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ABSTRACT. Offshore renewable energy development is being sought by US coastal states
to meet their renewable energy goals. Numerous oftshore wind development projects are
being proposed along the Atlantic coast, and additional areas are being explored in the
Pacific. Commercial-scale offshore wind will share the seas with marine fisheries that pro-
vide immense economic, recreational, and cultural value as well as local food security. An
acceleration in the number of proposed wind projects combined with a lack of clarity on
how fishing activities are to be incorporated into the planning process has created numer-
ous challenges for the fishing community and for fisheries managers. This paper explores
ecological, human, and fishery management interactions with wind development, focusing
on the Northeast US Shelf Large Marine Ecosystem. With an emphasis on a regional per-
spective, we identify key challenges to and opportunities for the goal of coexistence of off-
shore wind energy development and fishing activities, and we make several recommenda-
tions toward achieving this goal. Although the challenges to achieving coexistence of these
two industries are significant, we argue that they are surmountable and can be overcome
through a combination of collaboration, regional approaches, and innovation.



INTRODUCTION: STATE OF PLAY IN

THE UNITED STATES

In the United States, offshore wind is an important component
of the renewable energy goals being set by coastal states. At the
end of 2019, offshore wind capacity commitments summed
across states was 19,968 MW by 2035. In some states without off-
shore wind-specific targets, such as California and Hawai‘i, 100%
renewables portfolio standards and carbon reduction policies
are driving the creation of new offshore wind lease areas (DOE,
2019). This has led to an increase in proposed projects (i.e., wind
farms) in recent years, particularly in the northeastern United
States, with seven plans currently under review and an additional
eight plans expected by the summer of 2021. All of these projects
are proposed to be built within the 16 areas of ocean bottom cur-
rently leased to developers. In total, these areas cover 6,880 km?
located off of the US Atlantic (Figure 1) and Pacific coasts.

Wind development in the offshore zone will overlap with
fisheries that contribute important economic, recreational, and
cultural resources to American society. The initial focus of US
wind energy development is in the northeastern region of the
country where commercial and recreational fishing were under-
way long before the nation formed. The historical and cultural
importance of commercial fisheries in the region is reinforced
by its economic importance, with $3.7 billion in value added
to the economy in 2016, supporting over 260,000 jobs (NMES,
2018). Recreational fishing, which was initially a form of sub-
sistence, has grown in economic importance in the region over
the past 50 years, with over $5.3 billion added to the economy in
2016, supporting more than 69,000 jobs (NMFS, 2020). Marine
fisheries are managed both by the states (Atlantic States Marine
Fisheries Commission) and the federal government (NOAA
Fisheries and Regional Fishery Management Councils). Both
state and federal management are legally structured to have
stakeholders among the decision-makers, with management
decisions implemented by state and federal governments.

Wind energy development is a new ocean use in the United
States that competes with longstanding activities. It will have sig-
nificant impacts on fishery activity, fishery resources, and fishery
science and management (BOEM, 2020), and trade-offs among
these sectors can be explored in an integrated ecosystem assess-
ment framework (Levin and Lubchenco, 2008). For offshore wind
in the United States, the Bureau of Ocean Energy Management
(BOEM) is the lead agency for the approval of projects in fed-
eral waters. However, multiple state and federal agencies have
authorities for different aspects of permitting and responsibil-
ities for reviewing and assessing the potential impacts of proj-
ects. Sites to be developed have been chosen based on multiple
factors to reduce competition, including mitigation of viewshed
impacts, avoidance of areas used for military operations and sen-
sitive radar systems, and availability of wind resources. The plan-
ning process does not automatically exclude competing use areas
like fishing grounds; rather, it mandates that decisions include

“consideration” of fishing activities (Energy Policy Act of 2005
Section (p)(4)(J)(ii)). How fisheries are considered under this
requirement is largely left to the discretion of the Department
of the Interior. This has led to a great deal of confusion and con-
cern among fishery participants because there is no thresh-
old of impacts to commercial fishing activities that would affect
offshore wind energy siting and development decisions. Lack
of fishery stakeholder participation in the wind development
decision-making process contrasts with the participatory gover-
nance structure of fisheries management (Figure 2), which has
been in place for decades and clearly defines the involvement of
stakeholders. Fishery stakeholders have been included to some
degree on a state-by-state basis; for example, a state purchasing
energy from a development may include fishers in their state in
the wind development process. However, wind energy develop-
ment sites are in federal waters and may impact fishers and fish-
ing communities from multiple states. This disconnect further
amplifies the differences between the governance processes of
fisheries and wind energy development.

Our objective in this paper is to broadly define the poten-
tial interactions between offshore wind energy development
and fishing, with a focus on the Northeast US Shelf Large
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FIGURE 1. Map of the 16 currently existing wind energy lease areas
in the Northeast US Shelf Large Marine Ecosystem. Fishing activity
overlaps with the entirety of the Ecological Production Units (EPUs)
presented on the map. Total area of leases = 6,880 km?2.
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FIGURE 2. Overview of the participatory governance structure of fisheries manage-
ment in the United States. Dark blue: National Marine Fisheries Service (NOAA/NMFS)
and Department of Commerce-led activities. Light blue: Regional Fishery Management
Council-led activities. Orange: Opportunities for engagement in the science and man-

agement process.

Marine Ecosystem (NEUS-LME). We
take a regional perspective, recognizing
the regional scale of wind energy devel-
opment, fishing activities, and fisher-
ies management. From this summary of
interactions, we identify challenges to and
opportunities for the goal of coexistence
of offshore wind energy development
and fishing activities. In this regard, the
goal is renewable energy and sustainable
seafood—our future depends on both.

EFFECTS OF OFFSHORE

WIND DEVELOPMENT ON
MARINE ECOSYSTEMS IN

THE UNITED STATES

Interactions with Ecological
Communities

Ecological interactions can occur during
each phase of offshore wind develop-
ment, from pre-construction site assess-
ments to decommissioning (Birchenough
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and Degraer, 2020). Multiple stressors
are associated with offshore wind devel-
opment, and a comprehensive review
of each of these stressors is provided
by separate papers in this special issue.
Table 1 describes the potential effects for
eight species from the NEUS-LME that
are emblematic of the challenges faced
in this system. These eight species were
chosen to be highlighted because of their
importance to key ecosystem functions,
their significance to the commercial and
recreational fishing communities, and/or
because of their status as endangered or
critically endangered species. While these
species may be unique to the NEUS-LME,
they have analogs in ecosystems around
the world. Adverse effects are expected
for some species, others are expected
to benefit, and the outcome for others
remains uncertain due to lack of informa-
tion. Currently, few stressors are under-

stood with a high degree of certainty
either because so few studies have been
conducted or because those that have
been conducted have shown conflicting
results. This underscores the urgent need
for further research to understand each
of these stressors and their integrative
effects in the marine environment.

Interactions with Human
Communities: Fisheries and
Socioeconomics

Fishing communities have numerous
concerns associated with offshore wind,
including increased risk of collision with
fixed structures (turbines and cables)
and non-fixed structures (other vessels
and gear) due to changes in routing pat-
terns and increased vessel traffic, as well
as potential for interruption of fishing by
wind development activities, regulatory
uncertainty (new fishing restrictions),
and diminished economic opportu-
nity resulting from competition between
commercial and recreational fisher-
ies (Gray et al., 2016). Fishers have also
expressed concern about impacts to tra-
ditional fishing practices due to predicted
shifts in resource distribution that may
require significant changes to current
fishing methods and locations.

Although wind projects in the United
States are planned to be open to com-
mercial fishing, there are many logistical
challenges associated with operating ves-
sels in and around fixed and non-fixed
wind energy structures, particularly ves-
sels using mobile fishing gear. The chal-
lenges include difficulties with naviga-
tion, physical obstruction, traffic, safety,
gear loss, and possible insurance changes.
Together with shifts in target stock dis-
tribution, these potential obstacles may
make wind facilities de facto fishery
exclusion areas, potentially leading to
redistribution of fishing effort and stock-
wide changes in quotas or catch limits.
Such exclusions will not only have direct
effects on excluded vessels but will also
have indirect effects on vessels as well as
ecosystems elsewhere as displaced effort
will increase competition in remaining



TABLE 1. Potential interactions of offshore wind development with species representing major groups from the Northeast US Shelf Large Marine
Ecosystem (NEUS-LME).

Large
Mammals 23
e.g., North
Atlantic right
whale (Eubalaena
glacialis)

Endangered
Finfish 34
e.g., Atlantic

sturgeon
(Acipenser
oxyrhynchus
oxyrhynchus)

Demersal
Round Fish 345
e.g., black sea
bass (Centropristis
striata)

Demersal
Flatfish:s
e.g., summer
flounder
(Paralichthys
dentatus)

Small Pelagic
Finfish3s
e.g., Atlantic

mackerel
(Scomber
scombrus)

Highly
Migratory
Finfishs
e.g., blue shark
(Prionace glauca)

ECOLOGY

ECOLOGICAL
EFFECTS

Pile driving and vessel noise
affect species’ behavior,
movements, and migratory
patterns. Ship strikes cause
serious injury or mortality.
Altered hydrodynamic
patterns around wind farms
may affect distribution of
zooplankton prey.

Pile driving and vessel noise
affect species’ behavior,
movements, and migratory
patterns. Ship strikes cause
serious injury or mortality.
Altered hydrodynamic
patterns around wind farms
may affect distribution of
zooplankton prey.

The artificial reef effect
provides food and habitat. Fish
are attracted by increased
local abundance. Modified
hydrodynamic patterns change
larval dispersal.

The amount of soft bottom
habitat is reduced locally. Local
abundance declines. Modified
hydrodynamic patterns change
larval dispersal.

Altered hydrodynamic patterns
may affect zooplankton prey

abundance and larval dispersal.

EMF affects behavior,
movement, and migratory
patterns. Attraction to prey
species associated with
structure may increase
local abundance of highly
migratory species.

FISHERIES AND SOCIOECONOMICS

COMMERCIAL FISHERIES
IMPLICATIONS

Changes in fishing practices
and fisheries displacement
can increase fishing industry/
marine mammal interactions.
Changes in behavior and
habitat could also increase
interactions between animals
and fishing industry. Increases
in pot fishing would increase
entanglement risk.

N/A

Local increase in abundance
could increase commercial
fisheries effort at wind farms,
particularly for those using
pots or rod/reel. Limited
trawling is expected due to
challenges of towing near
turbines and cables. Increased
local competition for space
among vessels.

Locally decreased abundance
at wind farms may reduce
commercial fisheries effort
there. Decreased catch
expected. Lower income,
revenue, and economic viability
of the fishery anticipated.

Uncertain effects on abundance
at or near wind farms may
affect catch.

Local increases in abundance
could increase commercial
fisheries effort at wind farms.
Increased local competition
for space.

RECREATIONAL FISHERIES
IMPLICATIONS

N/A

N/A

Local increases in abundance
at wind farms may increase
recreational fisheries effort.
Gear type near turbines will
likely be rod/reel rather than
trawl for logistical reasons.
Increased local competition
for space among vessels

is expected.

Locally decreased abundance
at wind farms may decrease
recreational fisheries effort
there. Lower catch expected.
Lower income and economic
viability of the charter vessel
industry anticipated.

Uncertain effects on abundance
at or near wind farms may
affect catch.

Local increase in abundance

at wind farms may increase
recreational fisheries effort.
Charter vessel industry revenue
may increase.

MANAGEMENT

MANAGEMENT/
REGULATORY
IMPLICATIONS

Vessel speed
restrictions; noise
mitigation during
construction.

Vessel speed
restrictions; noise
mitigation during
construction.

Modified scientific
assessments,
spatial/temporal
management
areas, and catch
quotas.

Modified scientific
assessments,
spatial/temporal
management
areas, and catch
quotas.

Modified scientific
assessments,
spatial/temporal
management
areas, and catch
quotas.

Modified
recreational catch
limits.

"Marine Mammals, Endangered and Protected Species; 2 Knowlton and Kraus, 2001; 3 Floeter et al., 2017; * Popper and Hawkins, 2019; ® Stenberg et al.,
2015; ¢ Gill et al., 2012; 7 Causon and Gill, 2018; 8 Jones et al., 2020

Table continued next page...
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Invertebrate3s
e.g., longfin squid

TABLE 1. Continued...

ECOLOGY

ECOLOGICAL
EFFECTS

FISHERIES AND SOCIOECONOMICS

COMMERCIAL FISHERIES
IMPLICATIONS

MANAGEMENT

MANAGEMENT/
REGULATORY
IMPLICATIONS

RECREATIONAL FISHERIES

IMPLICATIONS

Species may be displaced from

Benthic habitat and experience habitat
Macro- loss. Modified hydrodynami
invertebrate >’ oss. Modified hydrodynamic
X patterns affect larval dispersal.
e.g., Atlantic L
Increased predation if local
sea scallop .
predator abundance increases
(Placopecten

at structures adjacent to

magellanicus) scallop beds.

Modified hydrodynamic
patterns, wind wakes,
turbulence change species
distribution. There is potential
for short-term habituation to the
sound frequencies produced
by pile driving during wind farm
installation, which may interfere
with species’ ability to evade

Pelagic

(Doryteuthis
pealeii)

Locally reduced abundance at
wind farms and difficulty using
scallop gear near turbines and
cables may reduce commercial
fisheries inside of wind farms.
This could lead to lower catch
rates, income, revenue, and

economic viability of the fishery.

Locally modified abundance
at wind farms may affect
commercial fisheries effort

there. Reduced catch expected.

Lower income, revenue, and
economic viability of the fishery
anticipated.

predators and communicate

with conspecifics.

Modified scientific
assessments,
spatial/temporal
management
areas, and catch
quotas.

Modified scientific
assessments.

"Marine Mammals, Endangered and Protected Species; 2 Knowlton and Kraus 2001; 3 Floeter et al., 2017; 4 Popper and Hawkins, 2019; ° Stenberg et al.,
2015; ¢ Gill et al., 2012; 7 Causon and Gill, 2018; 8 Jones et al., 2020

fishable locations. Fishing cessation and
its effect on the benthic community could
also have significant feedback effects
on population indices (Roach et al.,
2018) and “multiplier effects” that ripple
through coastal businesses, communi-
ties, and the downstream seafood trade.
Understanding these issues requires gath-
ering finer-scale fisheries data (i.e., land-
ings per tow), which are often proprietary,
as well as gaining a better understand-
ing of the economic value of seafood
once it enters the supply chain. Indeed,
offshore wind developers and manage-
ment authorities have attempted to quan-
tify direct effects on commercial fishing
as part of compensatory mitigation pro-
grams and/or environmental effects anal-
yses (e.g., Livermore, 2017; Fugate, 2019).
However, these assessments are contro-
versial and do not include the full suite
of fishing interests impacted by develop-
ment. Within some sectors of the recre-
ational fishing community, there is a per-
ception that offshore wind facilities will
enhance fishing (Hooper et al.,, 2017).
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While it is well documented that off-
shore structures are utilized by the recre-
ational fishing community (Smythe et al,,
2018), few publications show that these
enhancements are an actual benefit to fish
at the population level.

Fisheries impacts in the United States
are expected to differ from those observed
in Europe because of disparities in fisher-
ies infrastructures, markets, and ecosys-
tem conditions. For example, the fleets
most affected in the UK consist of smaller
day-boat vessels, and there is more uni-
formity among target fisheries and loca-
tions among vessels from a given port. In
contrast, the US fleet is highly mobile and
more diverse with regard to vessel size
and locations fished.

Interactions with Fisheries
Management

Under current US law, regional fish-
ery management councils will continue
management of fisheries in wind energy
areas, which are sited in federal waters.
Changes in fishing locations, effort, and

gear types may require additional man-
agement actions by councils. In addi-
tion, competition between commercial
and recreational fishing may have impli-
cations for fisheries management that
need to be addressed by the councils. The
Mid-Atlantic and New England Fishery
Management Councils, which manage
fisheries in the Northeast, have devel-
oped management measures for applica-
tion to specific areas (e.g., Habitat Closed
Areas, Gear Restricted Areas, Special
Management Areas), and changes to the
management of these areas or the imple-
mentation of new site-specific regulations
could be called for in and around wind
energy development areas.

Much of fisheries management involves
establishing catch levels that are based
on stock assessments. A number of data
sources are used in stock assessments,
including scientific fishery resource sur-
veys, and these surveys will be impacted
by wind energy developments. In the
Northeast United States, a number of sci-
entific surveys overlap with wind devel-



TABLE 2. Characteristics of core NMFS scientific surveys in the Northwest Atlantic and their overlap with offshore wind development. Overlaps are
the percentage of survey strata that overlap with wind energy leases and wind planning areas as calculated in a spatial analysis. SNE = Southern
New England. MAB = Mid-Atlantic Bight.

SURVEY NAME

YEAR
STARTED

SURVEY METHOD

MAJOR APPLICATIONS

INTERACTION WITH WIND ENERGY AREAS

Autumn Bottom

Random Stratified Design

Trawl Surve 1963 — North Carolina to Nova
4 Scotia (bottom trawl)
. Random Stratified Design
igr\anlgslzrovt;om 1968 — North Carolina to Nova
Y Scotia (bottom trawl)
Random Stratified Design
Scallop Survey 1979 (dredge); line transect
(HabCam)
Atlantic Surfclam Random Stratified Design
I HOeEE T LEEY (hydraulic dredge)
Quahog Surveys 4 9
Northern Shrimp Random Stratified Design
1983 ; .
Survey (commercial shrimp trawl)
Gulf of Maine
Cooperative 2014 Random Stratified Design
Bottom Longline (bottom longline)
Survey
Random Stratified
Design (linked to Trawl
Ecosystem Survey Design); fixed
Zﬁ:gormg 1977 stations embedded in
Y design (plankton and
oceanographic sampling)
North Atlantic
Right Whale 1998 Aerial line transects
Aerial Surveys
Line transects for
Marine Mammal ship and aerial
and Sea Turtle 1991 surveys; opportunistic

Ship-Based and
Aerial Surveys

biological and physical
oceanographic sampling
from shipboard surveys

Components of Ecosystem
Monitoring Survey:
abundance, length, age,
sex, weight, diet, maturity
samples, distribution

Components of Ecosystem
Monitoring survey:
abundance, length, age,
sex, weight, diet, maturity
samples, distribution

Biomass, abundance,
distribution, size, and sex
of sea scallops and other
benthic fauna

Biomass, abundance,
distribution, size, and sex of
Atlantic surfclam and ocean
quahog

Biomass, abundance,
length

Abundance, biomass,
length, age, sex, weight,
maturity samples,
distribution, focused on
hard-bottom habitat data

Phytoplankton,
zooplankton,
ichthyoplankton, carbonate
chemistry, nutrients, marine
mammals, seabirds

Right whale population
estimates; dynamic area
management

Abundance and spatial
distribution of marine
mammals, sea turtles, and
seabirds

Range (%) survey strata overlaps calculated for SNE
and MAB: 0.87-60.0%. New design and methods
within wind energy will be required.

Range (%) survey strata overlaps calculated for SNE
and MAB: 0.87-60.0%. New design and methods
within/outside wind energy will be required.

Range (%) survey strata overlaps calculated for SNE
and MAB: 0.59-95.53%. New design and methods
within/outside wind energy will be required.

Range (%) survey strata overlaps calculated for SNE
and MAB: 8.17-33.40%. Surf clam survey strata
overlaps: 3.28-27.21%. New design and methods
within/outside wind energy will be required.

Overlaps with areas now being considered and
planned for wind development in the Gulf of Maine
that are in early phases of pre-leasing process.
Survey strata impacted: to be determined.

Overlaps with areas now being considered and
planned for wind development in the Gulf of Maine
that are in early phases of pre-leasing process.
Survey strata impacted: to be determined.

Range (%) survey strata overlaps calculated for SNE
and MAB: 1.40—-44.13%. New design and methods
within/outside wind energy will be required.

Overlaps estimated for wind energy leases, wind
energy planning areas, and Gulf of Maine. Survey
strata overlap: 60%. New design and possible
methods within/outside wind energy will be
required.

Overlaps with wind energy leases, wind energy
planning areas, and Gulf of Maine. Survey strata
overlaps: to be determined. New design and
methods within/outside wind energy will be
required.

opment areas and represent more than
315 years of cumulative survey effort
which are supported by dedicated NOAA
ship and aircraft resources (Table 2).
Information gathered from these sur-
veys represents some of the world’s most
comprehensive data on marine ecosys-

tems (e.g., Despres-Patanjo et al., 1988;
McClatchie et al., 2015). The surveys
support fisheries and protected species
assessments and management actions,
ecosystem-based fisheries management,
and regional and national climate assess-
ments, as well as a number of regional,

national, and international science activ-
ities. Offshore wind development will
impact these scientific survey operations
and consequently the scientific and man-
agement products produced for a wide
variety of users. Within offshore wind
areas, survey operations will be curtailed
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or eliminated under current vessel and
aircraft capacity limits, safety require-
ments, and assessment protocols. Without
robust investment in a plan to adapt these
data collection and analysis programs to
offshore wind development, the programs
will suffer from survey bias, a reduction
in information, increased uncertainty in
stock assessments, and resulting poorly
informed management decisions. When
uncertainty is introduced into stock
assessments, management decisions are
less well informed, and the likelihood
of inappropriate management actions
increases. Poorly informed manage-
ment actions could lead on the one hand
to overfishing of stocks and on the other
hand to underfishing of stocks. Both have
significant economic impacts on commer-
cial and recreational fishing industries.

THE CHALLENGES

Keep Learning on Pace

with Development

The rate of offshore wind construc-
tion and technological advancement is
extremely fast-paced. At the same time,
numerous analyses are needed in order to
understand biological and human inter-
actions with offshore wind. One of the
greatest challenges is to keep these analy-
ses on pace with the offshore wind devel-
opment because they provide vital infor-
mation for permitting and management
decisions. From a regulatory perspective,
challenges include a high number of proj-
ect plans, multiple intersecting state and
federal mandates, contrasting missions of
cooperating federal agencies, and budget
limitations imposed on cooperating agen-
cies to address these challenges. From a
science perspective, reconciling the time
and resources needed to identify and con-
duct scientific investigations at ecosystem
and development scales with the time-
tables of wind projects is a huge challenge.
Keeping science on pace with develop-
ment will require an adaptive approach
in which learning occurs simultaneously
with development and our tools for mon-
itoring and mitigating effects are adapted
as our knowledge base grows and evolves.
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Assessing Cumulative Impacts
Grappling with the effects of a single wind
project is challenging. Understanding
the cumulative impacts of multiple wind
projects at full build-out in combina-
tion with other past, present, and reason-
ably foreseeable stressors operating over
several decades is much more difficult.
Cumulative impact analysis (CIA) for
offshore renewable energy development
(Willsteed et al, 2018) is particularly
arduous because of the high levels of ana-
lytical complexity and uncertainty asso-
ciated with offshore wind interactions
with marine ecosystems. In the United
States, multiple offshore wind projects
are slated for construction over the next
decade, and operations will continue
for an additional 25+ years per project
(BOEM, 2019). Climate-driven changes
in the distributions and abundances of
marine species, variability in the energy
and seafood markets, and evolving wind
and fishing technologies (Nye et al., 2009;
BOEM, 2019) lead to highly uncertain
outcomes in cumulative impacts analy-
ses; the focus tends to be on a maximum
impact scenario. Evaluating existing CIAs
to identify strengths and weaknesses of
current practices (Willsteed et al., 2018)
and the development of new methodol-
ogies such as those implementing risk-
based approaches (Stelzenmueller et al.,
2018) are moving CIAs toward practi-
cable applications.

Potential Effects of Evolving
Turbine Technologies

Fixed foundation technologies are cur-
rently most feasible in waters <60 m
deep, yet more than 58% of the offshore
wind energy in the United States occurs
beyond this depth (Beiter and Musial,
2016). The most promising technol-
ogy for deepwater offshore wind is float-
ing turbine systems that are anchored
to the seabed using mooring lines and
anchors. Floating turbines are connected
to each other by an intra-array network
of subsea electrical cables and to land
by sub-bottom export cables (Statoil,
2015). In the United States, a demon-

stration-scale floating wind turbine was
deployed in the Gulf of Maine between
2013 and 2014, and deployment of a full-
scale turbine off the coast of Monhegan
Island, Maine, is planned. In addition to
the Gulf of Maine, floating technology is
also currently being explored for use off
the US West Coast and Hawai'i.

Compared to fixed foundation technol-
ogy, floating wind facilities will encounter
a different set of marine species and fish-
eries in deeper waters and will create a dif-
ferent set of stressors. For instance, as with
fixed foundation facilities, floating facili-
ties are still likely to limit or exclude fish-
ing vessels with towed gear, stir up sedi-
ment into the water column during burial
of export cables, and support epifaunal
growth on associated structures. Floating
offshore wind may also present new effects
related to the mooring or cabling systems
that are not yet fully understood (Statoil,
2015). However, the noise associated with
pile driving would be eliminated, and
floating wind systems could also allow for
greater flexibility in siting because of their
broader depth allowances.

THE OPPORTUNITIES
Cross-Sectoral Collaboration

The development of offshore wind in the
NEUS-LME brings enormous challenges,
but it also creates equally immense oppor-
tunities for collaboration and innovation.
Collaborative efforts among federal agen-
cies, the commercial and recreational fish-
ing communities, and the wind industry
are already underway. In March 2019,
NOAA, BOEM, and the Responsible
Offshore Development Alliance (RODA)
entered into a 10-year memorandum of
understanding (MOU), setting the stage
for collaborative work between regional
commercial fishing communities and fed-
eral regulators on areas of mutual inter-
est. RODA, a commercial fishing indus-
try coalition with members from North
Carolina to Maine as well as from the
west coast of the United States, formed
in response to the considerable chal-
lenges fishers have faced in their efforts
to be effectively involved in offshore



wind energy planning. The organiza-
tion is working with NOAA Fisheries and
BOEM to enhance engagement with the
commercial fishing industry in the oft-
shore wind development process, iden-
tify optimal approaches for incorporat-
ing fishing expertise into the planning
and development process, and support
regional research and monitoring efforts
that include fishers' ecosystem knowl-
edge. As one early effort under the MOU,
the three entities are collaborating to
develop a synthesis-of-the-science report
and workshop to compile and integrate
existing scientific knowledge about off-
shore wind and fisheries interactions. In
addition, RODA is also formally engaged
directly with a group of eight wind devel-
opers to create a standing Joint Industry
Task Force in order to improve commu-
nication between the two industries and
bring commercial fishing industry exper-
tise to bear on major issues of concern
such as wind project siting and layout
design. Together, these collaborations cre-
ate opportunities for applying improved
marine planning techniques so that wind
projects better match expectations of US
fishing communities. They also aspire to
create new opportunities for research and
collaboration, to spur innovation, and to
develop new mitigation strategies.

Regional Coordination of

Scientific Study

There is a critical spatial mismatch
between wind project-level data (hun-
dreds of square kilometers) collected by
developers and the potential uses of these
data, uses that include studies of impacts
on (1) ecological communities (10 m to
thousands of meters), (2) regional fish-
eries resources, (3) fishing communities
and seafood industries (local, state, and
regional), and (4) the scientific enter-
prise that supports fisheries manage-
ment (Table 3). These spatial mismatches
are further complicated by the wide geo-
graphic ranges of fisheries resources
(up to thousands of kilometers) and the
regional nature of fisheries management
structures. Thus, a regionally coordinated

framework is greatly needed for collec-
tion, analysis, and sharing of informa-
tion from offshore wind facilities. Such
a framework is essential for address-
ing conflict between fishing communi-
ties and developers. A regional approach
to science would standardize monitor-
ing methods (sampling gear, experimen-
tal design, spatial and temporal scales
that more closely match the resource, and

reporting standards) within a region to
make data comparable within and among
projects. Individual regions could incor-
porate regionally specific studies into
the larger research framework, and the
research questions and their answers
would complement one other in much the
same way that puzzle pieces fit together to
give a full picture.

Collaboration will be the cornerstone

TABLE 3. Examples of pathways through which offshore wind development could modify eco-
systems and the expected scales of direct effects on fisheries resources, fisheries/socioeconom-
ics, and fisheries management. Spatial scales are categorized as local (within the footprint of the
wind farm or adjacent neighborhood), regional (at the scale of managed populations/stocks, which
may be thousands to tens of thousands of meters from wind farms), or ecosystem (more than

100,000 meters from a wind farm).

EXAMPLE PATHWAYS OF

ECOSYSTEM MODIFICATION

Benthic habitat modification

Food provision/foraging opportunity
Aggregation of fisheries resources

Biodeposition

FISHERIES
RESOURCES

Effects on migration

Entanglement

Electromagnetic fields

maintenance

Fisheries displacement
Change in fishing behavior
Navigation

Gear damage

Gear switching

FISHERIES AND
SOCIOECONOMICS

Change in catch per unit effort

Change in revenue from landings

Change in quotas

FISHERIES

[
4
w
=
9
=
r4
g
=

Effects on scientific advice

Oceanographic changes (local upwelling, wind wakes,
turbulent flow, nutrients, temperature, stratification)

Acoustic disturbance from construction, operation,

Collision/allision; vessel operator safety

Changes in shoreside/fishing communities

Effects on regional and shelf-wide scientific assessments
leading to uncertainty in biological indices

EXPECTED SPATIAL
SCALE OF EFFECTS

Local
Local to ecosystem

Local to regional
Local
Local

Local to ecosystem

Local to regional

Local to regional

Local to regional

Local to regional
Local to regional
Local to regional
Local
Local
Local to regional
Local to regional
Local to regional

Local to regional
Regional
Regional to ecosystem

Regional to ecosystem
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of regional science efforts. Through
RODA, commercial fishing communities
have opened a dialog with wind develop-
ers to address conflicts between the two
industries and suggest opportunities for
cooperative research. The Responsible
Offshore Science Alliance (ROSA), a
newly established regional science struc-
ture in the United States for which RODA
was a founding member, will take a
lead role in coordinating the develop-
ment of a regional science framework
ROSA’s
overarching mission is to coordinate and

(https://www.rosascience.org/).

deliver the best available scientific prod-
ucts and information necessary to address
oftshore development, fisheries manage-
ment, and ecosystem health. By facilitat-
ing regional coordination, ROSA will fos-
ter collaboration across disciplines, work
toward standardizing methodologies,
and establish best practices for scientific
study both within and among regions.
Existing regional fisheries monitoring
collaborations such as the Northeast Area

Monitoring and Assessment Program
(NEAMAP, 2003), a cooperative state and
federal program that facilitates data col-
lection and sharing, are excellent exam-
ples of integrating fishing industry plat-
forms and fishers expertise and can
provide models to advance offshore wind
and fisheries science.

Learning from and Building
Collaborative Bridges with
European Partners

Offshore wind has been generating
energy for European nations for more
than 20 years (Olsen and Dyer, 1993),
and those nations continue to face many
of the same challenges related to science-
based monitoring, commercial fisheries
interactions, and fisheries management
that the United States is now confront-
ing. Major research and monitoring pro-
grams have been underway at individ-
ual European wind facilities for several
years (e.g., Degraer et al,, 2019), and this
work is increasingly making its way into

BOX 1. TERMS OF REFERENCE FOR THE ICES WORKING GROUP ON
OFFSHORE WIND DEVELOPMENT AND FISHERIES (WGOWDF)

tribution of fishing operations.

column changes.

OBORNONO
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Review and report on fishing industry interactions with offshore wind
development and document lessons learned including effects on the dis-

Develop and report on methodologies to assess the impact of offshore
wind development on fishery resources. These assessments should
include observational and model-based approaches and consider hind-
cast and forecast data and models.

Consider and report on effects of habitat alteration by offshore wind
development on fisheries. This consideration should include anticipated
changes to the benthic habitats, potential for invasive species, vertical
and horizontal movement of water, sediment suspension, and water

Review ICES expertise and identify gaps and opportunities relative to
renewable energy and marine ecosystems and sustainability.

the peer-reviewed literature in the forms
of reports on individual research stud-
ies, research syntheses, and policy papers
(e.g., Gray et al., 2016; Causon and Gill,
2018; Roach et al., 2018, Methratta and
Dardick, 2019). To foster collaborations
between US and European colleagues
going forward, the International Council
for the Exploration of the Sea (ICES)
has recently convened the Working
Group for Offshore Wind Development
and Fisheries (WGOWDF). The cen-
tral purpose of the WGOWDF is to
bring the multidisciplinary expertise of
its membership to bear on these issues
(Box 1) in synergy with other exist-
ing ICES working groups, including
one focused on Marine Benthal and
Renewable Energy Developments.

Learning from Previous Experience
The Block Island Wind Farm (BIWF)
is the first operational offshore wind
facility in US marine waters. Commis-
sioned in late 2016, BIWF is a 30 MW
demonstration-scale project consisting of
five 6 MW turbines located in state waters
6 km off the coast of Block Island, Rhode
Island. The BIWF experience provided
an opportunity to learn about how off-
shore wind interacts with both ecological
and human communities. First, it illus-
trated the importance of early and effec-
tive industry-to-industry dialogue in the
context of a comprehensive and inclusive
marine spatial planning process for clar-
ifying respective concerns and for identi-
fying ways to minimize conflict, mitigate
impacts, and generate options for mutu-
ally beneficial cooperation (McCann
et al., 2013). Next, the BIWF experience
demonstrated how the commercial fish-
ing and offshore wind industries could
work collaboratively to design ecological
impact studies, including both a coop-
erative groundfish trawl survey and a
ventless trap survey for American lob-
ster (Homarus americanus) (Lipsky et al.,
2016). In addition, the BIWF experience
provided an opportunity for the first stud-
ies of offshore wind effects in a US eco-
system, including studies of the acoustic


https://www.rosascience.org/

environment during pile driving (Amaral
et al., 2019), sediment suspension and
deposition during cable laying (Elliott
et al,, 2017), and establishment of the
post-construction benthic community
(LaFrance Bartley et al. 2019), as well as
effects on the flatfish community during
construction (Wilber et al. 2018). Lastly
and perhaps most importantly, with few
unambiguous findings from these stud-
ies, the BIWF experience demonstrates
the ongoing challenges in attaining a
clear understanding of ecological effects.
This is due in part to low statistical power
and high uncertainty in individual stud-
ies. But the larger issue illuminated by
these research efforts is the high degree
of complexity in the interactions between
wind development and environment and
just how critical rigorous study designs
are for understanding them.

The United States also has a long his-
tory with other offshore industries, such
as the oil and gas industry, which can be
further explored. For example, the fishery
liaison/fishery representative framework
that was developed in the UK (FLOWW,
2014) and adopted in the US offshore
wind energy sector had some of its ear-
liest roots in the Joint Oil and Fisheries
Liaison Office (JOFLO) established for
the oil and gas industry offshore southern
California. With regard to environmen-
tal effects, analogs concerning the artifi-
cial reef effect post-construction and the
effects of decommissioning structures
can be brought to bear on understanding
potential life-cycle effects from offshore
wind (Birchenough and Degraer, 2020).

Need for Innovation

Successfully surmounting the challenges
brought by offshore wind development
will require innovation across several
arenas, including monitoring technol-
ogy, experimental design, and coopera-
tive research. The difficulty of sampling
with traditional trawl or dredging gear
is driving innovation in new monitoring
methods that include using environmen-
tal DNA (eDNA), both aerial and under-
water autonomous vehicles, remotely

operated vehicles (ROVs), digital aerial
photography, automated sensors, ste-
reo camera technology, artificial intelli-
gence, and machine learning (Thomsen
et al, 2012; Kresimir et al, 2016).
Innovative experimental designs such as
the before-after-gradient (BAG) method
are being explored. BAG can offer many
advantages over the traditional before-
after-control-impact (BACI) design by
explicitly incorporating spatial hetero-
geneity and improving the ability of a
study to detect changes from baseline
(Methratta, 2020). Innovation in cooper-
ative research is spurring discussions on
the use of appropriate gear and on how,
when, and where to sample. It is also
catalyzing collaboration among vessel
operators to improve real-time data col-
lection and to create new uses of owner-
collected data. If approached deliber-
atively, future opportunities may exist
for gear modification, vessel or marine
radar improvements, or improvement of
port infrastructures.

Integrated Ecosystem Assessment
as an Organizing Approach
Ecosystem-based management provides
a framework for balancing the ecological
and human dimensions of offshore wind
through consideration of how ecosystem
components, including humans, inter-
act with management sectors across the
entire ecosystem (Levin and Lubchenco,
2008). As an operational approach to eco-
system-based management, Integrated
Ecosystem Assessment is a multi-step
process that permits the evaluation of
cross-sector trade-offs (Samhouri, et al.,
2014; Figure 3). Approaches to includ-
ing wind facility development into an
Integrated Ecosystem Assessment frame-
work in the United States would bene-
fit from examining previous efforts at
wind facilities elsewhere to link func-
tional diversity with ecosystem services
(Causon and Gill, 2018), to identify eco-
system indicators (Raoux et al., 2019),
and to develop ecosystem simulation
models (e.g., Pezy et al., 2018).

IEA Approach

R Implement
(5@ Management
Action

Monitoring
of Ecosystem
Indicators

Evaluate
and Assess
Outcomes

FIGURE 3. The NOAA Integrated Ecosystem Assessment (IEA)
approach,amulti-stepprocessthatpermitsevaluationofcross-sector
trade-offs. EBM = Ecosystem Based Management. From NOAA IEA
Program, https://www.integratedecosystemassessment.noaa.gov/
national/[EA-approach, Samhouri et al., (2014)
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CONCLUSIONS AND
RECOMMENDATIONS
Renewable energy and sustainable sea-

food are both integral elements of a sus-

tainable ocean economy and will certainly

both be needed to support the future of

society. The spatial overlap between these

two industries in the offshore zone creates

not only many challenges but also many

opportunities. Achieving coexistence will

involve an all-of-the-above approach that

incorporates a combination of collabo-

ration, regional approaches, and innova-

tion. To that end, we make the following

recommendations:

1.

26

. Develop

Continue to advance cross-sectoral
collaborations.

. Co-design methods and approaches

with the fishing community in coordi-
nation with wind energy developers to
address specific areas of conflict, col-
lect enhanced spatially referenced fish-
eries data, and create a common frame-
work for mitigating adverse impacts to
fishing communities.
regional approaches to
advance the best possible science that
utilize standardized methods and
an accepted set of best practices for
designing impact studies.

. Adapt existing fisheries resource sur-

veys to wind development in order to
continue to deliver the highest quality
scientific advice.

. Develop means to integrate local-scale

monitoring with regional and shelf-
wide scientific assessments.

. Continue to innovate in the arenas of

cooperative research, monitoring tech-
nology, and experimental design.

. Continue building opportunities to

learn through domestic and inter-
national collaborations that develop
operational information products and
methods.

. Advance an Integrated Ecosystem

Assessment framework that includes
offshore wind in the evaluation of
trade-offs and cumulative impacts.
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