offs 
made for marine ecosystems and managed resources, potentially building off of possible 
future trade-offs identified in the scenario planning in Action Item 4.a.1.  

NOAA Fisheries will develop trade-off analysis approaches, multi-disciplinary toolkits, best 
practices, communication tools, and plans for sustainable staffing to support those tools 
and processes. NOAA Fisheries will also seek to establish national guidance on and 
approaches for handling common and known trade-offs. To address potential effects of 
climate change in a more coordinated manner, NOAA Fisheries will explore multi-species 
harvest and conservation policies and guidance that account for interactions between and 
among species, habitats, and human activities and communities.  

Science to support trade-off decision-making includes but is not limited to better 
understanding of:  

• predator-prey relationships, particularly including trophic roles and diet data;  
• the interactions between fisheries, including gear impacts, bycatch, and discard 

rates;  
• the life history and habitat needs of managed species; the effects of human activities 

on the role of habitat in food webs;  
• spatial and temporal patterns of different ecological processes, fisheries, and other 

human activities; and,  
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• the effects of changes in seafood production levels on regional economies and 
industries that support or depend on the fishery sector.  

To improve use of economic analyses and information in fisheries management, NOAA 
Fisheries will prioritize rigorous quantitative integration of economic data into assessment 
models and processes (e.g., portfolio analysis) to evaluate changes in benefits to the nation 
associated with shifting fishery harvest levels in U.S. marine ecosystems. To improve its use 
of economic analyses and information in fisheries management, NOAA Fisheries also needs 
to prioritize rigorous quantitative collection and integration of economic and social data 
into the stock, protected resource, and ecosystem assessment models so that we can 
evaluate changes in benefits to the nation associated with shifting fishery harvest levels in 
U.S. marine ecosystems. 

Understanding and building the governance pathways and management on-ramps for new 
science will require NOAA Fisheries to: support strategic planning efforts for climate 
change conducted internally and by management partners, provide policy guidance on 
multi-species and multi-criteria decision-making, and provide review of and guidance on 
where flexibilities could be added into fisheries regulations processes and frameworks. For 
both science and management, methodologies can be routinely revisited to incorporate 
new data as appropriate, and to evaluate methodologies’ performance.  

Goal 4.c: NOAA Fisheries will conduct management strategy evaluations that 
include ecosystem-level analyses which provide ecosystem-wide management 
advice and that inform harvest control rules and other management decisions, 
consistent with statutory requirements. 

One of NOAA Fisheries’ significant successes under the 2016 EBFM Road Map was building 
capacity to design and conduct MSEs, which are structured analytical tools21 designed to 
identify and operationalize strategies for managing fisheries that are robust to several 
types of uncertainty. MSEs can balance and assess trade-offs among multiple economic, 
social and biological objectives. NOAA Fisheries was given the opportunity to add one new 
MSE position per Science Center, and those six new positions have produced a diverse 
array of MSE work across U.S. marine ecosystems (e.g., Hake in the Pacific Northwest, 
herring in New England, summer flounder in the Mid-Atlantic, dolphin fish in the Southeast, 
pelagic species on the West Coast). For 2024 and beyond, NOAA Fisheries will use MSEs to 
devise and test management procedures that can achieve multiple ecosystem and fisheries 
management objectives while the ecosystems are undergoing rapid climate-driven 
changes. Where Councils and other NOAA Fisheries’ management partners have developed 

                                                           
21 See the NMFS Fisheries Integrated Toolbox, which has multiple “drawers” for various analytical methods and 
foci, some of which can assist in conducting MSEs; https://noaa-fisheries-integrated-toolbox.github.io/ 
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the ecosystem goals and objectives envisioned under Guideline 1, MSEs can explore 
practical methods for implementing goals and objectives through fisheries management 
measures. The action items that NOAA Fisheries will use to develop annual and longer-
term milestones to implement Goal 4.c are: 

Action Item 4.c.1: Develop MSEs to assess management options to mitigate and 
prepare for the risks and vulnerabilities identified under Guideline 3 to meet the 
ecosystem goals and objectives identified under Guideline 1. 

Action Item 4.c.2: Develop MSEs in collaboration with management partners that 
address manager and stakeholder needs and leverage existing public-engagement 
processes. 

Action Item 4.c.3: Develop and maintain capacity to conduct whole-ecosystem MSEs 
to test the robustness of living marine resource management plans and policies to 
ecosystem-scale changes. 

Moving beyond NOAA Fisheries’ basic capacity building for MSEs, this Road Map supports 
greater connections between MSEs and NOAA Fisheries science and policy work under all 
EBFM guidelines. While much progress to date has focused on single-species MSEs, multi-
species and ecosystem-level MSEs should be connected to the risks identified under 
Guideline 3, the multi-species stock assessments explored under Goal 4.a, and to the 
ecosystem goals and objectives developed under Guideline 1. As populations and 
distributions of managed species shift under climate variability and change, so do the 
interactions between those species and the need for considering new approaches to multi-
species and -fisheries management. Several recent opportunities have provided resources 
across a range of NOAA responsibilities that increase its ecosystem modeling capacity and 
its ability to respond to stakeholder priorities for habitat restoration and conservation.  

NOAA Fisheries will improve its collaboration with its management partners so that its 
MSE processes better reflect partners’ questions, issues, and priorities for living marine 
resources and ecosystems. Where possible and appropriate, NOAA Fisheries will use 
existing public discussions of manager and stakeholder priorities to develop MSEs. NOAA 
Fisheries will also improve its engagement with stakeholders, including those from 
underrepresented and vulnerable communities, and community partners to develop and 
identify resource management needs under different mandates. 

NOAA Fisheries aspires to develop whole-ecosystem MSEs to test management measures 
and programs against individual and cumulative ecosystem-scale changes and trade-offs 
that span fisheries, aquaculture, protected resources, habitat conservation, and human 
well-being endpoints. In some regions, NOAA Fisheries has made great progress in 
developing end-to-end ecosystem models that can support whole-ecosystem MSEs (Kaplan 
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et al. 2021). NOAA Fisheries’ existing workshop processes (e.g., EBFM science and 
management conferences, NEMoWs, regional and national IEA meetings, etc.) can be used 
to launch plans for ecosystem-scale MSEs in more regions. 

NOAA Fisheries will maintain a working group of staff MSE experts who will, among other 
duties, work with CEFI teams to ensure that CEFI planning is linked to existing and planned 
MSE efforts (Peterson and Walter 2023). NOAA Fisheries will also improve its efforts to 
communicate its plans for and results of its MSEs with its partners, stakeholders, and the 
public with increased web-based reporting. 

Guideline 5 – Implement ecosystem considerations into management 

Guideline 5 recognizes NOAA Fisheries’ intent to ensure that actions taken under the 2024 
EBFM Road Map improve connections between science and management processes, and 
particularly support the development of fishery management advice and regulations for 
climate-ready fisheries. The Policy and Road Map also reinforce the need to consider 
species interactions, habitat quality and quantity, and social and economic connections in 
decision-making for fisheries and conservation. To facilitate the use of ecosystem science 
and EBFM policy to address the challenges of a changing ocean environment under 
Guideline 5, NOAA Fisheries’ goals are: 

a. Develop and monitor ecosystem-level reference points. 

b. Incorporate ecosystem considerations, climate uncertainties, and an understanding 
of consequences and trade-offs into appropriate living marine resource 
management decisions. Explore and test regulatory options to incorporate climate 
change, ecosystem considerations, and other related features into management 
decisions, advice, and options. 

c. Provide integrated advice across multiple habitats and species (both targeted and 
protected) within an ecosystem. 

For 2024 and beyond, NOAA Fisheries will build on the capacity and expertise developed 
through the 2016 EBFM Road Map, and the action items under Guideline 5 will explore 
supporting management partners in their efforts to incorporate ecosystem information 
into decision-making processes. NOAA Fisheries will also refine its methods and practices 
for providing ecosystem science advice to decision-makers so as to address a fuller suite of 
species, habitats, and policy concerns.  
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Goal 5.a: NOAA Fisheries will develop and monitor ecosystem-level reference 
points. 

An ecosystem-level reference point (ELRP) is an ecosystem harvest level or indicator with 
one or more associated benchmarks (i.e., targets, limits, or thresholds) to identify, monitor, 
or maintain desirable ecosystem conditions and functions (Morrison et al. 2024). In 
support of Guidelines 2 and 3, NOAA Fisheries has developed ecosystem indicators to 
inform decision-makers of the status and vulnerabilities of U.S. marine ecosystems. Action 
items under Guideline 4 will help decision-makers better understand how their decisions 
may affect more and less vulnerable components of the marine environment. Here, under 
Goal 5.a, NOAA Fisheries will use the following action item to explore whether and how to 
develop and implement ecosystem-level targets, limits, or thresholds that may help sustain 
our ecosystems and the ecosystem services into the future: 

Action Item 5.a.1: Develop and implement best practices for identifying and 
estimating ELRPs for ecosystem-level biodiversity, resilience, and persistence, 
taking into account the potential effects of climate variability and change on marine 
ecosystems. 

For decades, NOAA Fisheries has focused on single-species management and on 
understanding the life histories of managed species, particularly those that support marine 
fisheries. This work has been important to maintaining U.S. seafood supplies, commercial 
fishery sectors, aquaculture, and recreational fishing opportunities. With increasing climate 
extremes in recent years, however, the nation needs to better understand when and 
whether ecosystem regime shifts or tipping points, points of rapid and enduring change 
from one set of ecological conditions to another, may occur (Morrison et al. 2024). With 
increasing climate extremes and other drivers such as market disruptions, global economic 
and trade factors, and other social changes, it is important that we examine fisheries 
production in a systematic manner. 

NOAA Fisheries’ direction from the 2016 EBFM Road Map included delineating, evaluating, 
and exploring best practices for estimating and using system-wide or aggregate group 
harvest limits, ecosystem production measures, and other ELRPs to inform management 
decisions. For 2024 and beyond, NOAA Fisheries will continue to develop its understanding 
of the use of ELRPs, reviewing ecosystem goals, objectives, vulnerabilities, and risks 
identified under Guidelines 1-4, to draft ELRPs that support management needs. NOAA 
Fisheries intends to explore a variety of types of ELRPs beyond just aggregate harvest 
limits, such as ecosystem carrying capacity for interacting groups of protected resources, 
biodiversity characteristics needed to maintain ecosystem functions, habitat extent and 
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quality needed to support stable trophic relationships in an ecosystem, and shifting 
ecosystem productivity for fisheries target species under climate change. 

NOAA Fisheries will use existing workshop opportunities to develop a national framework 
for understanding potential ELRPs for ecosystem overfishing and for ecosystem-level 
biodiversity, resilience, and persistence. ELRPs for ecosystem overfishing should address 
whether any depletion is occurring as a result of oceanographic change (e.g. in 
productivity), and should improve the understanding of effects of any depletion on the 
nation’s ability to assure of the sustainability of living marine resources. ELRPs for 
ecosystem-level biodiversity, resilience, and persistence should consider whether 
resilience or persistence is possible under climate change and may include indicators that 
focus on functional diversity within ecosystems. 

Goal 5.b: NOAA Fisheries will incorporate ecosystem considerations, climate 
uncertainties, and an understanding of consequences and trade-offs into 
appropriate living marine resource management decisions. Explore and test 
regulatory options to incorporate climate change, ecosystem considerations, 
and other related features into management decisions, advice, and options. 

In order to use ecosystem science in support of more resilient and persistent ecosystems, 
NOAA Fisheries needs to review and update its approaches to fisheries management. Using 
the best scientific information available under EBFM allows us to evaluate ecosystem and 
climate uncertainties to support management partners in achieving their desired outcomes 
for managed resources, and in preventing unintended consequences from management 
actions for the larger suite of living marine resources. National-level reviews and updates 
of regulatory and policy guidance can support management partners by creating science 
and management that is responsive to challenges like a changing climate. Ideas generated 
through the strategic planning processes can help living marine resource managers and 
partners improve conservation and management measures by: taking into account and 
allowing for variations among, and contingencies in, fish stock and protected resources’ 
populations and distributions; accounting for the shifting needs of fisheries over 
interannual or long-term periods; and, considering both near- and long-term habitat 
identification and conservation needs. Under Goal 5.b, NOAA Fisheries will take advantage 
of ideas generated in support of climate-ready fisheries, species, and habitat by developing 
annual and longer-term milestones to: 

Action Item 5.b.1: Develop ecosystem- and climate-ready terms of reference for fish 
and protected resources stock assessments, habitat assessments, and ecosystem 
assessment analyses, reviews, and decision-making processes. 
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Action Item 5.b.2: Update regulatory language that provides guidance on MSA 
national standards, MSA and MMPA bycatch mitigation, ESA recovery planning and 
implementation, and EFH refinements and consultations to ensure that language 
addresses EBFM principles and supports climate-ready fisheries, species, and 
habitats. 

With eight Councils, Secretary-managed Atlantic highly migratory species fisheries, three 
multi-state Commissions, multiple coastal States and federally-recognized fishing Tribes 
and indigenous communities, and multiple RFMOs for internationally-managed species, the 
U.S. has a variety management processes to discuss and test ideas to support EBFM and 
climate-ready fisheries. NOAA Fisheries will support efforts within these different entities 
to develop management on-ramps for ecosystem information and to create flexible and 
nimble fisheries management programs that support climate-ready fisheries and fishing 
communities. One focus area will be improving terms of reference for assessments of fish, 
protected resources, habitats, and ecosystems to ensure they include some rigorous 
evaluation of climate or ecosystem considerations. 

NOAA Fisheries regularly reviews and updates both internal policy directives and guidance, 
such as the EBFM Policy and Road Map and guiding regulatory language like the National 
Standard Guidelines (50 CFR 600.310 et seq.). In 2023, for example, NOAA Fisheries 
published a new policy directive on addressing climate change in EFH consultations (NMFS 
2023a), an updated policy directive on addressing climate change in NOAA Fisheries’ ESA 
decisions (NMFS 2023b), and issued an advance notice of proposed rulemaking and 
request for comments on updating guidelines for National Standards 4, 8, or 9 of the MSA 
(88 FR 30934, May 15, 2023). Reviewing and updating internal policy directives and 
regulatory guidance will allow NOAA Fisheries to harmonize its policies for fisheries and 
trust resources with its approach to climate change, will support development of periodic 
priorities and guidance documents, will ensure revisiting methodologies to evaluate 
performance and incorporate best available science, and will provide opportunities for 
management partners to develop new management measures to support climate-ready 
fisheries and EBFM. This internal harmonization will serve as a valuable precursor to 
supporting management partners across all regions in the development of on-ramps for 
ecosystem science decision-support products.   

Goal 5.c: NOAA Fisheries will provide integrated advice across multiple habitats 
and species (both targeted and protected) within an ecosystem.  

The 2016 EBFM Road Map focused strongly on the roles of marine fish and fisheries within 
our ecosystems, and on ecosystem science to support fisheries management. For 2024 and 
beyond, this Road Map more deliberately integrates NOAA Fisheries’ multiple science and 
management responsibilities for harvested species and fisheries, for protected resources 
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and their critical habitats, and for EFH and habitat conservation and restoration. NOAA 
Fisheries will use these action items to develop annual and longer-term milestones under 
Goal 5.c: 

Action Item 5.c.1: Provide guidance for and examples of dynamic and flexible 
fisheries management measures that can respond to shifts in species’ distribution 
and availability for all living marine resource taxa in an ecosystem. 

Action Item 5.c.2: Build habitat (EFH and critical habitat) mapping and designation 
capacity to address the potential effects of climate change and to site, design and 
implement habitat protection and priority restoration across all regions, with the 
goal of enhancing fish productivity and recovering protected resources. 

Building on Goal 5.b, NOAA Fisheries will support its management partners under Goal 5.c 
in sharing examples of where and how living marine resource management can be made 
more flexible and responsive to environmental change, using domestic and international 
examples from fisheries and other natural resource management arenas, as well as testing 
these options using MSEs or other management tools as noted in Goal 4.c above. Fisheries 
management needs, data collection and delivery programs, and potential for climate-based 
fisheries disasters vary across U.S. regions. Similarly, protected resources conservation and 
recovery needs, potential interactions with different fisheries, and drivers of unusual 
mortality events will vary by region and under near-term climate variability and long-term 
climate change. For 2024 and beyond, NOAA Fisheries will assess the management 
flexibilities available to fisheries (Morrison and Termini 2016) and protected resources 
(NMFS 2023b) to develop guidance for managing these species under uncertainty. 

The MSA and ESA both recognize the connection between healthy fish and protected 
resources’ populations and resilient marine habitats. NOAA Fisheries habitat science, 
restoration, and protection programs are linked to goals for recovering species listed under 
the ESA, and to improving habitat quality for all managed species. Climate change effects, 
particularly sea-level rise, in combination with drought, floods, and changing freshwater 
and estuarine flow dynamics, present new challenges for maintaining habitat that supports 
resilient and persistent populations of target and protected resources. Sea-level rise, 
exacerbated by storm surge, also affects fishing communities through inundation and 
damage to or destruction of docked vessels and port-based fisheries infrastructure. NOAA 
Fisheries has fishing community-level storm surge and sea-level rise indicators for some 
regions of the U.S. and is expanding the regions covered as data become available for new 
regions. 

Under Goal 5.c, NOAA Fisheries will build on its IRA-funded work to improve basic habitat 
mapping and designation functions, improve landscape and seascape scale habitat 
restoration planning, and will develop capacity to assess the potential effects of climate 
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change and sea level rise on future habitat suitability and availability to trust resources. In 
addition to the IRA, the BIL provided unprecedented funding for transformational habitat 
restoration that will improve habitats on a scale that will increase ecosystem services by 
improving population level benefits for listed species and enhancing the productivity of 
managed species and their prey.  

Guideline 6 – Support ecosystem resilience via monitoring and adjusting of 
management actions 

Under Guideline 6, NOAA Fisheries will monitor management actions taken in support of 
resilient ecosystems and will support adaptive management processes that improve 
regulatory responsiveness to near- and long-term environmental challenges. This EBFM 
Road Map will build NOAA Fisheries’ capacity to understand, support, and sustain resilient 
ecosystems. Mandates already require NOAA Fisheries and its partners to be flexible and 
responsive enough to adjust management programs in the face of natural and human-
induced challenges. To ensure that living marine resource management actions support 
ecosystem resilience under Guideline 6, NOAA Fisheries’ goals are: 

a. Evaluate ecosystem-level measures of resilience to maintain core ecosystem 
structure, biodiversity, production, energy flow, and functioning. 

b. Evaluate coastal fishing community well-being.  
c. Identify and track NOAA Fisheries-wide performance and success metrics for 

tracking progress toward meeting EBFM goals and objectives. 

The 2016 EBFM Roadmap’s action items under Guideline 6 focused on using social and 
economic science to understand the well-being of human communities. While this Road 
Map continues to address human well-being in Guideline 6, social and economic science 
priorities and actions are now more carefully woven into the full suite of Road Map 
guidelines. Action items under Guideline 6 will also more directly support living marine 
resource management decisions across the spectrum of NOAA Fisheries’ responsibilities to 
fish and fisheries, protected resources, and habitats. Supporting ecosystem resilience over 
the long-term is the great challenge of natural resource management under climate change, 
and a deeply held goal for NOAA Fisheries, for management partners, and for stakeholders. 

Goal 6.a: NOAA Fisheries will evaluate ecosystem-level measures of resilience to 
maintain core ecosystem structure, biodiversity, production, energy flow, and 
functioning.  

The U.S. National Academies of Sciences defines resilience as “the ability to prepare and 
plan for, absorb, recover from, and more successfully adapt to adverse events” (NAS 2012). 
NOAA has adopted this definition of resilience for its work across U.S. issues touching on 
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our atmosphere, oceans, and coasts.22 Within the 2016 EBFM Road Map, NOAA Fisheries 
refined the resilience concept by noting: “There are elements of both resistance to and 
recovery from perturbations, and this can be applied to both biophysical and socio-
economic systems in marine ecosystems. There are many metrics of resilience, and here 
the term is used generally and conceptually rather than in any one of those specific 
mathematical formulations. . .” (NMFS 2016b). 

Although that definition aptly explains the concept of ecosystem resilience, it leaves open 
questions regarding specific metrics of resilience. For 2024 and beyond, NOAA Fisheries 
will discuss many possible metrics of ecosystem resilience and narrow those down to a 
usable suite of metrics applicable across our mandates. NOAA Fisheries will develop annual 
and longer-term milestones through this action item under Goal 6.a: 

Action Item 6.a.1: Develop operational definitions, measures, and thresholds of 
resilience that can be used across NOAA Fisheries’ range of mandates (MSA, MMPA, 
ESA, NEPA, Executive Orders and others) and that can be applied to our ecosystems 
under a future of climate variability and change. 

Developing operational definitions, measures, and thresholds of resilience will require 
careful research into NOAA’s and others’ past work on resilience and a thorough 
understanding of the meaning of resilience under major mandates. New considerations for 
ecosystem resilience and alternative frameworks like “persistence” under climate change 
and for different regions of the country must be taken into account. NOAA Fisheries’ 
existing workgroup and workshop processes can be used to sort through and pinpoint 
useful metrics of ecosystem resilience. NOAA Fisheries’ cross-mandate workgroups can be 
tasked with assessing the regional and national utility and applicability of resilience 
concepts under major mandates (e.g. OSTP 2023). NOAA Fisheries should consider 
whether the Resist-Accept-Direct framework23 that other U.S. natural resource agencies 
(National Park Service, U.S. Geological Survey, Fish and Wildlife Service) use in planning for 
the effects of climate on species and habitats would also be useful for NOAA trust species, 
especially for habitat restoration and management in the face of climate change (see 
Schuurman et al. 2020).  

Goal 6.b: NOAA Fisheries will evaluate coastal fishing community well-being.  

As discussed under Guideline 2, NOAA uses diverse scientific disciplines to conduct 
ecosystem science, including economics and the social sciences. National Standard 8 of the 
MSA requires that NOAA Fisheries take into account the importance of fishery resources to 
fishing communities in order to provide for the sustained participation of such 

                                                           
22 https://www.noaa.gov/resilience-101-science-helps-america-withstand-wild-weather 
23 Resist-Accept-Direct Framework. https://doi.org/10.36967/nrr-2283597 

https://irma.nps.gov/DataStore/DownloadFile/654543


 

36 
 

communities, and to the extent practicable, minimize adverse economic impacts on such 
communities. The MSA also requires NOAA Fisheries to assure that fishery conservation 
and management measures are designed to provide a food supply to the nation, among 
other benefits. Under Goal 6.b, NOAA Fisheries will use these action items to develop 
annual and longer-term milestones to better understand and support human well-being: 

Action Item 6.b.1: Develop and report on metrics for human well-being in fishing 
communities that address fishery benefits to the nation. 

Action Item 6.b.2: Develop a framework for identifying seafood systems and seafood 
supplies that have been affected by fisheries and natural disasters, as well as more 
general ecosystem change, particularly by identifying and including traditional 
seafoods and culturally-important fish species and stocks.  

NOAA Fisheries has developed and explored several measures to characterize the 
resilience and statuses of coastal communities (Jepson and Colburn 2013, Colburn et al. 
2016, Himes-Cornell and Kaspersky 2016, Mamula et al. 2019, Szymkowiak and Kasperski 
2021). These need to continue to be monitored, analyzed and updated where necessary 
and appropriate. Ocean-based seafood represents the largest sustainable supply of wild-
caught food products in the nation, and maintaining a regular supply of healthy, natural 
seafood is important to numerous cultures and U.S. communities. Similarly, advances in 
and support for sustainable aquaculture are also needed to supplement the wild-caught 
products. Fishing communities face a wide array of pressures, including coastal inundation, 
sea-level rise, increased storm intensity and frequency, and other challenges associated 
with climate change (Colburn et al. 2016). The connections of human well-being to 
ecosystem services and ecosystem resilience are internationally recognized and part of 
NOAA Fisheries’ goals for the future, this EBFM Road Map, and the national Equity and 
Environmental Justice Strategy. 

NOAA Fisheries will use one of the near-term EBFM science and management conferences 
identified in Goal 2.a to explore and report on 3-5 nationally applicable indicators of human 
well-being in fishing communities that address fishery benefits to the nation, and which 
can be supplemented as needed with regionally-appropriate indicators of human well-
being.  

NOAA Fisheries has made significant efforts to develop indicators for EBFM and reports on 
hundreds of indicators from various scientific disciplines in ESRs and other scientific 
publications. For Goal 6.b in 2024 and beyond, NOAA Fisheries will take a disciplined 
national approach to identifying indicators of human well-being. Preparing for the effects 
of climate change on marine and coastal ecosystems includes understanding the past 
effects of natural disasters and climate variability on U.S. ecosystems. Goal 6.b builds on 
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work under Guidelines 3 and 5 and the Seafood Strategy24 to consider food systems, 
supplies and supply chains, security, and sovereignty under past natural and fisheries 
disasters, to better prepare for the challenges ahead under climate change. NOAA Fisheries 
should assess U.S. methods for tracking seafood catch and disposition to better understand 
who is using and benefiting from U.S. seafoods. Over the longer-term, NOAA Fisheries 
should develop a framework for monitoring the role of U.S. seafood in supporting resilient 
coastal communities as a source of food, recreation, and cultural commodity. 

Goal 6.c: NOAA Fisheries will identify and track NOAA Fisheries-wide 
performance and success metrics for tracking progress toward meeting EBFM 
goals and objectives.   

Goal 6.c provides practical steps for NOAA Fisheries to assess progress on the action items 
in this Road Map, including how well it is addressing the EBFM goals and objectives 
identified in Guideline 1. As discussed herein, this 2024 EBFM Road Map calls on NOAA 
Fisheries to operationalize EBFM by prioritizing the Road Map’s action items in planning 
documents like geographic strategic plans, annual guidance memoranda, annual priorities 
documents, and strategic planning documents. To ensure a transparent Road Map tracking 
process, NOAA Fisheries will use these action items to develop annual and longer-term 
milestones that implement Goal 6.c: 

Action Item 6.c.1: Establish and report on EBFM performance measures. 

Action Item 6.c.2: Review and track action items accomplished across NOAA 
Fisheries.  

Each NOAA Fisheries’ FSC, RO, and headquarters office plans shall include action items in 
this EBFM Road Map to leverage ongoing activities or explicitly identifying those action 
items in applicable annual guidance memoranda, annual priorities, and strategic planning 
documents. 

By linking each of this Road Map’s guidelines to annual or longer-term milestones, (e.g., as 
provided through the NOAA electronic Annual Operating (eAOP) system), NOAA Fisheries 
commits to the work identified in this Road Map and to tracking its efforts to meet those 
milestones through existing workflow processes. NOAA eAOP administrators shall work 
with NOAA Fisheries to provide appropriate annual milestones for EBFM. The NOAA 
Fisheries’ workgroups identified in Guideline 2 shall track NOAA Fisheries’ regional and 
national action items, milestones, and accomplishments that support this Road Map, 
including work that may be conducted under CEFI, the NOAA Fisheries Climate Science 
Strategy, the National Data Acquisition Plan, and related strategic initiatives and 

                                                           
24 https://www.fisheries.noaa.gov/s3/2023-08/2023-07-NOAAFisheries-Natl-Seafood-Strategy-final.pdf 
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documents. NOAA Fisheries will document climate and ecosystem successes where 
ecosystem information is used in marine resource management. This valuable activity will 
be supported by dedicated Knauss or Presidential Management fellowship recipients who 
will work with the EBFM Workgroup to compile progress. NOAA Fisheries Office of 
Communications shall work with the EBFM Workgroup to keep the public up-to-date with 
a brief annual summary of progress on Road Map action items via a public-facing website. 

The action items under Goal 6.c are relatively simple and straightforward compared to the 
rest of the action items throughout the Road Map; however, these action items are essential 
to ensuring forward momentum on EBFM and on supporting climate-ready fisheries. This 
2024 Road Map is a resource that can be regularly consulted by NOAA FSCs, ROs, and 
headquarters offices in planning for and prioritizing work to accomplish NOAA Fisheries’ 
mission. Tracking the inclusion of activities to support this Road Map’s action items in the 
annual milestones for offices and Centers, and in individual performance plans (Goal 1.c) of 
NOAA Fisheries staff, will support an orderly implementation of the Road Map in 2024 and 
beyond. 

     3 Execution of the EBFM Road Map and Effective Dates  

Oversight and tracking the implementation of this plan will be the responsibility of the 
NOAA Fisheries Director of Scientific Programs and Chief Science Advisor in consultation 
with the Deputy Assistant Administrator for Regulatory Programs. The NOAA Fisheries 
Strategic Planning and Performance Evaluation Division of NOAA Fisheries' Office of 
Management and Budget will aid in the development of milestones and actions to support 
progress towards the goals of this Road Map, including through the administration of the 
NOAA eAOP. Coordination of EBFM efforts will be facilitated by the National EBFM 
Coordinator and the EBFM Workgroup.  

The EBFM Policy and Road Map afford the opportunity to improve the nation’s living 
marine resource management. Actions noted herein have longer-term timelines built into 
them that can help track progress toward EBFM implementation. NOAA Fisheries will 
review this guidance on a 5-year basis. Road Map implementation that builds upon existing 
efforts will start 1 month after the final clearance date of the Road Map. This Road Map will 
inform evaluation of NOAA Fisheries progress towards Road Map action items, taking 
resource availability into consideration.  

This Road Map includes recommended actions to guide NOAA Fisheries as it continues to 
implement EBFM. These actions require active management. Some of the recommended 
actions are ongoing and will continue. Some of the recommended actions constitute new 
activities, where existing or new resources would have to be allocated to accomplish the 
actions. Close cooperation among NOAA Fisheries Headquarters Offices, the Fisheries 
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Science Centers, and NOAA Fisheries’ management partners will be required to complete 
the trade-off analyses needed to inform decision-makers. This Road Map sets expectations 
for aiding management partners and guides the activities of NOAA Fisheries staff at a large 
number of offices and laboratories. For successful implementation, the connection between 
the actions recommended herein and the many laboratories, divisions, and branches of 
NOAA Fisheries is critical.  

Once the Road Map is finalized, a protocol for providing national oversight among the FSCs, 
ROs, and headquarters offices will be developed and implemented through the EBFM 
Workgroup (Action Items 1.c and 6.c). The NOAA Fisheries EBFM Workgroup will be led by 
the national EBFM coordinator and will include points of contact in FSC, RO, and 
headquarters office. Oversight for EBFM implementation will be based on best practices 
developed nationally and in alignment with the principles in this document. Annual 
updates through prioritization and milestone identification and completion will provide an 
evaluation of EBFM progress. This will be an evolutionary process, where progress will be 
based on previous accomplishments. EBFM is only achievable with broad support, and 
NOAA Fisheries and its many partners will benefit from implementing EBFM as described 
in this Road Map. 
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     Appendix A: EBFM Guidelines, Goals, and Action Items   

This appendix lists all the six guidelines and each of their goals provided within NOAA 
Fisheries’ EBFM Policy, plus all of the implementing action items of this 2024 EBFM Road 
Map. These are same guidelines, goals, and action items provided in the main body of this 
document, provided here for reading efficiency.  In total, there are six guidelines, 18 goals, 
and 37 action items in this Road Map. 

Guideline 1 - Implement ecosystem-level planning 

Goal 1.a: Support and provide guidance or assistance in the development and 
execution of FEPs, or other umbrella strategic planning documents, to describe and 
integrate ecosystem goals, objectives, and priorities for fisheries and ecosystem 
research (including climate-related), conservation, and management across multiple 
fisheries within an ecosystem.  

Action Item 1.a.1: Assist living marine resource management partners in 
their development of new, or revised, ecosystem-level goals and objectives 
within FEPs or other ecosystem-wide strategic planning documents.  

Goal 1.b: Incorporate EBFM goals and objectives, including anticipated climate 
impacts, into NOAA Fisheries operational and strategic planning and prioritization 
at all agency levels. 

Action Item 1.b.1: Include and prioritize EBFM Road Map action items in key  
regional and national strategic and operational documents.  

Goal 1.c: Facilitate EBFM coordination across all elements of NOAA and its partners. 

Action Item 1.c.1: Establish and maintain joint staff EBFM and/or climate 
teams for each major U.S. management region to ensure planning and 
coordination across Headquarters Offices, Regional Offices and Science 
Centers.  

Action Item 1.c.2: Develop, coordinate, and disseminate a national EBFM 
communication plan, including regular national reporting on progress 
towards EBFM Road Map action items. 

 

 

 

Guideline 2 – Advance our understanding of ecosystem processes 
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Goal 2.a: Conduct science under a diverse suite of disciplines to understand 
ecosystem processes, drivers, and threats, including work from the CEFI alongside 
other, ongoing and anticipated science endeavors. 

Action Item 2.a.1: Advance resources and build capacity to conduct science in 
support of EBFM. 

Action Item 2.a.2: Expand, develop and maintain data streams and the 
production of information, and review archived data to update it where 
appropriate. 

Action Item 2.a.3: Conduct biennial EBFM science and management 
workgroups and conferences.  

Goal 2.b: Provide regular ecosystem status report updates and similar reports to 
ensure they inform regional decision-making processes. 

Action Item 2.b.1: Provide support and information for development and 
review of new or updated ESRs. 

Action Item 2.b.2: Include ESR support duties as a significant percentage of 
personnel performance plans, for a sufficient number of personnel in each 
Financial Management Center. 

Action Item 2.b.3: Expand and coordinate regional and national efforts to 
develop and disseminate ecosystem indicators that support multiple decision 
support products and reach across Councils and other management partners. 

Goal 2.c: Prioritize science in alignment with priority ecological, economic and social 
objectives identified in Guideline 1 above so that a deeper understanding can better 
inform management advice. 

Action Item 2.c.1: Identify, prioritize, research and address key ecosystem 
and climate questions for a region, as defined by EBFM and climate staff 
teams working internally (see Goal 1.c.1) and with external management 
partners and stakeholders. 

 

Action Item 2.c.2: Assess the science needs, assets, and gaps associated with 
management on-ramps for bringing ecosystem science into key decision-
making processes, as noted in Goals 1.a and 5.b. 
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Guideline 3 - Prioritize vulnerabilities and risks to ecosystems and their components 

Goal 3.a: Identify the ecosystem-level, cumulative risk (across living marine 
resources, habitats, ecosystem functions and associated fisheries communities) in 
each region and the relative vulnerability to changing conditions, including from 
biophysical and human pressures. 

Action Item 3.a.1: Conduct climate vulnerability assessments (CVAs) for 
living marine resources, habitats and coastal communities, identify gaps or 
needed updates in existing CVAs, and identify new and existing on-ramps for 
use in management.  

Action Item 3.a.2: Conduct ecosystem-level risk assessments to identify 
existing and emerging stressors, opportunities, vulnerabilities, and 
cumulative impacts most likely to hinder our ability to meet management 
goals and objectives. 

Goal 3.b: Identify the individual, cumulative, nonlinear, and nonstationary pressures 
and potential “black swan” events that pose the most risk to those vulnerable 
resources and dependent communities. 

Action Item 3.b.1: Research and apply methodologies for identifying or 
predicting significant and disproportionately impactful pressures and events 
within managed marine ecosystems. 

Action Item 3.b.2: Identify those habitats, species, and human communities 
that are most vulnerable to pressures and events and evaluate management 
mitigation measures. 

Goal 3.c: Prioritize management options for mitigating risk, enhancing resilience, 
and or improving adaptive capacity within existing decision-making processes. 

Action Item 3.c.1: Identify potential improvements for existing regulatory 
responses to rapid within-year changes in catch rates of target species and 
bycatch rates of non-target and protected resources to mitigate risks.  

Action Item 3.c.2: Identify where outreach to partnering agencies and 
affected communities with interacting authorities and interests can be 
initiated or strengthened and assist management partners in developing 
policies that address risk and uncertainty from climate and other ecosystem 
drivers. 
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Action Item 3.c.3: Develop and test management strategies, recovery 
strategies, and habitat restoration approaches that are robust to rapid 
environmental change and extreme conditions. 

Guideline 4 – Explore and address trade-offs within an ecosystem 

Goal 4.a: Include climate considerations explicitly in the evaluation of the dynamics 
and trade-offs of living marine resource management in a regional ecosystem. 

Action Item 4.a.1: Conduct scenario planning to explore living marine 
resource and coastal community dynamics under current and future ocean 
conditions and to consider multiple objectives across fisheries and ocean 
uses.  

Action Item 4.a.2: Develop and expand capacity of fisheries, habitat, 
protected resources, and integrated ecosystem assessments to explore 
ecosystem dynamics under extreme events and changing ocean conditions. 

Action Item 4.a.3: Develop a framework for identifying and assessing fishing 
fleet behavior, including fishing location choices and changes in shoreside 
support sectors, to support fisheries management planning and planning for 
other ocean uses under climate change. 

Goal 4.b: Analyze trade-offs with respect to optimizing benefits from all fisheries 
within each ecosystem or jurisdiction, including protected resources and habitat 
considerations, acknowledging all objectives may not be achievable simultaneously, 
by accounting for all ecosystem-specific policy goals and objectives. 

Action Item 4.b.1: Develop fora to identify, evaluate, and minimize conflict 
within and across fisheries, habitats, protected resources recovery, and 
human well-being priorities at near-term and long-term time scales. 

Action Item 4.b.2: Expand capacity of fisheries, habitat, protected resources, 
and ecosystem assessments to explore multi-species harvest, conservation 
and recovery policies and guidance on setting multi-species annual catch 
limits. 

Goal 4.c: Conduct management strategy evaluations that include ecosystem-level 
analyses which provide ecosystem-wide management advice and that inform 
harvest control rule and other management decisions, consistent with statutory 
requirements.  
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Action Item 4.c.1: Develop MSEs to assess management options to mitigate 
and prepare for the risks and vulnerabilities identified under Guideline 3 to 
meet the ecosystem goals and objectives identified under Guideline 1. 

Action Item 4.c.2: Develop MSEs in collaboration with management partners 
that address manager and stakeholder needs and leverage existing public-
engagement processes. 

Action Item 4.c.3: Develop and maintain capacity to conduct whole-
ecosystem MSEs to test the robustness of living marine resource 
management plans and policies to ecosystem-scale changes. 

Guideline 5 – Implement ecosystem considerations into management 

Goal 5.a: Develop and monitor ecosystem-level reference points. 

Action Item 5.a.1: Develop and implement best practices for identifying and 
estimating ELRPs for ecosystem-level biodiversity, resilience, and 
persistence, taking into account the potential effects of climate variability 
and change on marine ecosystems.  

Goal 5.b: Incorporate ecosystem considerations, climate uncertainties, and an 
understanding of consequences and trade-offs into appropriate living marine 
resource management decisions. Explore and test regulatory options to incorporate 
climate change, ecosystem considerations, and other related features into 
management decisions, advice, and options. 

Action Item 5.b.1: Develop ecosystem- and climate-ready terms of reference 
for fish and protected resources stock assessments, habitat assessments, and 
ecosystem assessment analyses, reviews, and decision-making processes. 

Action Item 5.b.2: Update regulatory language that provides guidance on 
MSA national standards, MSA and MMPA bycatch mitigation, ESA recovery 
planning and implementation, and EFH refinements and consultations to 
ensure that language addresses EBFM principles and supports climate-ready 
fisheries, species, and habitats. 

Goal 5.c: Provide integrated advice across multiple habitats and species (both 
targeted and protected) within an ecosystem. 

Action Item 5.c.1: Provide guidance for and examples of dynamic and flexible 
fisheries management measures that can respond to shifts in species’ 
distribution and availability for all living marine resource taxa in an 
ecosystem. 
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Action Item 5.c.2: Build habitat (EFH and critical habitat) mapping and 
designation capacity to address the potential effects of climate change and to 
site, design and implement habitat protection and priority restoration across 
all regions, with the goal of enhancing fish productivity and recovering 
protected resources. 

 

Guideline 6 – Support ecosystem resilience via monitoring and adjusting of 
management actions 

Goal 6.a: Evaluate ecosystem-level measures of resilience to maintain core 
ecosystem structure, biodiversity, production, energy flow, and functioning. 

Action Item 6.a.1: Develop operational definitions, measures, and thresholds 
of resilience that can be used across NOAA Fisheries’ range of mandates 
(MSA, MMPA, ESA, NEPA, Executive Orders, and others) and that can be 
applied to our ecosystems under a future of climate variability and change. 

Goal 6.b: Evaluate coastal fishing community well-being.  

Action Item 6.b.1: Develop and report on metrics for human well-being in 
fishing communities that address fishery benefits to the nation. 

Action Item 6.b.2: Develop a framework for identifying seafood systems and 
seafood supplies that have been affected by fisheries and natural disasters, as 
well as by more general ecosystem change, particularly identifying and 
including traditional seafoods and culturally-important fish species and 
stocks.  

Goal 6.c: Identify and track NOAA Fisheries-wide performance and success metrics 
for tracking progress toward meeting EBFM goals and objectives. 

Action Item 6.c.1: Establish and report on EBFM performance measures. 

Action Item 6.c.2: Review and track action items accomplished across NOAA 
Fisheries. 
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Appendix B: Focus Areas for EBFM Science and Management Conferences  

Under this Road Map’s Action Item 2.a.3, NOAA Fisheries will continue its practice of 
organizing biennial EBFM science and management staff workgroups and conferences. Past 
NOAA Fisheries EBFM science and management conferences have addressed Moving EBFM 
Forward (2020) and ecosystem status reports (2021, Morrison et al. 2022). NOAA Fisheries 
staff also regularly work together across regions in National Ecosystem Modeling 
Workshops.  Future focus areas for EBFM science and management conferences or 
workgroups that could help develop ideas and actions in this Road Map include, but are not 
limited to: 

• Convening a working team of stock assessors and ecosystem scientists to explore 
relationships between environmental indices and stock abundance; 

• Sharing methods for evaluating degraded habitat for its restoration needs and costs, 
taking into account the potential effects of climate variability and change on that 
habitat; 

• Developing models to assess the combined effects of climate variability and long-
term social and economic impacts of fishery resource depletion and recovery and 
protected species recovery, on ocean resource management;  

• Assessing availability and developing long-term planning for food habits data 
collection and publication, and for using that data to update ecosystem food web 
models; 

• Discussing how to revise stock assessment terms of reference to consider ecosystem 
information in keeping with the SAIP at Section III (SAIP = Lynch et al. 2018); 

• Explore ecosystem-scale and cross-regional MSEs; 
• Develop a national framework for understanding potential ELRPs for ecosystem-

level biodiversity, resilience, and persistence; 
• Explore and report on 3-5 nationally applicable indicators of human well-being in 

fishing communities that address fishery benefits to the nation, and which can be 
supplemented as needed with regionally-appropriate indicators of human well-
being; 

• Explore ecosystem “resilience,” or alternative frameworks like “persistence” under 
climate change and for different regions of the country, drafting metrics of 
ecosystem resilience, and assessing the regional and national utility and 
applicability of resilience concepts under major mandates.   

• A workshop to discuss the development and content of Fishery Ecosystem Plans and 
other strategic planning documents to provide standards and examples for 
integrating science products (i.e., MSEs, ELRPs, IEAs, ESRs, ESPs) into management 
documents.  

https://www.fisheries.noaa.gov/national/ecosystems/national-ecosystem-modeling-workshops
https://www.fisheries.noaa.gov/national/ecosystems/national-ecosystem-modeling-workshops
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• Some meeting(s) on shifting stocks / implications on management / tools - the 
information that comes out about this is changing all the time and we will 
continuously benefit from new examples and approaches (e.g. would be good to see 
changes in ocean circulation integrated in workshop about shifting stocks) 

• “EBFM Toolkit” short Pop-up Workshops (e.g., half-day or one day) sharing 
examples of a featured science-based tool(s) that is or could be used to inform 
management (e.g., spatial-temporal models of shifting species distributions in a 
changing environment; climate vulnerability assessments (NE Habitat CVA (how do 
other regions get started?); and building community input into CVAs (how do we do 
this meaningfully?)). How can we use Habitat CVAs to identify those habitats that 
should be protected given their vulnerability? Or integrating/interpreting 
information from different types of CVAs (species, habitats, communities) 

• Workshop focusing on ways to enhance social science w/in EBFM 
• A workshop in the next year that is focused on the Road Map as a whole and is 

basically about how we ensure it doesn’t immediately start to collect dust. Matching 
people and assets and capabilities to particular action items, identifying where 
additional support is needed for high-value near-term action items, etc. This could 
even be focused intensively on Guideline 1, perhaps that’s where impact would be 
greatest.  

• A workshop on defining and operationalizing “flexibility,” from multiple 
perspectives (managers, fishery participants, governance, data providers/analysts,  
other. Perhaps an outcome could be development of some flexibility scenarios that 
could be tested with a relatively simple or shovel-ready MSE framework.) 

• A workshop on benefits of / progress made through / getting the most out of 
scenario planning 

• A workshop on trade-offs, based on RM 4.b.1 supporting text: “NOAA Fisheries will 
bring together different scientific disciplines to better identify the trade-offs made 
for marine ecosystems and managed resources, potentially building off of possible 
future tradeoffs identified in the scenario planning in Action Item 4.a.1.” 

• On-ramps to integrating habitat and protected species information into fisheries 
management decisions. 
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