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Abstract

Offshore wind development (OWD) is set to expand rapidly in the United States as a component of the nation's
effort to combat climate change. Offshore wind development in the United States is slated to begin in the Greater
Atlantic region, where it is expected to interact with ocean ecology, human dimensions, fisheries data collections, and
fisheries management. Understanding these interactions is key to ensuring the coexistence of offshore wind energy
with sustainable fisheries and a healthy marine ecosystem. These anticipated interactions compelled the authors, all
fisheries scientists or managers at National Oceanic and Atmospheric Administration (NOAA) Fisheries who are
actively engaged in offshore wind science to identify scientific research priorities for OWD in the Northeast U.S.
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Continental Shelf ecosystem, specifically in support of NOAA Fisheries' role as the nation's leading steward of marine
life. We extracted and analyzed OWD research needs from existing scientific documents and used this information as
the basis to develop a list of priorities that align with five major OWD science themes that are of high interest to
NOAA Fisheries. These NOAA Fisheries themes include supporting the regulatory process; mitigating the impacts to
NOAA Fisheries' surveys; advancing science to understand interactions with NOAA Fisheries trust resources, the
marine ecosystem, and fishing industries/communities; advancing the science of mitigation for NOAA Fisheries trust
resources and fishing industries/communities; and advancing data management methods. The areas identified as
research priorities will support the coexistence of offshore wind and sustainable fisheries and inform the development
of NOAA Fisheries' science plan for offshore wind in the Northeast U.S. Continental Shelf ecosystem as well as
cross-sectoral science planning efforts at the regional, national, and international levels.

Offshore wind development (OWD) has advanced glob-
ally at a record-setting pace for more than a decade. At
the end of 2021, there were 57 GW of installed offshore
wind energy generating capacity worldwide, representing
an increase greater than 60% relative to the previous year
(GWEC 2021, 2022). In the United States, offshore wind
is an integral component of the federal government's strat-
egy to reduce the nation's reliance on fossil fuels, curtail
carbon emissions, and mitigate the impacts of climate
change. To date, the United States has granted federal
approval for just under 1 GW of commercial-scale energy
and plans to support the goal of 30 GW of new offshore
wind energy by 2030, with a pathway to 110 GW by
2050. In the U.S. Northeast, designated lease areas cover
more than 930,777 ha (2.3 million acres), with over 25
projects proposed for development by 2030. The Bureau
of Ocean Energy Management (BOEM) plans to hold up
to seven new offshore wind lease sales by 2025 in other
regions of the United States (Figure 1). Although OWD
may play a central role in the nation's plan to combat cli-
mate change, wind developments will interact with the
ocean and its inhabitants. Understanding these interac-
tions is key to avoiding, minimizing, and mitigating
adverse impacts and ensuring the coexistence of offshore
wind energy with sustainable fisheries and a healthy
marine ecosystem.

Offshore wind development will modify the ocean envi-
ronment and affect fisheries (Gill et al. 2020; Mooney
et al. 2020; Christiansen et al. 2022). It will also necessi-
tate making alterations to the methodologies used to sur-
vey and monitor protected species and natural resources
(Gill et al. 2020; Methratta et al. 2020), thus affecting the
information yielded by those surveys and potentially the
management and policy decisions that rely upon that
information (Hare et al. 2022). Although the U.S. Coast
Guard has not legally restricted fishing activities within
OWDs (Kearns and West 2018), maneuverability of fish-
ing vessels within wind arecas may vary depending on
many factors, including vessel size, the fishing gear or
method used, or environmental conditions (BOEM 2021a).
This will lead to displacement (Murawski et al. 2005;
Bergstrom et al. 2014; De Backer et al. 2019) for both

commercial and recreational fisheries if they are excluded
from accessing fishing grounds during the construction
phase and de facto (practical) exclusions during opera-
tional phases for some mobile-gear commercial fisheries
(Mackinson et al. 2006; Gray et al. 2016; ten Brink and
Dalton 2018; NYSERDA 2022). Potential increases in rec-
reational fisheries attracted to OWD structures may also
occur (ten Brink and Dalton 2018; Smythe et al. 2021).
Floating offshore wind (as proposed for the Gulf of
Maine, West Coast, and central Atlantic) will further
exclude fisheries due to the presence of cables within the
water column. In Scotland, survey research is ongoing to
trial safe fixed-gear fishing within floating wind farms
(Equinor 2022). The effects of interactions with OWD at
sea will ripple through fishing communities and land-
based supply chains (Haggett et al. 2020; Haraldsson
et al. 2020). Offshore wind development will also have
social and cultural (nonmaterial) impacts on fishing com-
munities, including effects on well-being and quality of life
(Mackinson et al. 2006; Hooper et al. 2015; Haraldsson
et al. 2020) as well as seafood supply and labor impacts
(Qu et al. 2021).

The National Oceanic and Atmospheric Administration
(NOAA) is the trusted federal government authority on
science, conservation, and management of a broad range
of fish, wildlife, and cultural “trust” resources; fisheries;
and fishing communities. The National Oceanic and
Atmospheric Administration serves as a cooperating
agency to BOEM, which is the lead federal agency for off-
shore energy exploration and development. In pursuit of
NOAA Fisheries' mission to preserve marine life while
practicing ecosystem-based management (EBM), the
agency conducts economic and sociocultural research to
support management by evaluating the benefits and costs
of different activities, identifying and prioritizing needs,
and encouraging policies that maximize societal benefits
for communities that depend on these resources (e.g., fish-
ermen, Indigenous communities, and coastal community
members). The Northeast U.S. Continental Shelf (here-
after, referred to as “the Northeast Shelf”) ecosystem,
defined as the portion of the continental shelf extending
from Cape Hatteras, North Carolina, to Nova Scotia (an
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FIGURE 1. Federal commercial offshore wind leasing footprint in the U.S. Outer Continental Shelf (OCS) regions. Note: Offshore wind development
(OWD) areas are continuously changing. All values represent the total footprint as of November 2022. Vineyard Wind 1 and South Fork Wind are
the first two commercial-scale wind development areas approved in federal waters and account for 31,970 ha (79,000 acres). There are two projects
under operation: the Block Island Wind Farm in Rhode Island state waters and the Coastal Virginia Offshore Wind research lease. Asterisk indicates
that the total footprint reported for planning areas is anticipated to be winnowed down through the Bureau of Ocean Energy Management's lease area

identification process.

area of 260,000 km?), is the nation's vanguard for OWD.
Therefore, it was the first NOAA Fisheries region to iden-
tify the agency's role in the U.S. OWD process (Table 1)
and to assemble teams of scientists to begin addressing
regulatory analyses, mitigating the impacts of OWD on
scientific surveys, and developing areas of research to
understand the potential interactions between OWD and
NOAA Fisheries trust resources. Given the connectivity of
habitats in the marine environment, the coexistence of
OWD with a healthy marine ecosystem and sustainable
fisheries would greatly benefit from a clear and compre-
hensive research plan. Such a plan will help to avoid per-
manent adverse impacts, assist in understanding the costs

and benefits of OWD, and support continued sustainable
seafood harvesting.

Much of our understanding of OWD impacts comes
from Europe, where offshore wind has existed for four
decades. Several European countries have identified and
implemented integrated research approaches within their
territorial seas to address priorities at both the single wind
farm scale and the territory scale. For example, within Bel-
gium's 238-km? portion of the North Sea, all offshore wind
projects are required by law to implement a two-tiered
research and monitoring system (Degraer et al. 2019). Tier
1 requires project monitoring of key impacts on the marine
ecosystem, whereas tier 2 implements more focused
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TABLE 1. Central themes addressed by National Oceanic and Atmospheric Administration (NOAA) Fisheries in the U.S. offshore wind development
process.

Theme Description

1. Support regulatory processes

2. Mitigate impacts to NOAA Fisheries
scientific surveys

3. Advance science to understand
interactions with NOAA Fisheries trust
resources, the marine ecosystem, and
fishing industries/communities

4. Advance the science of mitigation for
NOAA Fisheries trust resources and
fishing industries/communities where
impacts cannot be avoided

5. Advance data management methods

This includes science to support the planning, development, regulatory
review, and impact analysis of regional wind projects on the ocean
environment (e.g., physical and chemical processes), marine trust
resources (e.g., fish and invertebrate species, essential fish habitat, and
protected species), fishing operations, and fishing communities. These are
activities conducted by the Northeast Fisheries Science Center (NEFSC),
Greater Atlantic Regional Fisheries Office (GARFO), and the NOAA
Fisheries Office of Protected Resources to address regulatory
responsibilities under the National Environmental Policy Act, Magnuson—
Stevens Fishery Conservation and Management Act, Endangered Species
Act, and Marine Mammal Protection Act.

This refers to NEFSC-led activities to mitigate impacts of offshore wind
projects on scientific surveys (see Table 4).

This includes research conducted by the NEFSC and collaborators to
understand offshore wind effects in order to inform fisheries management
actions and wind project permitting decisions.

This includes research conducted by the NEFSC and GARFO that will
provide recommendations and a greater degree of certainty to the
development process by promoting ocean co-use and the conservation of
marine ecosystems simultaneously.

This includes methods and approaches for standardizing and harmonizing

data collection, data storage, and data dissemination.

monitoring and research based on an integration of ecosys-
tem understanding gained from tier 1. This integrated and
consistent approach applied over time has allowed officials
the ability to advance understanding from the short-term
and local-effect scale to benefit scientific understanding of
the longer-term and regional scale (Degraer et al. 2019).
Despite these strides, the absence of preconstruction base-
line data, coupled with the lack of a cross-boundary
research plan prior to the large-scale build-out that now
exists, has limited scientists' ability to understand how
OWD has affected those ecosystems (Wilding et al. 2017).
This underscores the need to develop a regionally inte-
grated research plan in the United States before OWD
commences (Gill et al. 2020). The international importance
of this work is further underscored by the work of the mul-
tiple International Council for the Exploration of the Sea
(ICES) working groups that are focused on offshore wind
science (e.g., ICES 2021a, 2021b, 2021c).

An important step toward developing a regional
research plan is to establish key offshore wind-fisheries
science priorities for the Northeast Shelf ecosystem. A
number of recently convened workshops, presentations,
and guided panel discussions has brought together techni-
cal subject matter experts, fishing industry experts, wind
industry members, and other stakeholders. These efforts

have yielded several published documents that characterize
priority marine research needs in the form of recommen-
dations, goals, data gaps, and questions for future
endeavors. Some of the documents cover a comprehensive
array of research needs, including those associated with
biological and physical habitat, ecological interactions,
human dimensions, fisheries data collections, cumulative
impacts, and data collection methods (MADMF 2018;
NOAA 2023). Others were focused on specific topics, such
as the benthic impacts of OWD (Degraer et al. 2021) or
the effects of sound and vibration on fish and inverte-
brates (e.g., Popper et al. 2021). Still others offered per-
spectives of a specific stakeholder group, such as the
fishing industry (RODA 2022), or were focused on a spe-
cific subset of wind energy areas (Petruny-Parker et al.
2015; MADMEF 2018). These documents offer a wealth of
scientific information and stakeholder perspectives that
can inform the development of a regionally integrated sci-
ence plan.

The purpose of this paper is to identify research priori-
ties for the NOAA Fisheries Greater Atlantic Region from
our perspectives as fisheries scientists or managers at
NOAA Fisheries who are actively engaged in OWD sci-
ence. This was done by first conducting a comprehensive
review of existing documents that provided research needs
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and then using this information, combined with our collec-
tive knowledge and expertise, to formulate a list of priority
research areas for the NOAA Fisheries Greater Atlantic
Region. We have intentionally avoided ranking research
priorities to encourage individual researchers and interested
parties with the expertise and capacity to contribute to
addressing any of the identified research needs based on
available resources. In this paper, we present the method
by which we collected existing information, the type of
information that was extracted from each document, and
the thought process used to identify research priorities. We
then present the research priorities together with metadata
characterizing how, where, and by whom these research
priorities should be addressed. Finally, we highlight how
this information will inform a regionally integrated science
plan for offshore wind and fisheries for the Northeast Shelf
ecosystem as well as other regions of the United States and
how it will contribute to regional marine resource manage-
ment needs and actions.

METHODS

We compiled documents from the United States that
provided priority marine research needs, including synthe-
ses of existing offshore wind-fisheries science, reports, and
science plans. These documents were from regional, cross-
sectoral working groups; federal and state agency web-
sites; and nongovernmental organization (NGO) websites.
Although the majority of the documents resided in the
gray literature, we also conducted a traditional academic
literature search using the key words “offshore wind”;
“renewable energy”; “syntheses,” “impacts,” or “recom-
mendations”; and “fish” or “fisheries” in the United States
using Web of Science and Google Scholar to ensure a
comprehensive search.

For each relevant document, we extracted the specific
marine science research needs related to OWD. This large
list was reduced in the following ways: research needs that
were redundant with each other were entered into our list
only once; those that were outdated or already sufficiently
addressed were not included in our list; and those that
addressed similar research priorities using different method-
ologies were entered only once into our list but information
on their methodologies was retained in the ‘“available
methods or approaches” column in one of our tables.
Using this reduced list, individual research questions were
formulated and placed into categories according to the
research priority that they addressed (e.g., energy emis-
sions—¢clectromagnetic field [EMF] impacts, cultural-tradi-
tional values, economics—impacts and costs, etc.). In some
instances, priority research questions were refined or
expanded from marine science needs culled from existing
documents to more closely align with NOAA Fisheries'
mission (e.g., survey mitigation). The final result was a list
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of research priorities and specific questions to be addressed
within each priority. Criteria that were used to identify
research priorities included importance to NOAA Fisheries'
mission, urgency with which the research is needed, and
the ability of the research to contribute to emerging knowl-
edge and reduce uncertainties associated with ecological
impacts, human dimension interactions, or fisheries man-
agement processes. We grouped the resulting research pri-
orities into the five themes that define NOAA Fisheries'
role related to OWD (Table 1).

For each research priority, we characterized the follow-
ing metadata to determine the relevance of a given recom-
mendation to NOAA Fisheries priorities:

1. Research priority: a priority area of scientific need
that is aligned with the NOAA science themes.

2. Research questions: clearly defined questions within
each research priority to be researched.

3. Temporal scale and resolution, need for baseline data:
when the research project should occur relative to the
phases of OWD and the frequency at which it should
occur; duration of the research project; and whether
baseline data are needed.

4. Question stated as a null hypothesis: statement of the
research question in the form of a null hypothesis.

5. Available methods or approaches: what, if any, cur-
rent research methods or approaches are available at
this time.

6. Location: identify whether the research question(s)
should be addressed at specific OWDs or whether the
question is relevant to all OWDs.

7. Entity that should lead: the entity that is best suited to
lead this work (e.g., NOAA Fisheries, other federal or
state agencies, research community, developers, etc.).

8. How NOAA Fisheries would be involved with this
research: this may be through conducting, funding, or
reviewing research; or providing scientific expertise or
data.

9. Importance to NOAA Fisheries: specific issues within
its broader processes/activities that NOAA Fisheries
needs to address with this information.

10. Management implications: indicates how the informa-
tion derived from this research would inform decision
making on fisheries resources, essential fish habitat,
protected species, fishery operations, and other NOAA
trust resources.

RESULTS AND DISCUSSION

Our search for documents that providled OWD marine
science research needs uncovered 17 relevant documents
(Table 2). Federal agency reports were the most common
type of document (n = 7), followed by state government
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TABLE2. List of documents that provided priority marine science research needs for offshore wind development (OWD; NGO = nongovernmental

organization).

Source Sector General content area

MAFMC (2021) Council Impacts to fisheries-independent data collection; impacts to council-managed
stocks; fisheries and socioeconomic indicators

NOAA (2023) Federal Benthic and oceanographic habitat impacts; ecological impacts; fisheries-dependent
and fisheries-independent data collection; human dimensions; fisheries; fisheries
management

NREL (2022a) Federal Cumulative effects

NREL (2022c) Federal Fish resources and habitat; reef effects

NREL (2022b) Federal Fish resources and habitat

Copping and Federal Noise; electromagnetic fields (EMFs); benthic and pelagic habitat impacts;

Hemery (2020) oceanographic systems impacts; socioeconomics; collision; entanglement
Petruny-Parker Federal Protected species; fish resource impacts; habitat impacts; impact-producing factors
et al. (2015) (IPFs); critical locations

BOEM (2021b) Federal Floating offshore wind effects on fisheries, ecology, and transit routes

NASEM (2022) NGO Effects on marine vessel radar

Kraus et al. (2019) NGO Protected species; IPF effects on specific organismal and population processes

RODA (2022) NGO Human dimensions; ecological; fisheries; stock; protected species; fisheries data
collection; benthic and pelagic habitat; oceanographic; impact factors

Kershaw et al. (2022) NGO Habitat; fish, turtles, birds, and mammals

MADMEF (2019) State Fish, fisheries, and human dimensions

MADMEF (2018) State Fisheries; fish resources and habitat; fisheries management; human dimensions

NIDEP (2021) State Impacts on benthic and pelagic habitat; benthos, birds, bats, fishes, mobile

invertebrates, sea turtles, and marine mammals; fisheries; fisheries-independent

data collection
NYSERDA (2021) State

Acoustic impacts on turtles, marine mammals, fish, and invertebrates;

oceanographic stratification; birds; benthic impacts; bats

Maxwell et al. (2022)  Academic

NGOs

Floating offshore wind effects on ecological receptors; marine mammals; birds;
and benthos; habitat; IPFs

reports (n = 4) and reports led by NGOs (n = 4), a fisheries
management council (n = 1), and a mixed team of aca-
demic researchers and NGOs (n = 1). Compilation of scien-
tific research needs resulted in a list of 533 individual
research needs. Thirty-three research priorities were identi-
fied and placed into one of the five NOAA Fisheries off-
shore wind science themes: 15 to support regulatory
processes; 2 to mitigate impacts to NOAA Fisheries scien-
tific surveys; 12 to advance science to understand interac-
tions with trust resources, the marine ecosystem, and
fishing industries/communities; 2 to advance the science of
mitigation for NOAA Fisheries trust resources and fishing
industries/communities; and 2 to advance data management
methods (Table 3). Additional information for each theme
is presented in Tables S1-S5 (available in the Supplement
separately online).

Theme 1: Support Regulatory Processes
In order to achieve NOAA Fisheries' vision of resilient
and healthy ecosystems, communities, and economies,

science is needed to support the regulatory processes of
OWD. One of the key gaps in information to support the
regulatory process involves the impacts of OWD on the
human dimensions, which need to be studied over time
given the long-term and fluid nature of interactions
between OWD and people. Offshore wind will impact fish-
ing operations, including changes in fishing behavior and
shifts in fishing grounds, target species, and effort dis-
placement. Studies on the economic effects for individual
fishermen, fishing entities, Indigenous Peoples, industries,
support businesses, and the wider coastal communities are
needed. Economic impact measures are often used to sup-
port the OWD regulatory process, but additional research
about specific parametric inputs to these models, such as
changes in cost (trip and fixed costs), value of permits and
fishing businesses, new gear innovation, and lost fishing
time, is needed. In addition, these models are explicitly
static in nature and do not allow for substitution (such as
between areas or fisheries or among recreational activi-
ties). Innovative data collections, including further
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TABLE 3. Continued.

Location where it

Temporal scale, resolution, Available methods or

Specific questions with research

should occur

approaches

need for baseline data

priority

Research priority

Desktop analysis

Develop new or utilize existing

30+ year duration; before,

during, after

Develop and communicate new

Data

data portals, such as Northeast

regional data systems

management—data

systems

Regional Association of Coastal
Ocean Observing Systems,
National Centers for

Environmental Information,

InPort, etc.
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collaborations with the fishing industry, collecting fine-
scale data, and primary data collections through survey
protocols before, during, and after construction, would
allow socioeconomic impact models to serve as effective
tools for evaluating the effects of OWD on fishing com-
munities. Although fisheries resilience and adaptation
research has been conducted in the region for climate
change, regulatory changes, and disasters (Pollnac et al.
2015; Seara et al. 2016; Young et al. 2019; Smith et al.
2020), further research is needed specific to offshore wind
and fisheries interactions, including fishermen's perceived
resilience as well as methods of adapting and ability to
adapt to changes from OWD.

Social and cultural or nonmaterial effects, such as way
of life, multi-generational connectivity to an industry,
employment changes, social capital, social license to oper-
ate, mental health, and environmental justice concerns
with OWD and fisheries, are also identified as research
priorities. Social and cultural data and information are
often very limited, and they vary in coverage and attri-
butes and thus are not used to support regulatory OWD
processes. A common and consistent framework with
recommended metrics for evaluating OWD impacts (e.g.,
primary data collections, fishing behavior models, and
social and economic impact assessments) is needed to eval-
uate socioeconomic effects. Broader, market-based effects
were also identified as needing additional research, includ-
ing effects on the insurance that vessels carry, effects on
the supply of seafood, labor market impacts, and impacts
on fishing-related infrastructure provision. These effects
are likely location specific, necessitating in-depth commu-
nity profiles to inform the types of market-related effects
that may occur. Again, however, data are often limited,
and consistent evaluation frameworks are needed.

Identifying and evaluating spatial conflicts and cumula-
tive effects of OWD constitute another current gap in the
information needed to support the regulatory process.
Holistic approaches that consider OWD impacts on pro-
cesses at scales relevant to populations and ecosystems,
such as integrated ecosystem assessment (IEA), cumulative
impact analysis (CIA), and EBM approaches, are needed
to support regulatory decisions. The IEA approach is a
multi-step process that allows for the evaluation of cross-
sector trade-offs (Samhouri et al. 2014; Spooner et al.
2021). Integrated ecosystem assessments can be used to
evaluate future OWD lease areas that have the least over-
lap with NOAA Fisheries trust resources and existing
ocean uses. Cumulative impacts—that is, the spatial and
temporal accumulation of impact-producing factors (IPFs)
on physical, biological, economic, or cultural resources
(BOEM 2020)—have been difficult to assess due to high
uncertainty and limited understanding of cause—effect
pathways (Gulka et al. 2022). The NOAA Fisheries trust
resources and fishing operations may be affected by OWD
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throughout their spatial range and during each phase of
project development, including by geotechnical site surveys
prior to construction, operations, and decommissioning
activities (Willsteed et al. 2017; Gusatu et al. 2021; NREL
2022a). Ecosystem-based management provides a frame-
work for balancing the ecological and human dimensions
of OWD through consideration of how ecosystem compo-
nents, including humans, interact with management sec-
tors across the entire ecosystem (Levin and Lubchenco
2008). The IEAs are an operational approach to EBM
and can be used to integrate OWD impacts into broader
marine resource management decisions and to ensure that
all impacts, including cumulative impacts, are considered
and thoroughly evaluated under the umbrella of EBM. As
OWD will be concurrent with the research that is being
developed to study its effects, iterative approaches that use
the outcomes of current and future studies to update and
inform IEA, CIA, and EBM models should be used, con-
sistent with the conclusions made by European researchers
(Degraer et al. 2019). Integrated ecosystem assessment
methodologies are currently being applied to identify
aquaculture opportunity areas (Riley et al. 2021) and con-
ceptual OWD in the Gulf of Maine (S. Lucey, NOAA
Fisheries, personal communication) and could be
expanded to other regions of the United States.

Theme 2: Mitigate Impacts to NOAA Fisheries Scientific
Surveys

The overlap between NOAA Fisheries surveys and
OWD in the Northeast Shelf ecosystem is substantial. Oft-
shore wind development has the potential to impact
fisheries-independent surveys in four ways: preclusion of
NOAA Fisheries sampling platforms from OWD areas
due to operational and safety limitations; impacts on the
statistical design of surveys (including random-stratified,
fixed-station, transect, opportunistic, and other designs),
which is the basis for scientific assessments, advice, and
analyses; alteration of benthic and pelagic habitats and
airspace in and around OWD, requiring new designs and
methods to sample new habitats; and reduced sampling
productivity through navigation impacts of wind energy
infrastructure on aerial and vessel surveys (Hare et al.
2022).

There are currently 14 NOAA Fisheries surveys
(Table 4) that will be impacted by current OWD in the
Northeast Shelf ecosystem. As the footprint of OWD
grows, additional surveys may be impacted and the
impacts to existing surveys will likely increase
(NOAA 2023), but the extent of the impacts and how to
address those impacts are currently undefined. For exam-
ple, the severity of the preclusion impact will depend on
turbine foundation type (e.g., fixed or floating), turbine
spacing, and cable spacing and burial, which will vary
across OWDs. Preclusion impacts also vary according to

METHRATTA ET AL.

the vessel and gear used for individual surveys. Mobile-
gear surveys on large vessels and aerial surveys that can-
not fly above OWD are expected to be the most impacted
by preclusion if stations fall within OWD areas. The
National Oceanic and Atmospheric Administration and
BOEM released a Federal Survey Mitigation Strategy in
2022 (Hare et al. 2022) to outline the U.S. Government's
approach to mitigating the impacts of OWD on NOAA
Fisheries scientific surveys and the risks posed to living
marine resource management. The strategy outlines
actions that must be taken to develop and implement
regional survey mitigation programs. The strategy out-
lines five goals that federal agencies should pursue: (1)
mitigate any unavoidable impacts of OWD on NOAA
Fisheries surveys; (2) evaluate and, to the extent practica-
ble, integrate OWD monitoring studies with NOAA
Fisheries surveys; (3) collaboratively plan and implement
NOAA Fisheries survey mitigation with partners, stake-
holders, and other ocean users; (4) adaptively implement
the Federal Survey Mitigation Program and the Federal
Survey Mitigation Strategy, recognizing the long-term
nature of the surveys and the dynamic nature of OWD,
survey technology and approaches, marine ecosystems,
and human uses of marine ecosystems; and (5) share
experiences and lessons learned with other regions and
countries where OWD 1is being planned or is underway
(Hare et al. 2022).

An adaptive, resourced, and comprehensive Northeast
region survey mitigation program is needed to ensure
that fisheries and protected species management needs
can continue to be met, with fisheries, habitat, and eco-
system data that are accurate, timely, and precise (e.g.,
Hare et al. 2022). Specifically, continuity of new sam-
pling methods with existing time series is critical to main-
tain the precision and accuracy of data collections.
Advancing research methods and scientific practices for
evaluating existing scientific survey designs and the iden-
tification, evaluation, and integration of new survey
approaches are primary steps (Gill et al. 2020; Methratta
et al. 2020). The effects of changing survey approaches
on the provisioning of scientific advice can be examined
using observation system simulation models (Regular
et al. 2020). Research into new methods that can aug-
ment existing surveys is also needed. Testing, validating,
and operationalizing remote sensing techniques like pas-
sive and active acoustics, environmental DNA, optical
sensing technologies, uncrewed sampling platforms,
expanded use of tagging, isotopic studies, and the use of
artificial intelligence in automating species detection and
identification were identified as priorities (e.g.,
MAFMC 2021; NEFMC 2021). All such research will
need to ensure appropriate integration or calibration to
existing time series. Ensuring that data streams from new
or expanded data collections are effectively designed to
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support scientific operations and data users and contrib-
ute to management advice (i.e., operationalizing the tech-
nologies) remains a key challenge, in part because of
underinvestment and the complexity of integrating and
maintaining large new data sets (e.g., Goodwin et al.
2020). Due to the importance of life history information,
the need for biological sample collections must also be
considered.

Theme 3: Advance Science to Understand Interactions
with NOAA Fisheries Trust Resources, the Marine
Ecosystem, and Fishing Industries/Communities

Understanding the interactions between OWD and
NOAA Fisheries trust resources, the marine ecosystem,
and fishing industries/communities will require long-term,
cross-sectoral collaborations among state, federal, aca-
demic, and NGO scientists as well as the fishing commu-
nity, Indigenous communities, and wind developers. These
questions are large in spatial and temporal scope, and our
ability to address them successfully will depend heavily
upon the combined knowledge base, expertise, and
resources of the research community. Because OWD will
occur in a dynamically changing ecosystem (Pershing
et al. 2021; Friedland et al. 2022), it is critical to collect a
minimum of 3 years of robust baseline data for all field-
based studies in order to accurately characterize both the
spatial and temporal variability of the system prior to con-
struction (Petruny-Parker et al. 2015; ROSA 2021). This
will enable researchers to account for the range of natural
variation in statistical models, to accurately estimate IPF
effect sizes, and to disentangle the effect of IPFs from
background variability.

Direct effects of energy emissions (i.e., noise and
EMFs) on NOAA Fisheries trust resources were identified
as research priorities by our study. Alterations to the
soundscape will occur during preconstruction surveys, con-
struction, operation, and decommissioning (Mooney et al.
2020). These changes can cause sublethal physiological
effects and mortality as well as changes in movement,
behavior, communication, habitat utilization, migration
patterns, and vital population rates, such as growth,
reproduction, and mortality (Roberts and Elliott 2017; de
Jong et al. 2020; Jones et al. 2021; van der Knaap et al.
2022). Electromagnetic fields emitted by the network of
sub-bottom interarray and export cables alter the sur-
rounding EMF and have the potential to affect behavior,
movement, and migratory patterns throughout the entire
operational phase of wind projects (Gill et al. 2012, 2020;
Hutchison et al. 2020). Understanding the impacts of
energy emissions will require complementary field and lab-
oratory studies that focus on species and life stages that
are expected to be impacted (Table 3).

Habitat changes, including the development of artificial
reefs (Degraer et al. 2020), the modification of sediment
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grain size and organic content near structures (Coates
et al. 2014), and changes in vertical water column proper-
ties (e.g., current flow, velocity, and direction), along with
altered stratification of temperature and salinity (Chris-
tiansen et al. 2022; Dorrell et al. 2022), were all identified
as research priorities. These changes can have multiple
biologically relevant knock-on effects, including those
effects on vital rates (Reubens et al. 2013; NOAA 2022),
facilitation of nonnative range expansion (Coolen et al.
2020), and food provision (Mavraki et al. 2021).

Contamination of the water column and benthic sedi-
ments, uptake by benthic organisms, and biomagnification
through the food web were also identified as a research
priority. The anti-corrosives used to maintain the integrity
of structures in salt water contain compounds such as
bisphenol A and metals such as aluminum, zinc, and
indium, which can leach out into the water and interact
with the water column, sediments, and biota (Kirchgeorg
et al. 2018; ICF 2020).

Theme 4: Advance the Science of Mitigation for NOAA
Fisheries Trust Resources and Fishing Industries/
Communities

Science to support environmental mitigation for NOAA
Fisheries trust resources and mitigation for fishing indus-
tries and associated communities, including compensatory
mitigation, is critical for providing certainty to the develop-
ment process and for promoting ocean co-use and the con-
servation of marine ecosystems. The NOAA Fisheries'
proposed definition of mitigation of impacts to NOAA
Fisheries trust resources and fishing industries/communities
is derived from the Council on Environmental Quality's
National Environmental Policy Act (2022) regulations to
avoid, minimize, and compensate (from the draft NOAA
Mitigation Policy for Trust Resources; https://www.
fisheries.noaa.gov/resource/document/noaas-draft-mitigation-
policy-trust-resources). The Bureau of Ocean Energy
Management also recommends practices for mitigating
impacts to commercial and recreational fisheries and asso-
ciated communities per the Council on Environmental
Quality's regulations (Ecology and Environment 2014).
Examples of science to support mitigation include regional
spatial planning to inform siting of wind, trade-off ana-
lyses, and understanding the effectiveness of seasonal con-
struction limits, bubble curtains, and other construction
and operation methods that are designed to avoid or mini-
mize impacts to marine life. Obtaining measurements that
are necessary to quantify impacts to fishing industries/
communities is also a priority. While NOAA Fisheries col-
lects information on socioeconomic factors, such as opera-
tional costs and employment, data are not always as
comprehensive, spatially explicit, or inclusive of all sources
of short-term and long-term economic losses that might be
incurred by regional fisheries affected by OWD. Regional
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comprehensive methodologies for evaluating impacts to
fisheries for compensation evaluations will need to be
developed and adaptive approaches will need to be taken
as we continue to learn more about the impacts of OWD
over time. Advancing science for mitigation will require
collaborations among state, federal, and NGO scientists;
fishing communities; and wind developers.

Theme 5: Advance Data Management Methods

Data management is an essential element of planning a
successful collaborative program at the scale of OWD.
Although not an explicit role associated with the protection
of NOAA Fisheries trust resources, data management
emerged as an important theme because of its implicit role
nested within the needs and outcomes of ongoing and new
research and monitoring projects. Five of the research rec-
ommendation documents specifically addressed the need for
standardization of data collection efforts (Petruny-Parker
et al. 2015, MADMF 2018, 2019; NYSERDA 2021;
RODA 2022), and four explicitly called for publicly avail-
able data (Petruny-Parker et al. 2015, MADMF 2018,
2019; NYSERDA 2021). The reasons for standardization
included (1) to clearly define what is required of developers
(Petruny-Parker et al. 2015, MADMF 2019) so as
to improve efficiency of permitting (MADMEF 2018); (2) to
ensure that the data collections are done appropriately to
address the survey objective (Petruny-Parker et al. 2015);
and (3) to enable the integration of studies over regional
scales (MADMEF 2019; RODA 2020:19). There is also sig-
nificant concern that existing long-standing data collection
efforts will be unable to operate in OWD areas. Therefore,
OWD area-specific surveys may prove crucial to filling data
gaps in time series necessary to inform management needs
(Hare et al. 2022). Clarion calls for publicly available data
are driven by the interest in ensuring maximum value of
relatively rare and expensive oceanographic and fisheries
studies (NYSERDA 2021) as well as providing transpar-
ency to the development and management processes
(MADMF 2018). The prominent recommendation for pub-
licly accessible data is a reflection of the increased expecta-
tion for rapid, easy, and efficient access to data through
centralized network portals (e.g., Northeast Regional Asso-
ciation of Coastal Ocean Observing Systems, National Cen-
ters for Environmental Information, InPort, Environmental
Research Division Data Access Program, Ocean Data Por-
tals, Ocean Reports Tool, and GitHub). Stakeholders also
recognize that data management cannot be taken for
granted, as they have experienced difficulty in accessing
data from existing public data collections, including NOAA
Fisheries sources. Concerns that the existing data infra-
structure is insufficient and needs modernization and that
private interests will keep valuable information proprietary
have precedent and are legitimate. A need that arises from
this focus on data management is to explicitly prioritize
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planning and investment in the data management needs of
novel data collection programs and changes to long-
standing survey programs within NOAA Fisheries.

Conclusions and Path Forward

The United States is at the precipice of commercial-scale
OWD in its offshore marine environment. As scientists and
fisheries managers at NOAA Fisheries, we identified an ini-
tial set of research priorities relative to OWD in order to
support the agency's role as the nation's leading steward of
marine life. The research priorities are broad in scope, and
although we have organized them into categories, these pri-
orities are inherently intertwined. All of these research pri-
orities will support the coexistence of offshore wind and
sustainable fisheries by advancing our understanding of off-
shore wind interactions; enhancing our ability to avoid,
minimize, and mitigate impacts; informing accurate and
precise population assessments; and reducing regulatory
and fisheries management uncertainties. The research prior-
ities presented here should be considered as a starting point
based on the best available science. The body of knowledge
regarding OWD and its interaction with the NOAA Fisher-
ies themes identified in Table 1 is rapidly growing. The
focus of OWD science is expected to evolve and continue
to be refined as studies progress and as our understanding
grows. We wish to highlight that the research priorities pre-
sented here are not representative of NOAA Fisheries poli-
cies; rather, this study represents the views and opinions of
the authors, who are actively engaged in offshore wind sci-
ence at NOAA Fisheries.

Strong leadership, combined with cross-sectoral collab-
oration, is essential for each priority science need. Collab-
orations currently underway include that between NOAA
and BOEM; these agencies recently released an implemen-
tation strategy that describes their collaborative approach
to mitigating the effects of OWD on NOAA Fisheries sci-
entific surveys (Hare et al. 2022). The National Oceanic
Atmospheric Administrion, BOEM, and the Responsible
Offshore Development Alliance (a coalition of fishing
industry members) embarked on a 10-year memorandum
of understanding (MOU) in 2019. This MOU is intended
to foster collaborative work between regional commercial
fishing communities and federal regulators on areas of
mutual interest. The Synthesis of the Science Workshop
and report (NOAA 2023), an effort to compile and inte-
grate existing scientific knowledge about offshore wind
and fisheries interactions, constituted one of the initial
products of the MOU and also served as one of the
resources for the formulation of the science priorities
described here. Some states have initiated preconstruction
research plans in coordination with research institutions
within their jurisdiction (e.g., NJDEP 2021; MA CEC
2022; NYSERDA 2022). The Northeast Sea Grant Con-
sortium recently partnered with NOAA Fisheries and the
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U.S. Department of Energy to provide research grants to
study the coexistence of OWD with Northeast region fish-
ing and coastal communities (DOE 2022). Offshore wind
developers have also engaged the research community by
supporting the Responsible Offshore Science Alliance and
the Regional Wildlife Science Collaborative as well as pro-
viding some research funds (e.g., UMCES 2022). Collabo-
rations are also underway among vessel operators to
improve real-time data collection, create new uses of
owner-collected data, and develop survey methods that
may be compatible within OWD areas. The impact of off-
shore wind on fish, habitat, and fisheries is a multi-
jurisdictional, multi-stakeholder, and multi-dimensional
issue, and addressing these issues meaningfully will depend
upon productive and successful collaborations.

New research endeavors will also foster opportunities
for innovation in the areas of monitoring technology,
experimental design, cooperative research, integration of
fishermen's local and traditional ecological knowledge and
Indigenous traditional ecological knowledge, and data
management. Opportunities exist for applying new and
developing technologies, including passive acoustic moni-
toring (PAM), environmental DNA, both aerial and under-
water autonomous vehicles, remotely operated vehicles,
digital aerial photography, automated sensors, stereo cam-
era technology, artificial intelligence, and machine learning
(e.g., Thomsen et al. 2012; Kresimir et al. 2016; van Parijs
et al. 2022). Opportunities also exist to apply novel experi-
mental designs, such as the before-after-gradient design
(Methratta 2020, 2021); to combine new study designs with
new technologies (e.g., PAM; van Parijs et al. 2022); and
to configure existing platforms or develop new platforms
for hosting large data sets to ensure data accessibility and
transparency.

The work presented here is expected to have numerous
applications. It underscores the urgent need for scientific
advancement to understand and mitigate the impacts of
OWD in the Northeast Shelf ecosystem. The identifica-
tion of research priorities from the scientific and regula-
tory perspective can support the development of a
formalized NOAA Fisheries science plan for the North-
east Shelf ecosystem, which would inform decisions
about how to allocate funding and other resources for
research. This would ensure that the limited available
resources are focused on research of greatest scientific
need, that resources are used efficiently, and that redun-
dancies in resource use in the region are minimized. We
anticipate that a NOAA Fisheries science plan could
connect with a regionally integrated framework for
research and monitoring led by regional entities and
stakeholders, including the Responsible Offshore Science
Alliance and the Regional Wildlife Science Collabora-
tive. Stakeholders each have unique concerns; the
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exercise of identifying research priorities is one that each
stakeholder group would benefit from undertaking in
order to inform discussions about building a regionally
integrated framework (MADMF 2018). We also expect
that the work presented here can inform NOAA Fisher-
ies' discussions with external partners, the wider research
community, fishing industry members, Indigenous com-
munities, and developers about how to target funding
use for research. This information may also enhance
international collaborations. For example, several ICES
working groups that include many U.S. members are
currently working on research products to aid in under-
standing OWD impacts (e.g., Dannheim et al. 2020).
Although there is no near-term OWD planned in Cana-
dian waters, projects totaling 3.6 GW off the coasts of
Nova Scotia, Prince Edward Island, and New Brunswick
have been proposed (CER 2022), which could potentially
affect boundary-spanning species and ecosystems.

The Northeast Shelf ecosystem was the focus of our anal-
ysis because this is where OWD is slated to occur first in the
United States. Other regions have specific suites of species,
environmental, societal, and fisheries concerns, as well as
other ocean co-uses, including aquaculture, oil, and gas.
Although many of the research priorities identified here will
be relevant for other regions of the United States, additional
refinement, expansion, or adaptation of these priorities may
be needed in order to address specific regional concerns in
other parts of the country. For example, on the West Coast
and elsewhere in the United States where OWD is planned
for waters beyond the 50-m depth contour, floating wind
platforms will likely be installed. The methodologies used to
install and operate floating OWDs differ from those used
for fixed foundations; thus, additional research priorities
may be needed to address their impacts.

If current plans for offshore wind are realized, there will
be thousands of wind turbines in the waters of the North-
east Shelf ecosystem by the year 2050. There is an imminent
need to develop foundational research to build our knowl-
edge base. Collaborative cross-sectoral research focused on
high-priority needs and underpinned by the best available
science can begin to fill knowledge gaps and ensure the co-
existence of sustainable fisheries and offshore wind.

ACKNOWLEDGMENTS

We are grateful to our colleagues throughout NOAA
Fisheries for many insightful discussions about offshore
wind science. We thank Richard McBride for his thought-
ful comments on an earlier draft of the manuscript. The
views expressed herein are those of the authors and do not
necessarily reflect the views of the U.S. Department of
Commerce or its subagencies. There is no conflict of inter-
est declared in this article.

858017 SUOWWOD 8AIes.D 3(qedljdde ays Aq peusenob ae sajolie VO ‘88N JO S8INJ 10} A%Iq1T8UIIUO AB|I UO (SUOTIPUOD-pUB-SWB)ALID" A3 1M ARIq U1 |UO//SANY) SUORIPUOD Pue SWR 1 8L} 88S [£202/90/62] U0 AkeiqiTauliuo AB|IM ‘@Imisul LOWRN 8] eNed Aq Z20T 2JoW/Z00T 0T/I0p/W00 A8 1M Ake.q 1 puluo'sgnds je//:sdny wouy papeojumod ‘€ ‘€202 ‘0ZTSZr6T



24 of 27

REFERENCES

Bergstrom, L., L. Kautsky, T. Malm, R. Rosenberg, M. Wahlberg, N.
Astrand Capetillo, and D. Wilhelmsson. 2014. Effects of offshore
wind farms on marine wildlife—a generalized impact assessment.
Environmental Research Letters 9:34012.

BOEM (Bureau of Ocean Energy Management). 2020. National Environ-
mental Policy Act documentation for impact-producing factors in the
Offshore Wind Cumulative Impacts Scenario on the South Atlantic
Continental Shelf. BOEM, Office of Renewable Energy Programs,
OCS Study BOEM 2021-043, Sterling, Virginia.

BOEM (Bureau of Ocean Energy Management). 2021a. Vineyard Wind
1 Offshore Wind Energy Project final environmental impact state-
ment, volume 1. BOEM, Office of Renewable Energy Programs, Ster-
ling, Virginia.

BOEM (Bureau of Ocean Energy Management). 2021b. Floating off-
shore wind turbine development assessment: final report and technical
summary. BOEM, OCS Study BOEM 2021-030, Washington, D.C.

ten Brink, T. S., and T. Dalton. 2018. Perceptions of commercial and
recreational fishers on the potential ecological impacts of the Block
Island Wind Farm (US). Frontiers in Marine Science 5:439.

CER (Canada Energy Regulator). 2022. Canada's adoption of renewable
power sources—energy market analysis. CER, Calgary, Alberta. Avail-
able:  https://www.cer-rec.gc.calen/data-analysis/energy-commodities/
electricity/report/2017-canadian-adoption-renewable-power/canadas-
adoption-renewable-power-sources-energy-market-analysis-emerging-
technologies.html. (June 2022).

Christiansen, N., U. Daewel, D. Bjath, and C. Schrum. 2022. Emergence
of large-scale hydrodynamic structures due to atmospheric offshore
wind farm wakes. Frontiers in Marine Science 9:818501.

Coates, D. A., Y. Deschutter, M. Vincx, and J. Vanaverbeke. 2014.
Enrichment and shifts in macrobenthic assemblages in an offshore
wind farm area in the Belgian part of the North Sea. Marine Envi-
ronmental Research 95:1-12.

Coolen, J. W. P., A. R. Boon, R. Crooijmans, H. van Pelt, F. Kleissen,
D. Gerla, J. Beerman, S. N. R. Birchenough, L. E. Becking, and P.
C. Luttikhuizen. 2020. Marine stepping-stones: connectivity of Myti-
lus edulis populations between offshore energy installations. Molecular
Ecology 29:686-703.

Copping, A. E., and L. G. Hemery, editors. 2020. OES-Environmental
2020 state of the science report: environmental effects of marine
renewable energy development around the world. Report for Ocean
Energy Systems (OES), Lisbon, Portugal.

Dannheim, J., L. Bergstrom, S. N. R. Birchenough, R. Brzana, A. R.
Boon, J. W. P. Coolen, J.-C. Dauvin, I. De Mesel, J. Derweduwen,
A. B. Gill, Z. L. Hutchison, A. C. Jackson, U. Janus, G. Martin, A.
Raoux, J. Reubens, L. Rostin, J. Vanaverbeke, T. A. Wilding, D.
Wilhelmsson, and S. Degraer. 2020. Benthic effects of offshore renew-
ables: identification of knowledge gaps and urgently needed research.
ICES (International Council for the Exploration of the Sea) Journal
of Marine Science 77:1092-1108.

De Backer, A., H. Polet, K. Sys, B. Vanelslander, and K. Hostens. 2019.
Fishing activities in and around Belgian offshore wind farms: trends
in effort and landings over the period 2006-2017. Pages 31-46 in S.
Degraer, R. Brabant, B. Rumes, and L. Vigin, editors. Environmental
impacts of offshore wind farms in the Belgian part of the North Sea:
marking a decade of monitoring, research and innovation. Royal Bel-
gian Institute of Natural Sciences, Brussels.

Degraer, S., R. Brabant, B. Rumes, and L. Vigin, editors. 2019. Environ-
mental impacts of offshore wind farms in the Belgian part of the
North Sea: marking a decade of monitoring, research and innovation.
Royal Belgian Institute of Natural Sciences, Brussels.

Degraer, S., D. A. Carey, J. W. P. Coolen, Z. L. Hutchison, F. Ker-
ckhof, B. Rumes, and J. Vanaverbeke. 2020. Offshore wind farm

METHRATTA ET AL.

artificial reefs affect ecosystem structure and functioning: a synthesis.
Oceanography 33:48-57.

Degraer, S., Z. L. Hutchison, C. LoBue, K. A. Williams, J. Gulka, and
E. Jenkins. 2021. Benthos Workgroup report: State of the Science
Workshop on Wildlife and Offshore Wind Energy 2020: cumulative
impacts. Report to the New York State Energy Research and Devel-
opment Authority, Albany.

DOE (U.S. Department of Energy). 2022. Sea Grant, DOE, NOAA
Fisheries fund six projects for the coexistence of offshore energy with
Northeast fishing and coastal communities. DOE, Office of Energy
Efficiency and Renewable Energy, Washington, D.C. Available:
https://www.energy.gov/eere/articles/sea-grant-doe-noaa-fisheries-fund-
six-projects-coexistence-offshore-energy-northeast. (June 2022).

Dorrell, R. M., C. J. Lloyd, B. J. Lincoln, T. P. Rippeth, J. R. Taylor,
C. P. Caulfield, J. Sharples, J. A. Polton, B. D. Scannell, D. M.
Greaves, R. A. Hall, and J. H. Simpson. 2022. Anthropogenic mixing
in seasonally stratified shelf seas by offshore wind farm infrastructure.
Frontiers in Marine Science 9:830927.

Ecology and Environment. 2014. Development of mitigation measures to
address potential use conflicts between commercial wind energy les-
sees/grantees and commercial fishermen on the Atlantic Outer Conti-
nental Shelf: final report on best management practices and
mitigation measures. Bureau of Ocean Energy Management, Office of
Renewable Energy Programs, OCS Study BOEM 2014-654, Herndon,
Virginia.

Equinor. 2022. Equinor and Marine Scotland collaborate to trial safe
fishing within floating wind farms. Equinor, Stavanger, Norway.
Available:  https://www.equinor.com/news/uk/collaboration-trial-safe-
fishing-within-floating-wind-farms. (November 2022).

FDA (U.S. Food and Drug Administration). 2019. National Shellfish
Sanitation Program (NSSP) guide for the control of molluscan shell-
fish, 2019 revision. FDA, Silver Spring, Maryland.

Friedland, K. D., T. Miles, A. G. Goode, E. N. Powell, and D. C.
Brady. 2022. The Middle Atlantic Bight cold pool is warming and
shrinking: indices from in situ autumn seafloor temperatures. Fisheries
Oceanography 31:217-223.

Gill, A. B., M. Bartlett, and F. Thomsen. 2012. Potential interactions
between diadromous fishes of UK conservation importance and the
electromagnetic fields and subsea noise from marine renewable energy
developments. Journal of Fish Biology 81:664-695.

Gill, A. B, S. Degraer, A. Lipsky, N. Mavraki, E. Methratta, and R.
Brabant. 2020. Setting the context for offshore wind development
effects on fish and fisheries. Oceanography 33:118-127.

Goodwin, K., R. Certner, M. Strom, F. Arzayus, M. Bohan, S. Busch,
G. Canonico, S. Cross, J. Davis, K. Egan, T. Grieg, E. Kearns, J.
Koss, K. Larsen, D. Layton, K. Nichols, J. O'Neil, D. Parks, L.
Poussard, and C. Werner. 2020. NOAA ‘Omics white paper: inform-
ing the NOAA ‘Omics strategy and strategic plan. National Oceanic
and Atmospheric Administration, Oceanic and Atmospheric
Research, Silver Spring, Maryland.

Gray, M., P.-L. Stromberg, and D. Rodmell. 2016. Changes to fishing
practices around the UK as a result of the development of offshore
wind farms — phase 1 (revised). The Crown Estate, London.

Gulka, J. E., E. J. Jenkins, and K. A. Williams. 2022. Workshop pro-
ceedings for the State of the Science Workshop on Wildlife and Off-
shore Wind Energy 2020: cumulative impacts. Biodiversity Research
Institute, Portland, Maine.

Gusatu, L. F., S. Menegon, D. Depellegrin, C. Zuidema, A. Faaij, and
C. Yamu. 2021. Spatial and temporal analysis of cumulative environ-
mental effects of offshore wind farms in the North Sea basin. Scien-
tific Reports 11:10125.

GWEC (Global Wind Energy Council). 2021. Global wind energy report
2021. GWEC, Brussels.

858017 SUOWWOD 8AIes.D 3(qedljdde ays Aq peusenob ae sajolie VO ‘88N JO S8INJ 10} A%Iq1T8UIIUO AB|I UO (SUOTIPUOD-pUB-SWB)ALID" A3 1M ARIq U1 |UO//SANY) SUORIPUOD Pue SWR 1 8L} 88S [£202/90/62] U0 AkeiqiTauliuo AB|IM ‘@Imisul LOWRN 8] eNed Aq Z20T 2JoW/Z00T 0T/I0p/W00 A8 1M Ake.q 1 puluo'sgnds je//:sdny wouy papeojumod ‘€ ‘€202 ‘0ZTSZr6T


https://www.cer-rec.gc.ca/en/data-analysis/energy-commodities/electricity/report/2017-canadian-adoption-renewable-power/canadas-<?A3B2 twbch=
https://www.cer-rec.gc.ca/en/data-analysis/energy-commodities/electricity/report/2017-canadian-adoption-renewable-power/canadas-<?A3B2 twbch=
https://www.cer-rec.gc.ca/en/data-analysis/energy-commodities/electricity/report/2017-canadian-adoption-renewable-power/canadas-<?A3B2 twbch=
https://www.cer-rec.gc.ca/en/data-analysis/energy-commodities/electricity/report/2017-canadian-adoption-renewable-power/canadas-<?A3B2 twbch=
https://www.energy.gov/eere/articles/sea-grant-doe-noaa-fisheries-fund-six-projects-coexistence-offshore-energy-northeast
https://www.energy.gov/eere/articles/sea-grant-doe-noaa-fisheries-fund-six-projects-coexistence-offshore-energy-northeast
https://www.equinor.com/news/uk/collaboration-trial-safe-fishing-within-floating-wind-farms
https://www.equinor.com/news/uk/collaboration-trial-safe-fishing-within-floating-wind-farms

SCIENCE PRIORITIES FOR OFFSHORE WIND

GWEC (Global Wind Energy Council). 2022. Global wind energy report
2022. GWEC, Brussels.

Haggett, C., T. ten Brink, A. Russell, M. Roach, J. Firestone, T. Dalton,
and B. J. McCay. 2020. Offshore wind projects and fisheries: conflict
and engagement in the United Kingdom and the United States.
Oceanography 33:38-47.

Haraldsson, M., A. Raoux, F. Riera, J. Hay, J. M. Dambacher, and N.
Niquil. 2020. How to model social-ecological systems? A case study
on the effects of a future offshore wind farm on the local society and
ecosystem, and whether social compensation matters. Marine Policy
119:104031.

Hare, J., B. Blythe, K. Ford, B. Hooker, B. Jensen, A. Lipsky, C. Nach-
man, L. Pfeiffer, M. Rasser, and K. Renshaw. 2022. NOAA Fisheries
and BOEM federal survey mitigation strategy—northeast U.S. region.
NOAA Technical Memorandum NMFS-NE-292.

Hooper, T., M. Ashley, and M. Austen. 2015. Perceptions of fishers and
developers on the co-location of offshore wind farms and decapod
fisheries in the UK. Marine Policy 61:16-22.

Hutchison, Z. L., D. H. Secor, and A. B. Gill. 2020. The interaction
between resource species and electromagnetic fields associated with
electricity production by offshore wind farms. Oceanography 33:96—
107.

ICF. 2020. Comparison of environmental effects from different offshore
wind turbine foundations. Bureau of Ocean Energy Management,
OCS Study BOEM 2020-041, Sterling, Virginia.

ICES (International Council for the Exploration of the Sea). 2021a.
Working Group on Marine Benthal and Renewable Energy Develop-
ments (WGMBRED). ICES Scientific Reports 3(63).

ICES (International Council for the Exploration of the Sea). 2021b.
Working Group on Offshore Wind Development and Fisheries
(WGOWDF). ICES, Copenhagen. Available: https://www.ices.dk/
community/groups/PagessfWGOWDF .aspx. (April 2022).

ICES (International Council for the Exploration of the Sea). 202lc.
Workshop on Socio-economic Implications of Offshore Wind on
Fishing Communities (WKSEIOWFC). ICES Scientific Reports 3(44).

Jones, I. T., J. F. Peyla, H. Clark, Z. Song, J. A. Stanley, and T. A.
Mooney. 2021. Changes in feeding behavior of longfin squid (Dory-
teuthis pealeii) during laboratory exposure to pile driving noise.
Marine Environmental Research 165:105250.

de Jong, K., T. N. Forland, M. C. P. Amorim, G. Rieucau, H. Slabbe-
koorn, and L. D. Sivle. 2020. Predicting the effects of anthropogenic
noise on fish reproduction. Reviews in Fish Biology and Fisheries
30:245-268.

Kearns & West. 2018. Summary report: Bureau of Ocean Energy Man-
agement's offshore wind and maritime industry knowledge exchange,
March 5-6, 2018, Baltimore, MD. Kearns & West, Washington, D.C.

Kershaw, F., L. Adrean, A. Jones, A. Weinstein, C. Folson-O'Keefe, E.
Johnson, B. Newman, J. Liner, C. Clarkson, R. Swanson, E. Fuller,
N. Krakoff, A. Johnson, K. Kelly, K. Hislop, I. Frignoca, C.
Sarthou, E. Donaghue, S. Haggerty, H. Ricci, J. Walsh, E. Humph-
ries, S. Felton, G. George, C. Haney, D. Lyons, J. Bibza, A. Hewett,
J. Murphy, D. Muth, A. Renfro, S. Aylesworth, A. Chase, E. Davis,
A. Trice, M. Stocker, M. Conley, T. Jedele, C. Lobue, J. Runne-
baum, C. Weiler, and P. Feinberg. 2022. Monitoring of marine life
during offshore wind energy development—guidelines and recommen-
dations. Natural Resources Defense Council, New York.

Kirchgeorg, T., I. Weinberg, M. Hornig, R. Baier, M. J. Schmid, and B.
Brockmeyer. 2018. Emissions from corrosion protection systems of
oftshore wind farms: evaluation of the potential impact on the marine
environment. Marine Pollution Bulletin 136:257-268.

van der Knaap, 1., H. Slabbekoorn, T. Moens, and D. Van den Eynde.
2022. Effects of pile driving sound on local movement of free-ranging
Atlantic Cod in the Belgian North Sea. Environmental Pollution
300:118913.

25 of 27

Kraus, S. D., R. D. Kenney, and L. Thomas. 2019. A framework for
studying the effects of offshore wind development on marine mam-
mals and turtles. Report prepared for the Massachusetts Clean
Energy Center, Boston.

Kresimir, W., L. Nathan, C. Meng-Che, H. Jeng-Neng, and T. Rick.
2016. Automated measurements of fish within a trawl using stereo
images from a camera-trawl device (CamTrawl). Methods in Ocean-
ography 17:138-152.

Levin, S. A., and J. Lubchenco. 2008. Resilience, robustness, and marine
ecosystem-based management. Bioscience 58:27-32.

MA CEC (Massachusetts Clean Energy Center). 2022. Pilot regional fish-
eries studies. MA CEC, Boston. Available: https://www.masscec.com/
resources/pilot-regional-fisheries-studies. (October 2022).

Mackinson, S., H. Curtis, R. Brown, K. McTaggart, N. Taylor, S.
Neville, and S. Rogers. 2006. A report on the perceptions of the fish-
ing industry into the potential socio-economic impacts of offshore
wind farms on their work patterns and income. Centre for Environ-
ment, Fisheries and Aquaculture Science, Technical Report 133,
Lowestoft, Suffolk, UK.

MADMF (Massachusetts Division of Marine Fisheries). 2018. Manage-
ment objectives and research priorities for fisheries in the Massachu-
setts and Rhode Island-Massachusetts Offshore Wind Energy Area.
MADMEF, Boston.

MADMF (Massachusetts Division of Marine Fisheries). 2019. MA
DMF recommended fisheries studies for offshore wind development—
draft for public review February 2019. MADMF, Boston.

MAFMC (Mid-Atlantic Fishery Management Council). 2021. Compre-
hensive five year (2020-2024) research priorities, updated December
2021. MAFMC, Dover, Delaware.

Mavraki, N., S. Degraer, and J. Vanaverbeke. 2021. Offshore wind farms
and the attraction—production hypothesis: insights from a combina-
tion of stomach content and stable isotope analyses. Hydrobiologia
848:1639-1657.

Maxwell, S. M., F. Kershaw, C. C. Locke, M. G. Conners, C. Dawson,
S. Aylesworth, R. Loomis, and A. F. Johnson. 2022. Potential
impacts of floating wind turbine technology for marine species and
habitats. Journal of Environmental Management 307:114577.

Methratta, E. T. 2020. Monitoring fisheries resources at offshore wind
farms: BACI vs. BAG designs. ICES (International Council for the
Exploration of the Sea) Journal of Marine Science 77:890-900.

Methratta, E. T. 2021. Distance-based sampling methods for assessing
the ecological effects of offshore wind farms: synthesis and applica-
tion to fisheries resource studies. Frontiers in Marine Science
8:674594.

Methratta, E. T., A. Hawkins, B. R. Hooker, A. Lipsky, and J. A. Hare.
2020. Offshore wind development in the Northeast US Shelf Large
Marine Ecosystem: ecological, human, and fishery management
dimensions. Oceanography 33:16-27.

Mooney, T. A., M. H. Andersson, and J. Stanley. 2020. Acoustic
impacts of offshore wind energy on fishery resources: an evolving
source and varied effects across a wind farm's lifetime. Oceanogra-
phy 33:82-95.

Murawski, S. A., S. E. Wigley, M. J. Fogarty, P. J. Rago, and D. G.
Mountain. 2005. Effort distribution and catch patterns adjacent to
temperate MPAs. ICES (International Council for the Exploration of
the Sea) Journal of Marine Science 62:1150-1167.

NASEM (National Academies of Sciences, Engineering, and Medicine).
2022. Wind turbine generator impacts to marine vessel radar.
National Academies Press, Washington, D.C.

National Environmental Policy Act. 2022. U.S. Code, volume 40, section
1508.2.

NEFMC (New England Fishery Management Council). 2021. NEFMC
research priorities and data needs, 2021-2025. NEFMC, Newbury-
port, Massachusetts.

858017 SUOWWOD 8AIes.D 3(qedljdde ays Aq peusenob ae sajolie VO ‘88N JO S8INJ 10} A%Iq1T8UIIUO AB|I UO (SUOTIPUOD-pUB-SWB)ALID" A3 1M ARIq U1 |UO//SANY) SUORIPUOD Pue SWR 1 8L} 88S [£202/90/62] U0 AkeiqiTauliuo AB|IM ‘@Imisul LOWRN 8] eNed Aq Z20T 2JoW/Z00T 0T/I0p/W00 A8 1M Ake.q 1 puluo'sgnds je//:sdny wouy papeojumod ‘€ ‘€202 ‘0ZTSZr6T


https://www.ices.dk/community/groups/Pages/WGOWDF.aspx
https://www.ices.dk/community/groups/Pages/WGOWDF.aspx
https://www.masscec.com/resources/pilot-regional-fisheries-studies
https://www.masscec.com/resources/pilot-regional-fisheries-studies

26 of 27

NIDEP (New Jersey Department of Environmental Protection). 2021.
Offshore wind: Research and Monitoring Initiative (RMI). NJDEP,
Trenton. Available: nj.gov/dep/offshorewind/rmi.html. (June 2022).

NOAA (National Oceanic and Atmospheric Administration). 2022. Sci-
entists collecting data on commercial fish species in wind energy lease
areas. NOAA Fisheries, Silver Spring, Maryland. Available: https:/
www.fisheries.noaa.gov/feature-story/scientists-collecting-data-commercial-
fish-species-wind-energy-lease-areas-0. (May 2022).

NOAA (National Oceanic and Atmospheric Administration). 2023. Syn-
thesis of the science. NOAA, Silver Spring, Maryland.

NOAA (National Oceanic and Atmospheric Administration) GARFO
(Greater Atlantic Regional Fisheries Office). 2021a. Habitat mapping
recommendations. NOAA, GARFO, Gloucester, Massachusetts.
Available: https://staticl.squarespace.com/static/511cdc7fe4b00307a26
28ac6/t/60637e9b0c5a2¢0455ab49d5/1617133212147/March292021 _
NMFS_Habitat_Mapping_Recommendations.pdf. (June 2022).

NOAA (National Oceanic and Atmospheric Administration) GARFO
(Greater Atlantic Regional Fisheries Office). 2021b. Information
needs to assess essential fish habitat impacts from offshore wind
energy projects along the U.S. Atlantic. NOAA, GARFO, Glouces-
ter, Massachusetts.

NREL (National Renewable Energy Laboratory). 2022a. IEA wind white
paper cumulative effects analysis for wind energy development: cur-
rent practices, challenges, and opportunities. NREL, Golden,
Colorado.

NREL (National Renewable Energy Laboratory). 2022b. Synthesis of
Environmental Effects Research (SEER) Brief: benthic disturbance
from offshore wind foundations, anchors, and cables. NREL, Golden,
Colorado.

NREL (National Renewable Energy Laboratory). 2022c. Synthesis of
Environmental Effects Research (SEER) Brief: introduction of new
offshore wind farm structures: effects on fish ecology. NREL, Golden,
Colorado.

NYSERDA (New York State Environmental Research and Development
Authority). 2021. State of the Science workshop on wildlife and off-
shore wind energy 2020: cumulative impacts. NYSERDA, Albany.
Available: https://www.nyetwg.com/2020-workgroups. (April 2022).

NYSERDA (New York State Environmental Research and Development
Authority). 2022. Offshore wind: research and development.
NYSERDA, Albany. Available: https://www.nyserda.ny.gov/All-
Programs/Offshore-Wind/Focus-Areas/Research-and-Development.
(October 2022).

Pershing, A. J., M. A. Alexander, D. C. Brady, D. Brickman, E. N.
Curchitser, A. W. Diamond, L. McClenachan, K. E. Mills, O. C.
Nichols, D. E. Pendleton, N. R. Record, J. D. Scott, M. D. Stau-
dinger, and Y. Wang. 2021. Climate impacts on the Gulf of Maine
ecosystem: a review of observed and expected changes in 2050 from
rising temperatures. Elementa: Science of the Anthropocene 9:00076.

Petruny-Parker, M., A. Malek, M. Long, D. Spencer, F. Mattera, E.
Hasbrouck, J. Scotti, K. Gerbino, and J. Wilson. 2015. Identifying
information needs and approaches for assessing potential impacts of
offshore wind farm development on fisheries resources in the North-
east region. Bureau of Ocean Energy Management, Office of Renew-
able Energy Programs, OCS Study BOEM 2015-037, Herndon,
Virginia.

Pollnac, R. B., T. Seara, L. L. Colburn, and M. Jepson. 2015. Taxonomy
of USA East Coast fishing communities in terms of social vulnerabil-
ity and resilience. Environmental Impact Assessment Review 55:136—
143.

Popper, A. N., L. Hice-Dunton, K. A. Williams, and E. Jenkins. 2021.
Workgroup report on sound and vibration effects on fishes and
aquatic invertebrates: State of the Science Workshop on Wildlife and
Offshore Wind Energy 2020: cumulative impacts. Report to the New
York State Energy Research and Development Authority, Albany.

METHRATTA ET AL.

Qu, Y., T. Hooper, J. K. Swales, E. Papathanasopoulou, M. C. Austen,
and X. Yan. 2021. Energy—food nexus in the marine environment: a
macroeconomic analysis on offshore wind energy and seafood produc-
tion in Scotland. Energy Policy 149:112027.

Regular, P. M., G. J. Robertson, K. P. Lewis, J. Babyn, B. Healey, and
F. Mowbray. 2020. SimSurvey: an R package for comparing the
design and analysis of surveys by simulating spatially-correlated
populations. PLoS (Public Library of Science) ONE 15(5):¢0232822.

Reubens, J. T., U. Braeckman, J. Vanaverbeke, C. Van Colen, S.
Degraer, and M. Vincx. 2013. Aggregation at windmill artificial reefs:
CPUE of Atlantic Cod (Gadus morhua) and Pouting (Trisopterus lus-
cus) at different habitats in the Belgian part of the North Sea. Fisher-
ies Research 139:28-34.

Riley, K. L., L. C. Wickliffe, J. A. Jossart, J. K. MacKay, A. L. Ran-
dall, G. E. Bath, M. B. Balling, B. M. Jensen, and J. A. Morris Jr.
2021. An aquaculture opportunity area atlas for the U.S. Gulf of
Mexico. NOAA Technical Memorandum NOS-NCCOS-299.

Roberts, L., and M. Elliott. 2017. Good or bad vibrations? Impacts of
anthropogenic vibration on the marine epibenthos. Science of the
Total Environment 595:255-268.

RODA (Responsible Offshore Development Alliance). 2020. Synthesis of
the Science Workshop: plenary notes day 1. October 15, 2020.
RODA, Washington, D.C. Available: https://rodafisheries.org/wp-
content/uploads/2021/03/SOS-Meeting-Summary_Day-1.pdf. (June
2022).

RODA (Responsible Offshore Development Alliance). 2022. Research
priorities 2022. RODA, Washington, D.C.

ROSA (Responsible Offshore Science Alliance). 2021. ROSA offshore
wind project monitoring framework and guidelines. ROSA, Washing-
ton, D.C.

Samhouri, S. F., A. J. Haupt, P. S. Levin, J. S. Link, and R. Shuford.
2014. Lessons learned from developing integrated ecosystem assess-
ments to inform marine ecosystem-based management in the USA.
ICES (International Council for the Exploration of the Sea) Journal
of Marine Science 71:1205-1215.

Seara, T., P. M. Clay, and L. L. Colburn. 2016. Perceived adaptive
capacity and natural disasters: a fisheries case study. Global Environ-
mental Change 38:49-57.

Smith, S. L., A. S. Golden, V. Ramenzoni, D. R. Zemeckis, and O. P.
Jensen. 2020. Adaptation and resilience of commercial fishers in the
northeast United States during the early stages of the COVID-19 pan-
demic. PLoS (Public Library of Science) ONE 15(12):¢0243886.

Smythe, T., D. Bidwell, and G. Tyler. 2021. Optimistic with reservations:
the impacts of the United States' first offshore wind farm on the recre-
ational fishing experience. Marine Policy 127:104440.

Spooner, E., M. Karnauskas, C. J. Harvey, C. Kelble, J. Rosellon-
Druker, S. Kasperski, S. M. Lucey, K. S. Andrews, S. R. Gittings, J.
H. Moss, J. M. Gove, J. F. Samhouri, R. J. Allee, S. J. Bograd, M.
E. Monaco, P. M. Clay, L. A. Rogers, A. Marshak, S. Wongbusara-
kum, K. Broughton, and P. D. Lynch. 2021. Using integrated ecosys-
tem assessments to build resilient ecosystems, communities, and
economies. Coastal Management 49:26-45.

Thomsen, P. F., J. Kielgast, L. L. Iversen, P. R. Moller, M. Rasmussen,
and E. Willerslev. 2012. Detection of a diverse marine fish fauna
using environmental DNA from seawater samples. PLoS (Public
Library of Science) ONE 7(8):e41732.

UMCES (University of Maryland Center for Environmental Science).
2022. U.S. Wind & UMCES launch offshore wind research partner-
ship. UMCES, Cambridge. Available: https://www.umces.edu/news/
us-wind-umces-launch-offshore-wind-research-partnership. (June 2022).

Van Parijs, S. M., K. Baker, J. Carduner, J. Daly, G. E. Davis, C. Esch,
S. Guan, A. Scholik-Schlomer, N. B. Sisson, and E. Staaterman.
2022. NOAA and BOEM minimum recommendations for use of pas-
sive acoustic listening systems in offshore wind energy development

858017 SUOWWOD 8AIes.D 3(qedljdde ays Aq peusenob ae sajolie VO ‘88N JO S8INJ 10} A%Iq1T8UIIUO AB|I UO (SUOTIPUOD-pUB-SWB)ALID" A3 1M ARIq U1 |UO//SANY) SUORIPUOD Pue SWR 1 8L} 88S [£202/90/62] U0 AkeiqiTauliuo AB|IM ‘@Imisul LOWRN 8] eNed Aq Z20T 2JoW/Z00T 0T/I0p/W00 A8 1M Ake.q 1 puluo'sgnds je//:sdny wouy papeojumod ‘€ ‘€202 ‘0ZTSZr6T


http://nj.gov/dep/offshorewind/rmi.html
https://www.fisheries.noaa.gov/feature-story/scientists-collecting-data-commercial-fish-species-wind-energy-lease-areas-0
https://www.fisheries.noaa.gov/feature-story/scientists-collecting-data-commercial-fish-species-wind-energy-lease-areas-0
https://www.fisheries.noaa.gov/feature-story/scientists-collecting-data-commercial-fish-species-wind-energy-lease-areas-0
https://static1.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/60<?A3B2 tlsb=.012w?>637e9b0c5a2e0455ab49d5/1617133212147/March292021_NMFS_Habitat_Mapping_Recommendations.pdf
https://static1.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/60<?A3B2 tlsb=.012w?>637e9b0c5a2e0455ab49d5/1617133212147/March292021_NMFS_Habitat_Mapping_Recommendations.pdf
https://static1.squarespace.com/static/511cdc7fe4b00307a2628ac6/t/60<?A3B2 tlsb=.012w?>637e9b0c5a2e0455ab49d5/1617133212147/March292021_NMFS_Habitat_Mapping_Recommendations.pdf
https://www.nyetwg.com/2020-workgroups
https://www.nyserda.ny.gov/All-Programs/Offshore-Wind/Focus-Areas/Research-and-Development
https://www.nyserda.ny.gov/All-Programs/Offshore-Wind/Focus-Areas/Research-and-Development
https://rodafisheries.org/wp-content/uploads/2021/03/SOS-Meeting-Summary_Day-1.pdf
https://rodafisheries.org/wp-content/uploads/2021/03/SOS-Meeting-Summary_Day-1.pdf
https://www.umces.edu/news/us-wind-umces-launch-offshore-wind-research-partnership
https://www.umces.edu/news/us-wind-umces-launch-offshore-wind-research-partnership

SCIENCE PRIORITIES FOR OFFSHORE WIND

monitoring and mitigation programs. Frontiers in Marine Science
8:760840.

Wilding, T. A., A. B. Gill, A. Boon, E. Sheehan, J. C. Dauvin, J. P.
Pezy, F. O'Beirn, U. Janas, L. Rostin, and I. De Mesel. 2017. Turn-
ing off the DRIP (‘data-rich, information-poor’)-rationalising moni-
toring with a focus on marine renewable energy developments and
the benthos. Renewable and Sustainable Energy Reviews 74:848-859.

Willsteed, E., A. B. Gill, S. N. R. Birchenough, and S. Jude. 2017. Asses-
sing the cumulative environmental effects of marine renewable energy
developments: establishing common ground. Science of the Total
Environment 577:19-32.

27 of 27

Young, T., E. Fuller, M. M. Provost, K. Coleman, K. St. Martin, B. J.
McCay, and M. Pinsky. 2019. Adaptation strategies of coastal fishing
communities as species shift poleward. ICES (International Council
for the Exploration of the Sea) Journal of Marine Science 76:93-103.

SUPPORTING INFORMATION

Additional supplemental material may be found online
in the Supporting Information section at the end of the
article.

858017 SUOWWOD 8AIes.D 3(qedljdde ays Aq peusenob ae sajolie VO ‘88N JO S8INJ 10} A%Iq1T8UIIUO AB|I UO (SUOTIPUOD-pUB-SWB)ALID" A3 1M ARIq U1 |UO//SANY) SUORIPUOD Pue SWR 1 8L} 88S [£202/90/62] U0 AkeiqiTauliuo AB|IM ‘@Imisul LOWRN 8] eNed Aq Z20T 2JoW/Z00T 0T/I0p/W00 A8 1M Ake.q 1 puluo'sgnds je//:sdny wouy papeojumod ‘€ ‘€202 ‘0ZTSZr6T



	 Abstract
	mcf210242-fig-0001

	 METHODS
	 RESULTS AND DISCUSSION
	 Theme 1: Support Regulatory Processes
	 Theme 2: Mitigate Impacts to NOAA Fisheries Scientific Surveys
	 Theme 3: Advance Science to Understand Interactions with NOAA Fisheries Trust Resources, the Marine Ecosystem, and Fishing Industries/Communities
	 Theme 4: Advance the Science of Mitigation for NOAA Fisheries Trust Resources and Fishing Industries/Communities
	 Theme 5: Advance Data Management Methods
	 Conclusions and Path Forward

	 ACKNOWLEDGMENTS
	 REFERENCES
	mcf210242-bib-0001
	mcf210242-bib-0002
	mcf210242-bib-0003
	mcf210242-bib-0004
	mcf210242-bib-0088
	mcf210242-bib-0005
	mcf210242-bib-0006
	mcf210242-bib-0007
	mcf210242-bib-0008
	mcf210242-bib-0009
	mcf210242-bib-0010
	mcf210242-bib-0011
	mcf210242-bib-0013
	mcf210242-bib-0014
	mcf210242-bib-0015
	mcf210242-bib-0016
	mcf210242-bib-0017
	mcf210242-bib-0018
	mcf210242-bib-0019
	mcf210242-bib-0020
	mcf210242-bib-0021
	mcf210242-bib-0022
	mcf210242-bib-0023
	mcf210242-bib-0024
	mcf210242-bib-0025
	mcf210242-bib-0026
	mcf210242-bib-0027
	mcf210242-bib-0028
	mcf210242-bib-0029
	mcf210242-bib-0030
	mcf210242-bib-0031
	mcf210242-bib-0032
	mcf210242-bib-0033
	mcf210242-bib-0034
	mcf210242-bib-0035
	mcf210242-bib-0036
	mcf210242-bib-0037
	mcf210242-bib-0038
	mcf210242-bib-0039
	mcf210242-bib-0012
	mcf210242-bib-0040
	mcf210242-bib-0041
	mcf210242-bib-0042
	mcf210242-bib-0091
	mcf210242-bib-0043
	mcf210242-bib-0044
	mcf210242-bib-0045
	mcf210242-bib-0046
	mcf210242-bib-0047
	mcf210242-bib-0048
	mcf210242-bib-0049
	mcf210242-bib-0050
	mcf210242-bib-0051
	mcf210242-bib-0052
	mcf210242-bib-0053
	mcf210242-bib-0054
	mcf210242-bib-0055
	mcf210242-bib-0056
	mcf210242-bib-0057
	mcf210242-bib-0058
	mcf210242-bib-0059
	mcf210242-bib-0060
	mcf210242-bib-0061
	mcf210242-bib-0062
	mcf210242-bib-0063
	mcf210242-bib-0064
	mcf210242-bib-0065
	mcf210242-bib-0066
	mcf210242-bib-0067
	mcf210242-bib-0068
	mcf210242-bib-0069
	mcf210242-bib-0070
	mcf210242-bib-0071
	mcf210242-bib-0072
	mcf210242-bib-0073
	mcf210242-bib-0074
	mcf210242-bib-0075
	mcf210242-bib-0076
	mcf210242-bib-0077
	mcf210242-bib-0078
	mcf210242-bib-0079
	mcf210242-bib-0080
	mcf210242-bib-0081
	mcf210242-bib-0082
	mcf210242-bib-0083
	mcf210242-bib-0084
	mcf210242-bib-0085
	mcf210242-bib-0086
	mcf210242-bib-0087
	mcf210242-bib-0089
	mcf210242-bib-0090
	mcf210242-bib-0092
	mcf210242-bib-0093
	mcf210242-bib-0094
	mcf210242-bib-0095


