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Offshore wind project-level
monitoring in the Northeast
U.S. continental shelf
ecosystem: evaluating the
potential to mitigate impacts to
long-term scientific surveys

Elizabeth T. Methratta™, Andrew Lipsky*
and Jason M. Boucher?

!Northeast Fisheries Science Center, National Oceanic and Atmospheric Administration (NOAA)
National Marine Fisheries Service, Narragansett, RI, United States, 2Northeast Fisheries Science
Center, National Oceanic and Atmospheric Administration (NOAA) National Marine Fisheries Service,
Woods Hole, MA, United States

Offshore wind will generate much needed renewable energy in the U.S. and
worldwide, but this industry will also affect other ocean uses. In the Northeast
U.S. continental shelf (NES) ecosystem, these effects include the impact that wind
development will have on the design and execution of long running scientific
surveys conducted by National Marine Fisheries Service of the National Oceanic
and Atmospheric Administration (NOAA Fisheries) which play a critical role in the
provision of scientific information for stock assessment and advice for fisheries
management. Recognizing these impacts, the federal government has
established a Survey Mitigation Strategy that identifies a need to evaluate
whether the information yielded from project-level monitoring studies
conducted by wind developers might be suitable for integration with data from
NOAA Fisheries surveys, thereby ameliorating the impacts to the surveys. To
address this need, we compiled and tabulated information from all currently
available project-level monitoring studies and compared elements of the design
and methodology of each study with that of the comparable NOAA Fisheries
survey. Based on this information, we evaluated their suitability for filling
expected gaps in long term surveys, for addressing impacts at the population
level, and for understanding interactions between fish stocks and habitat
alterations. We found that project-level monitoring studies as currently
designed for the NES ecosystem will not yield information that can mitigate
impacts to NOAA Fisheries scientific survey time series from offshore wind
development. We provide recommendations on how to enhance the ability of
project-level monitoring studies to mitigate impacts to long term
scientific surveys.
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Introduction

The U.S. plans to develop 30 GW of oftshore wind energy by the
year 2030 as part of a multi-faceted effort to combat climate change.
The nation’s first utility scale wind developments are slated to be
constructed in the Northeast U.S. continental shelf (NES) ecosystem
(Figure 1), which is also home to one of the world’s most productive
fishing grounds, protected and endangered species, and sensitive
habitats. As the nation’s steward of natural marine resources, the
National Marine Fisheries Service of the National Oceanic and
Atmospheric Administration (NOAA Fisheries) conducts 14
scientific surveys in the NES ecosystem (Table 1) that will be
impacted by offshore wind development, some with time series
exceeding 60 years. As the footprint of oftshore wind energy
development grows, additional surveys may be impacted and the
impacts to existing surveys will likely increase. These surveys support

10.3389/fmars.2023.1214949

management of more than 40 fisheries, more than 30 marine
mammal species, and 14 threatened and endangered species
through stock assessment and the provision of management advice.
Moreover, these scientific surveys support numerous other NOAA
Fisheries’ science products, including ecosystem and climate
assessments. NOAA Fisheries surveys have occurred in the region
since the early 1960s, leading the NES ecosystem to be one of the best
studied marine ecosystems in the world.

Because of the substantial spatial overlap between offshore wind
development and NOAA Fisheries scientific surveys (e.g., Bottom
Trawl Survey, Figure 1), wind development will impact the surveys
through the following four means (Hare et al., 2022): 1) Preclusion -
displacement of survey by wind infrastructure; 2) Impacts to
Statistical Survey Design - current statistical survey methods will
no longer be able to be executed due to reduced spatial sampling
frame; 3) Change in Habitat and Concomitant Effects on

FIGURE 1

development. Map provided by Angela Silva (NOAA Fisheries).

- Offshore Wind Lease Areas

____J Offshore Wind Planning Areas
- Bottom Traw! Survey Strata

NOAA Fisheries fall and spring Bottom Trawl Survey strata overlaid by current offshore wind leases and planning areas in the NES ecosystem.
Planning areas are initial areas identified by BOEM as potentially suitable for wind development. These areas are winnowed down through analysis
and input from stakeholders to wind energy areas (WEAs). Lease areas are specific areas of the WEAs that are leased to developers for wind project
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TABLE 1 NOAA Fisheries scientific surveys.

10.3389/fmars.2023.1214949

Name of NOAA Scientific Year Survey Design (Sampling Gear) Major Applications
Survey Started
Continuous Plankton Recorder 1961 Towed Continuous Plankton Recorder Abundance, distribution, biomass
Autumn Bottom Trawl Survey 1963 Random Stratified (Bottom Trawl) Abundance, distribution, length, age, sex, weight, diet, and
maturity samples, components of Ecosystem Monitoring survey
Spring Bottom Trawl Survey 1968 Random Stratified (Bottom Trawl) Abundance, distribution, length, age, sex, weight, diet, and
maturity samples, components of Ecosystem Monitoring survey
Sea Scallop Dredge Survey/Integrated 1979 Random Stratified (Dredge) Abundance, distribution, biomass, size, and sex of sea scallops
Benthic Habitat Survey Line Transect (HabCam) (Placopecten magellanicus) and other benthic fauna
Atlantic Surfclam and Ocean Quahog 1980 Random Stratified (Hydraulic Dredge) Abundance, distribution, biomass, size, and sex of Atlantic
Surveys surfclam (Spisula solidissima) and ocean quahog (Arctica
islandica)
Northern Shrimp Survey 1983 Random Stratified (Commercial Shrimp Abundance, distribution, biomass, and size
Trawl)
Gulf of Maine Cooperative Bottom 2014 Randomly Stratified (Bottom Longline) Abundance, distribution, length, age, sex, weight, diet, and
Longline Survey maturity samples, components of Ecosystem Monitoring survey
Ecosystem Monitoring Survey (6 times 1977 Random Stratified [linked to Bottom Trawl Phytoplankton, zooplankton, ichthyoplankton, carbonate
per year) Survey Design] and fixed Stations (Plankton, | chemistry, nutrients, marine mammals, sea birds
Oceanographic, and Visual Sampling)
North Atlantic Right Whale Aerial 1998 Line Transects (Visual) Right Whale (Eubalaena glacialis) population estimates;
Surveys dynamic area management
Marine Mammal and Sea Turtle Aerial 1993 Line Transects (Visual) Abundance and spatial distribution of marine mammals and sea
Surveys turtles for stock assessments
Marine Mammal, Sea Turtle, and 1991 Line Transects (Visual along with Plankton Abundance and spatial distribution of marine mammals, sea
Seabird Ship-based Surveys and Oceanographic Sampling) turtles, and sea birds for stock assessments
Seal Aerial Abundance Surveys 1990 Surveys over Haul-out Sites and Pupping Abundance, distribution, migration (tagging) for assessments of
Colonies (photographic) harbor and gray seals
Coastal Shark Bottom Longline Survey 1986 Fixed station (bottom longline) Abundance, distribution, life history, migrations (tagging)
Cooperative Atlantic States Shark 1998 Random stratified and fixed station (longline ~ Abundance, distribution, life history, migrations (tagging)
Pupping and Nursery Longline/Gillnet and gillnet)
Survey

Population Structure - changes in habitat will have affect species
distribution, abundance, and vital population rates both inside and
outside of wind project areas and lead to changes in population
structure after construction and for the lifetime of the project; and
4) Practical Sampling - navigating survey vessels around wind
energy areas will increase transit time and sampling time. In the
immediate term, these impacts will cause gaps in long term time
series of the surveys. The long term implications of survey impacts
and the knock-on effect of reduced data quality to support stock
assessment and management advice, will ultimately lead to greater
uncertainty in fisheries management. Given the severity of the
impacts that wind development will have on NOAA Fisheries
scientific surveys, NOAA Fisheries and the Bureau of Ocean
Energy Management (BOEM) have joined together to establish
the Federal Survey Mitigation Strategy for Northeast U.S. Region
(Hare et al., 2022). The Mitigation Strategy is intended to guide the
Mitigation Program which will include survey-specific mitigation
plans for each impacted survey, including both vessel and aerial
surveys (Survey-Specific Mitigation Plans). Although specific to the
Northeast U.S. Region (Maine to North Carolina), the strategy is
generally applicable to other regions of the country. These issues are
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also being faced in many other counties and they are currently being
addressed by the International Council for the Exploration of the
Seas (ICES) Working Group for Offshore Wind and Fisheries
(ICES, 2022) and have been incorporated into the objectives of
the ICES roadmap for Offshore and Marine Renewable Energy
(ICES, 2023).

A potential source of information that could mitigate impacts to
NOAA Fisheries scientific surveys, evaluate population-level
impacts, and inform our understanding of how stocks respond to
habitat alteration is the project-level monitoring undertaken by
wind developers. Project-level monitoring could be designed to
address questions about changes in habitat, the underlying
mechanisms, and how measured responses do or do not confer
population level effects. For each wind project, some individual
states require wind developers to conceive and execute project-level
monitoring that evaluates the impacts derived from the
construction, installation, and operation of wind structures (e.g.,
Vineyard Wind, 2023). BOEM also provides a set of guidelines for
project monitoring and incorporates any of the state-level
requirements or voluntary activities proposed by a developer into
the project’s regulatory approval (BOEM, 2023).
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The potential impacts on habitat and fisheries resources are
substantial and include effects from a wide array of impact
producing factors (IPFs) including electromagnetic fields (EMF),
noise, benthic habitat alteration, artificial reef and FAD effects,
pelagic habitat alteration, and hydrodynamic changes (NOAA,
2023). Each of these IPFs cause habitat alterations that have the
potential to affect vital population rates and thus populations.
Despite the requirements to conduct project-level monitoring,
there currently exist no requirements for what a monitoring plan
should contain, although various sets of guidelines have been
provided by BOEM, state agencies, and regional working groups
(MADMEF, 2018; ROSA, 2021; BOEM, 2023). The collection of
monitoring data in and around individual wind projects represents
a potential opportunity to mitigate impacts to NOAA Fisheries
scientific surveys. These data could inform our understanding of
impacts to populations and provide data that could supplement
information lost from the survey time series due to wind
development. This opportunity was recognized by the Federal
Survey Mitigation Strategy which called for an evaluation and
integration, where feasible, of wind energy development
monitoring studies with NOAA Fisheries surveys (Hare et al,
2022, Action 2.2.1).

The purpose of this paper is to evaluate whether project-level
monitoring studies as currently designed by wind developers will
mitigate impacts to the long-term scientific resource surveys
conducted by NOAA Fisheries with a focus on fisheries resource
surveys. Specifically, we evaluated whether they can yield information
that can fill expected gaps in long term surveys, examine impacts at
the population level, and/or inform our understanding of how
populations will respond to wind-derived habitat alterations. To
that end, we 1) Collated all existing offshore wind development
fisheries and benthic monitoring plans and tabulated several key
aspects of each plan; 2) Determined whether each survey proposed by
project-level monitoring collects information that is functionally
equivalent to the comparable NOAA Fisheries scientific survey;
and 3) Provide recommendations on how project-level monitoring
plans could be adapted to enhance their suitability for providing
information that can support existing scientific survey time series and
thus the mitigation of wind-derived impacts on fisheries
management. For clarity, we use the term “monitoring plan”
throughout this paper to refer to the combined benthic and
fisheries monitoring plan for an individual wind project. The term
“study” is used to refer to a specific experiment within a monitoring
plan. The term “survey” is used to refer to NOAA Fisheries
scientific surveys.

Methods

All accessible fisheries and benthic monitoring plans were
gathered and collated. The plans are publicly available and can be
accessed on websites maintained by BOEM, other agencies, or
obtained directly from the developers. From each monitoring
plan, we extracted and compiled the following information into
a table:
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Characteristics of the
monitoring studies

These included: 1) Name of the wind project; 2) Stated research
question or hypothesis; 3) Impact producing factors studied; 4)
Target taxa, species, or habitat; 5) Gear type; 6) Location; 7) Data
types to be collected; 8) Where the study will be conducted (e.g.,
wind project, controls, cable route); 9) Month and/or Season of
sampling; 10) Temporal duration during each phase of wind
development; 11) Experimental design; 12) Statistical method for
station selection (e.g., random, systematic, etc.); 13) Regional survey
the plan states that it is comparable to or is modeled after, if any;
and 14) Comparable NOAA Fisheries scientific survey, i.e., survey
that is currently sampling the same species or habitat as the
proposed monitoring; and 15) Description of how QA/QC’d data
will be accessible and readily available.

Utility of the monitoring plan in mitigating
wind-derived impacts to
long-term surveys

We further examined whether the monitoring studies as
proposed: 16) Include supplementing the comparable NOAA
Fisheries survey as stated an objective; 17) Are calibrated to an
existing NOAA Fisheries survey; 18) Address Preclusion; 19)
Address impacts to statistical survey design; 20) Address habitat
change and responses to habitat change after construction and for
the lifetime of the wind project; 21) Address practical sampling
issues; and 22) Provide a functionally equivalent sample to the
comparable NOAA Fisheries survey.

Results

We identified monitoring plans from 9 different offshore wind
projects that were available for review including: Atlantic Shores
(2021a; 2021b); Empire Wind (2022); New England Wind (2021a;
2021b); Ocean Wind (2021; 2022); Revolution Wind (2021); South
Fork Wind (2020); Sunrise Wind (2021); Vineyard Wind (2023),
and Coastal Virginia Offshore Wind (CVOW, 2022a; CVOW,
2022b). Thus 27% of the N=33 total leased areas in the NES
ecosystem (BOEM, 2023) have proposed fisheries and benthic
monitoring plans that were accessible. Among these, there were
67 unique monitoring studies proposed across a range of taxonomic
groups and habitat types (Supplemental Tables S1-S5).

Characteristics of the
monitoring studies

Research question, objective, or hypotheses and
IPFs evaluated

All of the proposed studies provided research questions,
objectives, and/or hypotheses that were to be addressed (Figure 2;
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FIGURE 2

The proportion of project level studies (N=67) that studied particular effects or impact producing factors (IPFs).

Supplemental Table S1). A small proportion of studies proposed to
explore a specific IPF. All of these were local scale studies that did
not explore potential impacts to populations-level impacts at the
spatial scale of the stock. Among the 67 studies were 6 (9%) studies
aimed at studying how physical disturbance during the cable
installation process affected benthic habitat and/or benthic habitat
function. Also, two (3%) studies specifically planned to test
hypotheses related to electro-magnetic frequency (EMF) impacts
along cables although one of these had a hypothesis that combined
the effects of both physical disturbance and EMF. One other study
planned to look at the effect of boulder relocation on the epibenthic
community. The vast majority of studies (n=60; 90%) focused on
the overall impact of wind project structures (presence vs. absence)
on target species that are expected to occur in the area.

Study target and sampling gear

Eight (89%) of the N=9 wind project monitoring projects
included a trawl study (e.g., otter trawl, beam trawl) to investigate
demersal fish and invertebrates, representing 12% of the N=67
overall proposed studies (Figures 3A, B; Supplemental Table S2).
There were 2 (22%) wind projects (Ocean Wind 1 and Atlantic
Shores) that proposed dredge studies to examine surf clams and
other shellfish, representing 3% of all studies proposed. A total of 11
(16%) studies across 7 (78%) wind projects proposed to utilize fish
pots or traps to study structure associated species including black
sea bass (Centropristis striata), tautog, scup, American lobster
(Homarus americanus), Jonah crab (Cancer borealis), and whelk
(Busycon spp.). A total of 17 (25%) studies plan optical sampling
modalities. This included 9 (13%) studies across 6 (67%) wind
projects that plan to use remotely operated vehicle (ROV)/video
studies of hard bottom habitat; 2 (3%) studies across 2 (22%) wind
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projects that plan to use ROV/video to study benthic megafauna or
epibenthos; 2 (3%) studies across 2 (22%) wind projects that plan to
use drop camera methods to examine benthic macrofauna; 1 (2%)
study at a single wind project that plans to use drop camera
methods to study submerged aquatic vegetation (SAV) coverage;
3 (4%) studies across 2 wind projects (22%) that plan to use baited
remote underwater video (BRUV) methods to study structure-
oriented or large pelagic fish; and 1 (2%) plan view camera study
of scallops at a single wind project. Eight (12%) acoustic telemetry
studies across 6 (67%) wind projects were proposed that targeted
highly migratory species, lobsters, elasmobranchs, and other
demersal finfish such as summer flounder and black sea bass. All
acoustic telemetry studies involved fixed receiver arrays but two also
included data collected from an autonomous glider. Sediment
profile imaging/Plan View camera methods (SPI/PV) were the
most common method for studying soft bottom habitat function
(11 (67%) studies across 5 (56%) wind projects) including within
the array and along the cable route. Only 2 (3%) of these studies
planned to also collect physical sediment samples with a grab.
Neuston nets will be used to sample lobster larvae and other
planktonic organisms in 2 (22%) wind projects. The non-
extractive method of eDNA sampling is planned for 2 (22%)
wind projects. Gillnet, the least common method proposed for
studying the demersal fish community, was planned for 1
wind project.

Location

Of the N=67 studies, there were 7 (10%) studies proposed
along wind project export cables and 1 (2%) study proposed along
the inter-array cable (Supplemental Table S2). The remaining 59
(88%) studies focused on structures within the footprint of the
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Gear types used. The proportion of wind projects (N=9) that used each of the gear types proposed to examine (A) Fish and shellfish and (B) Benthic

habitat and/or benthic fauna.

wind project; 30 (45%) included comparisons with controls
located outside of the wind energy area. Some telemetry
projects noted that existing arrays located outside of the wind
project array would supplement their study (e.g., Bangley
et al., 2020).

Data types to be collected

Abundance, community composition, length, weight, and
reproductive status were the most common types of data planned
for collection for finfish while less common were diversity, species
richness, and diet composition of specific species (Supplemental

Frontiers in Marine Science

Table S3). Studies of lobsters frequently planned collect data on
carapace length, sex, egg status, v-notch status, cull status, and shell
disease incidence. For Jonah crab collecting data on carapace width,
ovigery, sex, shell disease incidence, cull status, and mortality data
were common objectives. Hard bottom habitat monitoring planned
to focus on measures of %cover; relative abundance of microbiota;
estimated biomass/biovolume; invasive species. Studies employing
acoustic telemetry aimed to collect data to characterize presence,
residency, movement, and in some instances connectivity among
lease areas. Dredge studies of shellfish focused on biomass, volume,
size, and age measurement.
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Baseline data collection. The proportion of project monitoring studies (N=67) proposing 0, 1, 2, or an unspecified number of years of baseline data

collection.

Month or season of sampling

The month or season of sampling varied among monitoring plan
goals and target species (Supplemental Table S3). Most studies of
fisheries resource species aimed to collect data when species were
expected to be present and/or when commercial fisheries for the target
species were most active. Several plans noted that particular months
would be avoided to minimize interactions with protected species.

Temporal Duration. Of the N=67 studies proposed, 11 (16%)
planned only a single year of baseline data collection (Figure 4;
Supplemental Table S3). Twenty-two (33%) planned 2 years of
baseline data collection, 25 (37%) planned baseline data collection
for an unspecified number of years. The remaining 9 studies were
only planned for the post construction time period.

Experimental design

Twenty-six (39%) of N=67 proposed studies proposed a before-
after-control-impact (BACI) design, 21 (31%) planned a before-
after-gradient (BAG) design, and 4 (6%) planned a hybrid BACI/
BAG approach (Supplemental Table S3) (Methratta, 2020). Six (9%)
proposed a Before-After study in the impact area with no control.
Seven (10%) proposed a post-construction study only in the impact
area with no control. There were 3 (4%) proposed studies that did
not have a clear experimental design stated or implied.

Statistical method for station selection

Random selection was the most common method for station
assignment (Supplemental Table S3). Several studies sought to
achieve a spatial balance by spatially gridding the study area and
randomly selecting a station within each grid cell. Systematic
random sampling was another method used to avoid areas with
set fishing gear. Stratification by habitat type was applied in some
instances to address spatial variability.

Frontiers in Marine Science

Comparability with regional assessments

Twenty-three (34%) of N=67 studies noted that they were using
methods consistent with another regional or state survey
(Supplemental Table S3). For example, trawl studies consistently
noted that they would follow the protocols of Northeast Area
Monitoring and Assessment Program (NEAMAP) while optical
studies of sea scallops and other shellfish noted that their study was
similar to other regional drop camera or HABCam studies (Bonzek
et al., 2017; Bethoney and Stokesbury, 2018; Coonamessett Farm,
2023). Another 11 (16%) noted that they were using similar
methods to those applied in another lease area. The one study
that planned to use a gillnet specifically noted that their results
would not be comparable to other regional datasets due differences
in catchability.

Comparable NOAA Fisheries scientific survey

Of the 44 studies targeting fisheries species, 36 (82%) have spatial
and temporal overlap with a comparable existing NOAA Fisheries
scientific surveys (Supplemental Table S4). Because the focus of the
studies is on comparing impacts within project areas, the majority do
not employ methods that provide comparable measurements to the
NOAA Fisheries surveys (Supplemental Table 54).

Provides for QA/QC’d data to be accessible and
readily available

The majority of studies presented no plan to share or make
accessible the QA/QC’d raw data collected in the study
(Supplemental Table S3). The one exception were acoustic
telemetry studies, most of which planned to share data with other
telemetry researchers on the ACT and/or MATOS networks
(Atlantic Cooperative Telemetry network, Mid-Atlantic Acoustic
Telemetry Observation System).
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Utility of the monitoring plan in
mitigating wind-derived impacts to
long-term surveys

Includes supplementing the NOAA
Fisheries survey as a stated objective

None of the proposed studies stated that supplementing NOAA
Fisheries scientific surveys was one of their objectives (Supplemental
Table S4).

Will be calibrated to an existing NOAA
Fisheries survey

None of the proposed studies indicated that the study would be
calibrated with an existing NOAA Fisheries scientific survey
(Supplemental Table S4).

Addresses preclusion

None of the proposed studies indicated that the study would
address the issue of sampling preclusion of the comparable NOAA
Fisheries scientific survey within the wind project (Supplemental
Table S5). Studies that describe the use of gear and methods
consistent with regional protocols, such as trawl studies that state
that Northeast Ecosystem Assessment and Monitoring Program
(NEAMAP) methods are employed, lack specificity of how the
study design employs these standards, e.g. gear and vessel
configuration; fish diet and condition methods; and relative to
NOAA Fisheries multi-species groundfish survey, none of the
proposed studies include sampling at night which contrasts with
federal trawl survey protocols.

Addresses impacts to statistical
survey design

None of the proposed studies indicated that the study would
address issues with the statistical survey design of the comparable
NOAA Fisheries scientific survey within the wind project
(Supplemental Table S5).

Addresses habitat change and responses to
habitat change

All (100%) of the 67 proposed studies intended to address either
habitat change or a biological response to habitat change caused by
wind development (Supplemental Tables S1-S3; S5). However,
study design issues reduce the likelihood that these studies will be
able to address this question. These issues include insufficient
baseline study duration (most proposed 0, 1, or 2 years),
experimental designs that utilize a control that is likely within the
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zone of impacts, and unknown statistical power for most of the
variables mentioned (although some studies conducted power
analyses for measures of abundance). In addition, no studies
indicated how the local-scale investigations proposed might
inform impacts of wind development for the lifetime of the wind
project or at the population level of the species studied.

Addresses practical sampling issues

None of the proposed studies indicated that they would address
practical sampling issues (e.g., increased transit time) due to wind
development (Supplemental Table S5).

Provides a functionally equivalent sample
to the comparable NOAA
Fisheries survey

The 2 (3%) drop camera studies proposed to study benthic
habitat and macroinvertebrate abundance and distribution have the
potential to provide a sample that is functionally equivalent to
the comparable NOAA Fisheries survey (Supplemental Table S5).
The remaining 65 (97%) studies will not be able to do so.

Discussion/conclusions

Project-level monitoring for offshore wind projects as currently
designed for the NES ecosystem will not yield information that can be
integrated into NOAA Fisheries scientific survey time series, nor are they
designed with that intention. Therefore, they cannot help to mitigate
scientific survey impacts from offshore wind development. In order for
data yielded by project-level studies to be used in stock assessments,
samples would need to be functionally equivalent to those collected by
the NOAA Fisheries survey of the same population. Achieving
functional equivalency for any of the surveys would be challenging
and time intensive, often taking 10+ years of comparison of the datasets
(Miller et al., 2010; ASMEC, 2020). For example, bottom trawl sampling
was proposed for nearly every offshore wind project. In every instance,
the plans noted that some or all of the protocols of the Northeast Area
Monitoring and Assessment Program (NEAMAP) would be followed.
Typically the studies emphasized matching such elements as gear type
(demersal otter trawl), net mesh size, gear deployment and haul
protocol, and sample handling with those of NEAMAP. Although this
is laudable from the perspective of maintaining regional consistency
among wind projects, unfortunately it does not ensure functional
equivalency with the NOAA Fisheries bottom trawl survey, which
means that those data cannot be automatically incorporated into
stock assessment models. The same challenge is faced by nearly all of
the project-level monitoring studies that are targeting species that are
also sampled by NOAA Fisheries surveys.

An exception may be the drop camera studies used to evaluate
abundance and other indices for sea scallops (Bethoney and
Stokesbury, 2018). This study methodology employs a systematic
grid design with samples collected at regular spatial intervals that
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are at equal distances from each other. Originally designed by the
University of Massachusetts School of Marine Science and
Technology (SMAST) in collaboration with commercial scallop
fishermen, information collected by the SMAST survey has been
incorporated into scallop stock assessment through the Stock
Assessment Workshop process) (e.g., NEFSC, 2018).

The provision of scientific advice to inform fisheries
management decisions is underpinned by population assessments
developed with acceptable levels of accuracy and precision. The
fisheries independent data collections undertaken by NOAA
Fisheries each year provide unbiased data that are used in the
calculation of biological indices for stock assessment purposes. The
tremendous strength of NOAA Fisheries scientific surveys is rooted
in their long-term spatial and temporal consistency in method and
execution which includes rigorous statistical survey designs that are
individualized for the taxa, species, or habitats that they are
designed to sample. The development of offshore wind will
disrupt the collection of data for every NOAA Fisheries survey
and will thus create spatial and temporal gaps in every data set it
collects. Fishery independent surveys are designed to provide
essential, unbiased data for stock assessments, including indices of
abundance, size and age composition, growth rates, and additional
life history parameters (Lynch et al., 2018). Loss of accessible areas
will have the knock-on effect of introducing bias into the
assessments, with the potential for an index to deviate from the
true trend if a species does not have a uniform distribution across
the entire area. For example, structure-oriented species attracted to
offshore developments may become unavailable to the survey. This
would cause the index of abundance to artificially decrease, with the
stock appearing to decline in the assessment. Some species also
exhibit age-specific habitat preference (Macpherson and Duarte,
1991; Swain, 1993; Methratta and Link, 2007; Pappal et al., 2012),
with individuals moving shallower or becoming less structure-
oriented as they grow. The potential exists for an assessment to
interpret the absence of certain ages as age-specific mortality, which
could be attributed to recruitment failure or age truncation. This
will also have a direct impact on many forms of Biological Reference
Point (BRP), which is a measure of stock status that reflects the
combination of several components of stock dynamics (growth,
recruitment and mortality, fishing mortality) into a single index.
The severity of these impacts on the accurate, timely, and precise
assessments of stock condition will vary by stock due to specified
stock assessment methods and their sensitivity to changes in
sampling methods and potential interactions of offshore wind
impact producing factors on stock attributes. However,
identifying approaches that could potentially fill these gaps is
essential to being able to provide fisheries managers with valid
scientific advice. So what potential solutions might be considered?

For some population assessments, it may still be necessary to
physically sample inside of wind projects to collect the necessary
data, including for stocks where there is a likelihood that variance
structure inside wind energy development areas may differ from
outside of wind energy areas (e.g., Reubens et al.,, 2013; Roach et al.,
2022). Given the amount of time to evaluate functional equivalency,
it would be prudent to initiate a process by which samples that are
functionally equivalent to long term surveys could be collected (e.g.,
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Miller et al., 2010; ASMFC, 2020). In addition to deriving estimates
of abundance, NOAA Fisheries surveys collect biological samples to
provide essential data on population growth, reproduction, and age
structure, among other information (e.g., bottom trawl survey,
Azarorvitz et al,, 1981). To provide relevant data, study design
within a project should aim to supplement the existing NOAA
Fisheries surveys for all data types, not only provide a replacement
abundance value for stations precluded by the development of the
project. It will be essential to monitor growth and reproductive rates
of structure-oriented species, such as black sea bass (Bacheler and
Ballenger, 2016), for the life of the project as these vital population
rates may differ significantly between habitats.

For other populations, estimation modeling methods may
provide an alternative approach to developing biological indices
in areas that cannot be sampled by existing long term surveys (e.g.,
Thorson et al., 2019). Applying such methods with a high level of
statistical validity and reliability would require making a set of
assumptions about how populations respond to habitat change in
the zone of impact of wind development compared to areas outside
the zone of impact, how these changes vary over space, and how
these patterns change through time. Project-level monitoring aimed
at validating these assumptions, could provide a path toward
understanding regional changes in population status.

The vast majority of project-level monitoring studies aim to
address one fundamental question: what effect will offshore wind
development have on response metrics of a target species?
Successfully addressing this question is an essential part of being
able to validate the assumptions regarding how populations
respond to wind-derived habitat change. Whether or not this
question can be answered by the studies proposed will depend on
whether sufficient baseline data are collected, whether a suitable
experimental design and methodology are planned, and whether the
study possesses sufficient statistical power to detect a change. The
NES ecosystem is a dynamic system under multiple pressures
including climate change and fishing (Nye et al., 2009; Hare et al.,
2016). Given underlying trends, the ability to distinguish offshore
wind impacts from existing patterns of variability will require a
robust understanding of baseline conditions. In order to evaluate
inter-annual variability in the baseline state, at least 3-5 years of
data would be needed which is greater than the 0-2 years proposed
by most studies. Three to five years may still not be sufficient to
adequately assess baseline temporal variability (e.g., Willsteed et al.,
2018a; Willsteed et al., 2018b), but would provide a minimal view of
the temporal sampling distribution. Post construction study
duration is another key element of study design given that the
longest running studies from European wind energy areas have
reported new and significant effects more than 9 years since
operations began (e.g., Buyse et al., 2022; Degraer et al,, 2021). In
the U.S., Wilber et al. (2022) reported an increase in structure
oriented species such as Atlantic cod (Gadus morhua) and black sea
bass following installation, but understanding how these effects
change over time and whether these impacts convey population-
level effects will require studies that span the lifetime for the wind
project. Studies employing control sites are also vexed by the
challenge of finding control sites that have sufficiently similar
habitat conditions as the impact site but are outside the potential
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zone impacts of wind development which may extend 10s-100s of
km (Popper and Hawkins, 2019; Christiansen et al., 2022; Daewel
et al,, 2022). Power analysis was a common tool employed in the
study design to assess the number of samples needed to detect a
change; typically power is only analyzed for measures of abundance
so it remains uncertain whether the sample size chosen will be
sufficient to detect changes in other metrics important in describing
fisheries resource populations. Many of the proposed studies would
require some modification to reduce the uncertainty in their ability
to detect changes caused by wind development.

Toward mitigating the impacts of offshore wind development
on long term scientific surveys, we make the following
recommendations: 1) Advance the actions outlined in the BOEM
and NOAA Survey Mitigation Strategy which includes evaluating
how project-level monitoring may contribute to mitigating impacts
to long term scientific surveys and developing regional monitoring
standards (Hare et al., 2022); 2) Coordinate with scientists at NOAA
Fisheries early on when developing monitoring plans to discuss
methodologies and best practices; 3) For each study, clarify whether
the study is designed to address project-level changes (local
variation) and whether they are designed to collect functionally
equivalent samples (abundance and biological) to ensure proper
management of fishery resources at the population level; 4) Align
sampling methodologies with studies within the region studying the
same target taxa, species, or habitat (e.g., sampling gear; sampling
protocols; handling of samples; measurements made, etc.); 5)
Extend the temporal sampling frame to at least 3-5 years of
baseline data; after construction, conduct sampling for the
lifetime of the project; 6) Design experiments that can provide
information that informs our understanding of how populations
respond to habitat change caused by wind development and that
can validate the assumptions of estimation models for biological
indices for areas that will no longer be sampled by NOAA Fisheries
surveys; and 7) Provide ready access to raw QA/QC’d data files.
These recommendations are applicable in the U.S. and are also
relevant in other countries where similar issues are occurring.
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