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Abstract

This study compiles and analyzes existing data on benthic habitats in regional waters greater than

60 meters (m) deep off New York that may be sensitive to offshore wind development. Geospatial

data were mapped to assess risk within the Area of Analysis (AoA) to three biological benthic groups
(receptors): deep-sea corals, deep-sea sponges, and sea pens, and one physical receptor containing a
combined ranking of hard-bottom likelihood. The findings suggest that the AoA is home to many
infaunal and epifaunal species, including sensitive assemblages of deep sea corals and deep sea sponges.
Significant clustering of biological receptors occurs where hard-bottom substrate is present, along with
high currents and significant depth gradients that interact with highly variable topography. However,
biological benthic data for selected receptors are not available for large areas of the AoA, with little

to no data available for large areas in waters deeper than 2,000 meters. For this reason, the hard bottom
likelihood physical receptor was included to assess impacts benthic habitat in areas where biological
data are sparse or unknown. The study also evaluated potential impacts to benthic habitats from
offshore wind development by phase (pre-construction, construction, post-construction ((operation))
and decommissioning) based on a systematic literature review. Study considerations include establishing
environmental and ecological baselines and future monitoring of benthic receptor groups to establish
ongoing ecosystem impacts from offshore wind development. Closing data gaps for data poor areas

by direct exploration can also add to the understanding of benthic habitat and species in the AoA.
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Executive Summary

In 2019, New York’s historic Climate Leadership and Community Protection Act (Climate Act)

was signed into law, requiring the State to achieve 100% zero-emission electricity by 2040 and to
reduce greenhouse gas emissions 85% below 1990 levels by 2050. The law specifically mandates the
development of 9,000 megawatts (MW) of offshore wind energy by 2035, building upon its previous
goal of 2,400 MW of offshore wind energy by 2030. The New York State Energy Research and
Development Authority (NYSERDA) is charged with advancing these goals.

Since the early 2000s, offshore wind development off New York’s coast has advanced in relatively
shallow areas in the New York Bight, on the Outer Continental Shelf (OCS). As offshore wind (OSW)
development continues to mature and offshore wind leases are developed in deeper waters, the size and
type of the offshore wind components are likewise expected to grow, and the project footprint will change
as the use of floating OSW technology begins to be deployed. This may result in changes in the types

of potential effects and interactions seen to date for fixed-bottom offshore wind projects. NYSERDA is
conducting studies to investigate the implications of developing floating offshore wind in deeper waters.
Findings from the studies will be used to support the identification of areas that present the greatest
opportunities and least risk for siting deepwater offshore wind projects, and other workstreams

designed to help assure the continued responsible siting and development of offshore wind energy.

Five desktop environmental studies compile and analyze existing data on resources in the Area of
Analysis (AoA) that may be sensitive to OSW development. Three zones comprise the AoA: Zone 1
is on the outer continental shelf (60—150 meters deep), Zone 2 is at the shelf break (150-2,000 meters
deep), and Zone 3 includes the area beyond the shelf break (2,000-3,000 meters deep).

For this Benthic Study, the most up-to-date, readily available data were used to document the presence

of benthic resources and to evaluate risk. Data selected for use in the geospatial sensitivity contained three
biological benthic groups (receptors): deep-sea corals (all taxa), deep-sea sponges, and sea pens, and one
physical receptor containing a combined ranking of hard bottom likelihood. The distribution and density
of each receptor has been mapped within the AoA. Additionally, potential impacts to benthic habitats
from OSW (pre-construction, construction, post-construction [operation] and decommissioning) were

evaluated based on a systematic literature review.
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At least 47 distinct species of corals were identified in the AoA, with significant clustering occurring
along the complex topography of the slope in Zone 2. Glass sponges are most abundant in the AoA

and demosponges are the most diverse. Corals and sponge density is highest where hardbottom substrate
is present, along with high currents and significant depth gradients that interact with highly variable
topography. At least 17 species of sea pens are present within the AoA, and their presence is most
common in the shelf break in Zone 2. Sea pens along with corals are also present near the head of
Hudson Canyon in Zone 1. However, biological benthic data for selected receptors are not available

for large areas of the AoA, with little to no data available for large areas of Zone 3.

Study considerations include establishing environmental and ecological baselines for benthic
receptor groups and sustained monitoring to establish ongoing ecosystem impacts from OSW.
Closing data gaps is also recommended by collecting high-resolution habitat mapping and field
verification; enhancing geophysical data collection, including consistent processing of backscatter
data and inclusion of sub-surface data; and sharing and standardizing geomorphic and sediment

data collected by developers. Distinct features of Zone 2 aligned with high likelihood of hard bottom
substrates and higher presence of vulnerable marine ecosystems and their highly sensitive nature

to disturbance should be considered as areas to avoid for deepwater OSW.

Additionally, direct exploration is recommended to understand the risks more comprehensively

to benthic habitat and biological communities from OSW development, particularly in the case of
deepwater development as the associated technologies are in their infancy. Experimental assessment
of the response of benthic receptors to major impact-producing factors or direct studies in developed

areas is recommended.
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1 Introduction

For more than a decade, New York State has been conducting research, analysis, and outreach to

evaluate the potential for offshore wind energy. New York State Energy Research and Development
Authority (NYSERDA) led the development of the New York State Offshore Wind Master Plan (Master
Plan), a comprehensive roadmap and suite of more than 20 studies for the first 2,400 megawatts (MW) of
offshore wind energy. The Master Plan encourages the development of offshore wind in a manner that is
sensitive to environmental, maritime, economic, and social issues while addressing market barriers and
aiming to lower costs. The Master Plan included spatial studies to inform siting of offshore wind energy
areas. Now, NYSERDA is undertaking new spatial studies to review the feasible potential for deepwater
offshore wind development at or exceeding depths of 60 meters in the New York Bight and to support

the future identification of additional lease areas in the region.

Planning processes considering the development of offshore wind in the deepwater areas examined
in each of NYSERDA'’s spatial studies must consider these studies in the context of one another.
Decision making must additionally consider different stakeholders and uses and will require further
adjusted approaches and offshore wind technologies to ensure the best outcome. Globally, deepwater
wind technology is less mature and primarily concentrated on floating designs at the depth ranges
being assessed through these spatial studies, while deepwater fixed foundations are at their upper
technical limit within the Area of Analysis (AoA). Therefore, floating designs were predominantly
considered since most, if not all, of the AoA would likely feature floating offshore wind. NYSERDA,
along with other states and federal agencies, is developing research and analysis necessary to take
advantage of opportunities afforded by deepwater offshore wind energy by assessing available and
emerging technologies and characterizing the cost drivers, benefits, and risks of floating offshore
wind. Findings from these studies and available datasets will be used to support the identification of

areas that present the greatest opportunities and least risk for siting deepwater offshore wind projects.

Offshore wind energy development is being introduced into a highly dynamic and human-influenced
system. These reports seek to better understand the potential interaction of offshore wind development
and marine wildlife and habitats; however, it is important to consider these within the broader context
of climate change and existing land-based and marine activities. The State will continue to conduct
research through its established Technical Working Groups (TWGs) concerning the key subjects of
fishing, maritime commerce, the environment, environmental justice, jobs, and the supply chain. These

TWGs were designed to inject expert views and the most recent information into decision making,.



Taken together, the information assembled in these spatial studies will help empower New York State
and its partners to take the informed steps needed to capitalize on the unique opportunity presented by

offshore wind energy.

1.1  Spatial Studies to Inform Lease Siting

e  Benthic Habitat Study

e  Birds and Bats Study

e Deepwater Wind Technologies — Technical Concepts Study

e  Environmental Sensitivity Analysis

e  Fish and Fisheries Data Aggregation Study

e  Marine Mammals and Sea Turtles Study

e  Maritime Assessment — Commercial and Recreational Uses Study
o  Offshore Wind Resource Assessment Study Zones 1 and 3

e  Technology Assessment and Cost Considerations Study

Each of the studies was prepared in support of a larger planning effort and shared with relevant experts
and stakeholders for feedback. The State addressed comments and incorporated feedback received into
the studies. Feedback from these diverse groups helps to strengthen the studies, and also helps ensure
that these work products will have broader applicability and a comprehensive view. Please note that
assumptions have been made to estimate offshore wind potential and impacts in various methodologies
across the studies. NYSERDA does not necessarily endorse any underlying assumptions in the studies
regarding technology and geography including but not limited to turbine location, turbine layout, project

capacity, foundation type, and point of interconnection.

The Energy Policy Act of 2005 amended Section 8 of the Outer Continental Shelf Lands Act (OCSLA)
to give BOEM the authority to identify OSW sites within the Outer Continental Shelf (OCS) and to
issue leases on the OCS for activities that are not otherwise authorized by the OCSLA, including wind
development. The State recognizes that all development in the OCS is subject to review processes and
decision-making by BOEM and other federal and State agencies. This collection of spatial studies is
not intended to replace the BOEM wind energy area identification process and does not commit the
State or any other agency or entity to any specific course of action with respect to offshore wind
energy development. Rather, the State’s intent is to facilitate the principled planning of future offshore
development off the New York coast, provide a resource for the various stakeholders, and encourage

the achievement of the State’s offshore wind energy goals.



1.2 Study Area

The spatial studies will evaluate potential areas for deepwater OSW within a specific geographic area

of analysis (AoA) of approximately 35,670 square miles of ocean area, extending from the coast of Cape
Cod south to the southern end of the New Jersey (Figure 1). It includes three zones extending outward
from the 60-meter depth contour, which ranges between 15 and 50 nautical miles from shore to the

3,000-meter contour, which ranges from 140 to 160 nautical miles from shore.

Figure 1. Area of Analysis
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The eastern edge of the AoA avoids Nantucket Shoals and portions of Georges Bank, since those areas
are well known to be biologically and ecologically important for fish and wildlife, fisheries, and maritime
activity. The AoA does include areas such as the Hudson Canyon, which is under consideration to be

designated as a National Marine Sanctuary, and thus would not likely be suitable for BOEM site leases.



Due to this designation, more specific analysis and coordination with BOEM in this area is required.
While OSW infrastructure will not be built across the entire AoA, the spatial studies analyze this

broad expanse to provide a regional context for these resources and ocean uses.

e  Zone 1 is closest to shore and includes a portion of the OCS. It extends from the 60-meter
contour out to the continental shelf break (60 meters [197 feet] to 150 meters [492 feet]
deep). Zone 1 is approximately 12,040 square miles.

e  Zone 2 spans the steeply sloped continental shelf break, with unique canyon geology and
habitats (150 meters [492 feet] to 2,000 meters [6,561 feet] deep). Zone 2 is approximately
6,830 square miles.

e  Zone 3 extends from the continental shelf break out to 3,000 meters (9,842 feet) depth.
Zone 3 is approximately 16,800 square miles.

Zone 2, stretching across the steeply sloped continental shelf break with its distinctive canyon
geology and unique habitats, is unlikely to host offshore wind turbines, but is still likely to be
impacted by offshore wind development activities through maritime traffic and/or cabling and
was therefore included in this study. The underwater canyons in this region are distinctive and
ecologically significant, making Zone 2 an area of particular interest for scientific research,
conservation efforts, and fish and benthic habitats. Another crucial factor prompting this analysis
is the presence of electrical cabling in the area, which can have several environmental implications,
including electromagnetic fields that might disrupt marine life and the physical disturbance of the
seafloor during installation. Lastly, maritime vessel activities throughout the zone could involve
shipping traffic, fishing, and other recreational activities related to the sea which can introduce
pollutants, noise, and physical disturbances, such as vessel strikes that may have adverse effects

on the surrounding environment.

1.3 Study Objectives
This Benthic Habitat Study aims to do the following:

1. Compile and synthesize the best available data on benthic habitat and benthic species
of importance within the AoA.
2. Discuss gaps in data and provide recommendations on how to close data gaps.
3. Review and summarize existing literature on the potential impacts of each phase
of deepwater OSW on benthic habitat.
4. Provide guidelines on best practices for avoiding, minimizing, and mitigating impacts
to benthic habitats from deepwater OSW.
5. Describe areas of greatest risk to benthic habitats from deepwater OSW development.
6. Discuss data gaps and uncertainties, as well as potential recommendations for future actions.



This study focuses on benthic habitats and resources in the AoA. Section 1 describes the study area and
study objectives, and the involvement of stakeholders in the development of this study. Section 2 presents
the biological and physical benthic data as well as the resource management areas and anthropogenic
benthic constraints identified in the AoA. Section 3 discusses the potential stressors associated with each
phase of deepwater OSW and how they may affect benthic habitat. As deepwater wind infrastructure has
a larger footprint than fixed-bottom wind farms and interact with the marine environment differently, this
section provides details on the potential environmental risks posed from deepwater wind infrastructure
section 4 discusses the existing guidance for impact avoidance, minimization, and mitigation to benthic

receptors and habitat. Finally, section 5 summarizes current knowledge gaps, and future considerations.

This study is one of a series of environmental desktop studies that synthesize available and relevant
existing data sets on four key resources groups: marine mammals and sea turtles, birds and bats, fish and
fisheries, and benthic habitats. Each of these studies leverages information developed for the New York
Offshore Wind Master Plan and expands on the type of habitat and species within the AoA that are found
in deep water and identifies potential stressors from different phases of OSW to each resource group, with
a focus on deepwater technology. A fifth study builds upon and compiles the results from the four studies
into a single environmental sensitivity analysis and presents a series of maps showing areas of greatest

risk from OSW.

1.4 Regulatory Framework

The OCSLA (43 United States Code [U.S.C.] §1331 et seq.) defined submerged lands under federal
jurisdiction as the OCS and assigned authority for leasing to the Secretary of the Interior. In 2005,

the Energy Policy Act (42 U.S.C. §13201 et seq.) amended the OCSLA to clarify uncertainties about
OSW and granted development authority to the Secretary of the Interior. The BOEM Office of
Renewable Energy Programs facilitates the responsible development of renewable energy resources

on the OCS. These regulations provide a framework for issuing leases, easements and rights-of-way

for OCS activities that support production and transmission of energy from sources other than oil and
natural gas. BOEM is currently in the planning and analysis phase of identifying deepwater WEAs off
of New York and New Jersey. This phase is to collect information, reduce potential conflicts of use, and
identify areas that are potentially suitable for lease sale. BOEM conducts an environmental assessment

once the WEA is established.



The Magnuson-Stevens Fishery Conservation and Management Act’s 1996 Sustainable Fisheries
Amendment requires protection of Essential Fish Habitat (EFH) for federally managed marine and
anadromous fish. Many benthic habitats described within this study are regulated under EFH. Prior
to development, activities that have the potential to adversely affect areas designated as EFH will
require consultation with National Oceanic and Atmospheric Administration (NOAA) Fisheries. A
more detailed description of the fish species managed under the EFH regulation can be found in the

Fish and Fisheries Data Aggregation Study (NYSERDA, 2025).

NOAA has designated much of Zone 2 and Zone 3 as The Frank R. Lautenberg Deep-Sea Coral
Protection Area that includes discrete deep-sea coral protection zones and a broad deep-sea coral

zone, see section 2.5. NOAA consultation will be required if development in this area is undertaken.

The NOAA Office of National Marine Sanctuaries is in the early stages of designation of a sanctuary

for Hudson Canyon. After the site is designated, it will have its own sanctuary-specific regulations and
management criteria. However, all sanctuaries prohibit construction on or alteration of the seabed, so it
is likely OSW would not be allowed inside the sanctuary boundary once it is delineated. See section 2.5

for the approximate boundary for this proposed Marine Sanctuary.

1.5 Agency and Stakeholder Engagement

NYSERDA is committed to engaging with and incorporating stakeholder feedback in offshore wind
planning processes. Stakeholder comments from the Master Plan have been incorporated into this study,
as practical. State agency partners were engaged in the development and review of this study, consisting
of: New York State Department of State, New York State Office of Parks, Recreation, and Historic
Preservation, New York State Department of Transportation, Empire State Development, New York
Department of Public Service, New York State Office of General Services, New York State Department

of Labor, and New York State Department of Environmental Conservation.

To involve stakeholders in the development and analysis of this study, two stakeholder groups
have been consulted. A Project Advisory Committee (PAC), including subject matter experts (SMEs)
from State, federal, non-governmental groups and developers have been involved in assisting with the

identification of data sources and sensitivity receptors, and have provided comments on the draft study.



Prior to the development of this study, information was shared with the Benthic Habitat PAC and
conference calls occurred to discuss technical details of this study as well as data and ranking criteria
used the Environmental Sensitivity Analysis (NYSERDA, 2025). Conference call dates for the Benthic
Habitats PAC were on May 24 and June 15, 2023.

Additionally, NYSERDA’s Environmental Technical Working Group (E-TWG) contributed to a
preliminary list of data sources used in the development of this study and provided comments on
the draft study. A kickoff call with the E-TWG was held on March 9, 2023. On this call the team
was introduced to the E-TWG and the approach for each study was presented.

The State provided a first draft of this study for review to State and federal regulators, TWGs, and
other stakeholders on July 28, 2023, and afforded these stakeholders the opportunity to submit written

comments on the draft’s contents.

Comments received on the draft study included requests for more detail on potential impacts from
particular stressors, such as cable protection and armoring, removal and relocation of boulders,
high-voltage direct current operations and others. Additional spatial data were suggested as well as
additional literature documenting potential stressor impacts or receptor responses. These data and
references were incorporated, as practical, throughout the final study. A new section has been included,
based on stakeholder feedback that includes the types of technologies expected in each zone and

how those potential technologies may affect benthic resources within.



2 Overview of Benthic Data within the Areas
of Analysis

21 Desktop Study Methods

A detailed desktop data review to obtain spatial data was conducted on regional data portals (e.g.,
Northeast Ocean Data Portal), from federal and State agency-specific data providers (e.g., National
Oceanic and Atmospheric Administration [NOAA], U.S. Geological Survey [USGS], U.S. Coast Guard
[USCG], and NYSERDA), and from other known regional data providers (e.g., The Nature Conservancy
[TNC], the Ocean Biogeographic Information System [OBIS]). Benthic spatial data were searched
throughout and near the AoA across five topical categories, as outlined in Table 1. Readily available
data were included in the resultant data source list and database. Appendix A provides a complete list

of data sets, sources, and citations indicated in this study and why they have been included. Each

noteworthy topical category and distributions within the AoA are discussed within this section.

Table 1. Benthic Spatial Data Search Categories

Category Examples
Geophysical Multibeam echosounder bathymetry and backscatter; side-scan sonar; geoforms.
Sediment Sediment type (grain size, CMECS substrate classification).
Biodiversity/Habitat Suitability Metrics on presence and/or distribution of sensitive, threatened, and endangered

species; designated essential fish habitat and habitat areas of particular concern.

Resource Management Areas Areas designated to prohibit or restrict fisheries-related seafloor disturbance
activities to protect seafloor habitats and demersal species.

Anthropogenic Benthic Constraints Charted submarine cables; disposal areas; unexploded ordnance; shipwrecks.

2.2 Selection of Benthic Receptors

Organisms that inhabit the benthic habitats of the AoA are typically divided into infaunal species, those
living in the sediments (e.g., polychaetes, amphipods, bivalves), and epifaunal species, those living on
the seafloor surface (mobile, e.g., sea stars, sand dollars, sandshrimp, crabs, lobsters, isopods, gastropods)
or attached to substrates (sessile, e.g., barnacles, anemones, tunicates) (see extensive sampling reports

for the larger North East Large Marine Ecosystem — Steimle, 1990; Theroux and Wigley, 1998). Benthic
community assemblages and their associated ecological functions vary spatially across the Northwest
Atlantic and, specifically, the AoA (Theroux and Wigley 1998), with sediment grain size distribution
influencing benthic community distributions, which can be used to infer likely presence of benthic

taxa across environments.




While shifts in benthic community assemblages and particular taxa abundances from year-to-year

and seasonally have been observed, the benthic habitat and ecological functioning of the benthic
community is generally stable within the AoA (Steimle 1990). Specific sensitive taxa found within

the region, including deep-sea corals and deep-sea sponges, are generally long-lived and sessile, with
their distributions and presence not strongly influenced by seasonality (Packer et al. 2017). Benthic
epifaunal assemblages provide important ecosystem functions (Biles et al. 2002; Waldbusser et al. 2004),
serving as critical trophic links between plankton and higher-order consumers, including managed and
commercially important species. In the deep-sea, benthic assemblages, such as reefs, can enhance

local biodiversity and biomass relative to surrounding areas across multiple scales including microbial,
macrofaunal, and megafaunal assemblages (Schéttner et al. 2009; Lessard-Pilon et al. 2010; Demopoulos

et al. 2014; Pierdomenico et al. 2017).

Benthic organisms, particularly attached epifauna and emergent infauna, add complexity to the seafloor,
providing structural biogenic habitat for other species (Bradshaw et al. 2003; Henry et al. 2010). Greater
structural complexity in the deep sea is associated with higher abundance in associated species, such

as fish (Soffker et al. 2011), and serves as an essential habitat that offers attachment, shelter, feeding

and other benefits at depths where food supply and geological substrate complexity generally decline
(Buhl-Mortensen et al. 2010). For example, some deep-sea benthic communities provide essential habitat
for fish (defined as Essential Fish Habitat or EFH), with research expeditions identifying 16 (Le Guilloux
et al. 2009) to 30 (Soffker et al. 2011) unique taxa of deep-sea fish to be associated with benthic
communities. In addition, catch size as well as sizes of individual fish within reef communities have
been found to be greater than in non-reef areas (Husebg et al. 2002). Associated benthic infaunal
assemblages also serve important roles, through nutrient and carbon cycling in the sediments through
water filtration, biodeposition, bioirrigation, and bioturbation (Griffiths et al. 2017). Attached epifaunal
communities that may be sensitive to impacts from deepwater OSW have been identified as receptors

for the sensitivity analysis to be conducted as part of the suite of spatial studies.

Four groups of benthic receptors have been defined in this study, (1) deep-sea corals, also referred

to as cold-water corals; (2) deep-sea sponges; (3) sea pens; and (4) hard grounds. Although sea pens

are now included under the taxonomic umbrella of Scleralcyonacea (McFadden et al. 2022), they

have been retained within this study as a separate receptor category from other deep-sea corals based

on distinctive morphological traits and habitat type (soft bottom). These receptor groups are foundational
to the physical and biological habitats that underpin communities, sustain elevated local biodiversity,

and drive ecosystem function (Ramirez-Llodra et al. 2010; Thurber et al. 2014). As structurally complex



habitats, they have high-conservation and management value as loss of structure can have significant
and long-lasting impacts (Danovaro et al. 2008; 2020), especially in deeper waters where food supplies
are generally limited and organismal growth rates are low (Auster et al. 2011). These habitats are under
increased pressure as humans seek to exploit marine habitats for resources, including benthic habitats

in deeper waters (Clark et al., 2016; Davies et al., 2007; Danovaro et al. 2017). However, scientific
understanding of their distributions, ecology, and ecosystem function remains exceptionally limited,
impeding their effective conservation and management (Morato et al. 2018). One mechanism that has
become widely used is the concept of vulnerable marine ecosystems (VMESs), proposed by the UN
General Assembly (UNGA) in 2006 and by the Food and Agriculture Organization (FAO) in 2009,

for the purpose of identifying essential biological habitats that need to be protected against threats

from destructive fishing practices (UNGA 2006; FAO 2009). The FAO (2009) defined VMEs using five
criteria: (1) uniqueness or rareness, (2) functional significance of the habitat, (3) fragility, (4) life-history
of species that makes recovery difficult, and (5) structural complexity. All biological receptors proposed
in this review are classified as VME indicator species. While the definition of VME has been applied to
ecosystems present on the “high seas,” VMEs are widespread within many exclusive economic zones
(EEZ), including the United States. The use of VME criteria has also extended beyond fishing to a variety
of other anthropogenic impacts. Many VME:s also provide EFH, although commercially important fish
species are covered in Fish and Fisheries Data Aggregation Study (NYSERDA, 2025), EFHs extend to

benthic habitats, such as the receptor groups utilized in this study.

2.2.1 Biological Receptor Methods

To determine the distribution of these species groups within the AoA, organism occurrence data was
aggregated from the NOAA Deep-sea Coral Research and Technology Program’s (DSCRTP) deep-sea
coral and sponge database (NOAA 2016) and the Ocean Biodiversity Information System’s species
occurrence data set (OBIS 2023). These two data sets represent a significant aggregation of species
occurrences within the region of interest. Specifically, the NOAA deep-sea coral and sponge database

is a comprehensive, standardized and quality-controlled resource focused entirely on those species groups
with a depth minimum of 50 meters (m). The database integrates linear (trawl and transect) and point
(single point observations) from all azooxanthellate corals and all sponge species. OBIS data did not
have such species group curation, rather this database aggregates all species, providing the species

names are valid and the data record itself meets the minimum required fields. Hence, in the present
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study, NOAA records are considered as a curated data source and take priority over OBIS records when
developing benthic receptor layers. Data sets included historical (pre-1990) records, some of which had
reported locational accuracy greater than 1,000 m. However, those with low reported locational accuracy

represent less than 1% of the total records.

Records from both data sources with taxonomic accuracy to at least the family level were obtained
within a 25 km buffer region around the boundary. This boundary was used to reduce edge

effects in statistical analysis and development of the benthic receptor layers, and also to ensure that
any occurrences outside of the AoA that may be affected by impacts that can disperse over large
distances are noted. These data were filtered to include only benthic functional groups as listed
within the World Register of Marine Species (WoRMS). For the OBIS data set, which includes all
available phyla, this was performed using the “robis” R package and the “get worms_fgrp” function
(https://github.com/tomjwebb/WoRMS-functional-groups) that matches functional groups to species
level unique AphialDs from WoRMS. All AphialDs with benthic life stages were matched to the
AphialDs of the OBIS data set. For the NOAA data set, all records of coral, sponge, and sea pens
were retained while those identified as any other group were removed. These records were merged
to a single data set, with any duplicate records between the two data sources identified. In the event
of duplicate records, the record sourced from NOAA was retained over the duplicate OBIS record. It
is important to note that these layers are presence only, thus absence of points does not necessarily
reflect absence of benthic receptors. Further, these layers are not a direct representation of sampling
effort, and it is likely that there are further private or undocumented surveys in the region that are not

captured by the data sets.

The combined data set was then further refined to only include benthic receptor species groups
(deep-sea corals, deep-sea sponges and sea pens). All cnidarians in the orders Scleralcyonacea,
Malalcyonacea, Scleractinia, Antipatharia, and all poriferans in the classes of Demospongiae,
Hexactinellida, and Calcarea were retained. Vernacular name categories were assigned to all
records based on those that were intrinsic to the NOAA data set, including term names such as

99 ¢

“stony coral (branching),” “demosponge,” “sea pen,” etc. Any records which did not have intrinsic
vernacular name categories (e.g., OBIS-sourced records that did not have an exact scientific name
match to any records in the NOAA data set) were cross-referenced to the WoRMS database and/or

morphological and taxonomic criteria and assigned the best matching existing vernacular name
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category. A kernel density estimate (KDE) was conducted using a grid size of 10 x 10 km and a
bandwidth of 25 km for each specific benthic receptor as well as a combined estimate of receptor
presence. Maps and descriptions of occurrence records and occurrence intensity are provided in
section 2; however, these occurrences do not necessarily imply absence of receptor species, but

rather documented presence without true sampling effort estimates.

2.2.2 Physical Receptor Methods

Because many biological taxa that are most vulnerable to offshore wind development live on stable
hard bottom habitats, predicted likelihood of hard bottom was used as the physical habitat receptor for
the sensitivity analysis. Three data sets were combined to create a single data layer: (1) a quantitative
prediction of mean hard bottom likelihood with coverage of most of the southern portion of Zones 1
and 2 of the AoA (Battista, 2019), and two fill the remaining gaps in the AoA, (2) seabed forms (TNC
2010, updated 2020) in Zone 2 where there is good correspondence to likely hard bottom substrates,
and (3) interpolated soft sediment data (TNC 2010, updated 2020) in all other locations. A nominal
ranking from least to most likely to have hard bottom substrates was applied to the latter two using

best professional judgment.

2.3 Biological Benthic Data

The AoA for the spatial studies contains a substantial number of potentially sensitive benthic receptors,
with 12,055 receptor occurrence records collated within the boundary of the AoA. Zone 2 hosts the
largest number of occurrences with 10,436 records (Figure 2 and Table 2) with significant clustering
along the complex topography of the slope that transects across Zone 2 (Figure 3). The following sections
review the biological benthic receptor groups proposed with a focus on providing basic descriptions and
an overview of their distribution patterns within the AoA. The deep ocean is widely acknowledged as

the least explored and understood of all marine habitats on earth (Ramirez-Llodra et al. 2010). Complete
knowledge of species distributions, abundance, biomass, and responses to anthropogenic impacts (ranging
from direct human contact to climate change) is lacking, which in turn poses challenges to conserve and
manage these species in areas where human impacts overlap (Gros et al. 2022; Clark et al. 2016). Many
studies point to the exceptional vulnerability of habitat-provisioning benthic species, where their loss or
damage at a habitat scale can significantly impact the local ecosystem, effectively causing high levels

of biodiversity loss and reduction in ecosystem function (Huvenne et al. 2016; Pham et al. 2019).
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Figure 2. Occurrence Records for All Biological Receptors Found within the Area of Analysis and
Surrounding 25 kilometer Buffer

Source: NOAA Deep-Sea Coral Research and Technology Program (NOAA DSCRTP) and Ocean Biodiversity Information Systems (OBIS).
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Figure 3. Kernel Density Estimation of Occurrence Data for All Biological Receptors
within the Area of Analysis
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Table 2. Benthic Spatial Data Search Categories

Abundance (Abun) of records is provided along with minimum species richness (SR) estimates, based
on the number of distinct species names (this number does not reflect records that had taxonomic
accuracy other than species level).

Corals Sponges Sea Pens All Receptors
Zone Abun. SR Abun. SR Abun. SR Abun. SR
Zone 1 194 4 63 7 294 16 551 27
Zone 2 8,493 36 939 21 1,004 73 10,436 130
Zone 3 597 21 56 3 415 36 1,068 60
All Zones (AoA) 9,284 43 1,058 27 1,713 87 12,055 157
All Zones + 25 km buffer 9,844 44 1,377 30 2,188 92 13,409 166

2.3.1 Deep-Sea Corals

Deep-sea corals are species of Cnidaria, primarily from the orders Scleractinia (stony corals),
Malalcyonacea and Scleralcyonacea (formerly Alcyonacea: McFadden et al. 2022), and Hexacorals
(black corals). Unlike their shallow and mid-depth counterparts, deep-sea corals in the aphotic zone

lack zooxanthellae and heterotrophically feed on passing particles for nutrition (Orejas et al. 2016).

Food sources consist of predominantly large zooplankton but deep-sea corals are generally opportunistic
and may feed on a variety of organic particles (Duineveld et al. 2004; Kiriakoulakis et al. 2004, 2007).
However, certain deep-sea coral species may have distributions that extend into mesophotic environments
(low-light zones between approx. 50—150 m) and have been found to be apozooxanthellate, i.¢.,

containing zooxanthellae within some depths but not others (Muir and Pichon 2019).

Several studies have demonstrated strong coupling in the delivery of food via physical oceanographic
processes, such as tidally driven advection, down-welling and benthic-pelagic coupling (Davies et al.
2009; Maier et al. 2023), largely in areas where there is complex topography and hard substrate (Genin
et al. 1986). Most deep-sea coral species are found at depths deeper than 200 m, although they have been
observed in shallower depths, such as in Norwegian fjords where specific oceanographic conditions are

suitable for growth at depths of <40 m (Stremgren 1971) and in mesophotic depths described above.
The environmental drivers that govern the distribution of deep-sea corals have been established through

observations and habitat suitability modeling and point to generally cool waters (4-12 °C), oceanic

salinities (~35 on the practical salinity scale) and saturation in aragonite and calcite (€ > 1) as critical
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parameters (Davies and Guinotte et al. 2011; Yesson et al. 2012; 2017a). However, this is now being
contested with increasing findings of healthy and abundant deep-sea coral systems outside of these

ranges (Baco et al. 2017; Brooke et al. 2013; Hebbeln et al. 2020).

Packer et al. (2007, 2017, 2022) described the presence of four major orders of deep-sea corals along
the Northeast U.S. shelf. These orders can be generalized by their vernacular names as (1) black corals
(Antipatharia), (2) branching and solitary stony corals (Scleractinia), and (3) octocorals (Octocorallia)
which include various gorgonians, soft corals, stoloniferan corals and sea pens (McFadden et al. 2022).
Although sea pens are included within the octocorals, the present study considers them separately

(section 2.3.3).

Within the AoA, coral records obtained from database searches, represent at least 47 distinct species
(Table 2). The majority (n = 8,493) of coral records are located within topographically complex canyon
features along the continental shelf slope in AoA, Zone 2, where hard bottom substrate is present, along
with high currents and significant depth gradients that interact with highly variable topography (Figure 4
and Figure 5). Additional clusters were observed at the upper shelf of Hudson Canyon in AoA, Zone 1,

composed primarily of stony cup coral species and black coral (Figure 4 and Figure 5).

Figure 4. Presence of Deep-Sea Coral Taxa in the Area of Analysis

Source: NOAA and OBIS databases
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Figure 5. Deep-Sea Coral Occurrence Intensity Calculated Using Kernel Density Estimation
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Exceptions to observed distributions within canyons were those occurrences of certain gorgonians
(Acanella spp.) and species of stony cup corals (Flabellum spp.), which can be found within soft
sediments. These findings agree with Packer et al., (2007) and Packer et al., (2017), who used a
large portion of the same data used in this study. These two sources represent an exceptional series

of reviews into the coral habitats of the AoA and the broader New England shelf and slope.

2.3.1.1 Gorgonians and Other Soft Corals

Gorgonians and other soft corals (orders Scleralcyonacea and Malacalcyonacea; McFadden et al.
2022) are the most diverse group of corals in the world. Over 3,000 species are described in this
group, most which are found in waters deeper than 50 meters (Cairns 2007). Unlike stony corals,
gorgonians and other soft octocoral species build relatively flexible internal skeletons, allowing
them to adapt to varying water flow conditions in both mesophotic and deep-sea environments and
may benefit their particle capture (Boudina et al. 2021). While these species do not form reefs, they
can form single or multi-species assemblages known as “coral gardens” or more recently, “marine
animal forests.” These habitats, when in high density, can have significant influence on local
biodiversity and ecosystem function and are classified as vulnerable marine ecosystems

(Buhl-Mortensen et al. 2010; Edinger et al. 2007).
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In the AoA, most coral records (5,642 of 9,248 records) belong to gorgonian (4,574 records) or soft
coral families (soft or stoloniferan corals: 682 records; unspecified: 209 records). Gorgonians are also
the most diverse group of corals present in the AoA, with nine families represented, including, Acanella
spp. (bamboo coral; the most abundant coral genus with 831 occurrences), Acanthogorgia spp., various
plexaurid corals (e.g., Swiftia spp. and Paramuricea spp.), and corals within the Chrysogorgiidae and
Primnoidae families. Common soft corals included Anthomastus spp. and Trachythela rudis. Most
gorgonian and soft corals were largely associated with hard bottom canyon features, except for

Acanella spp., which could also be found within soft sediment substrata (Figure 4).

2.3.1.2 Black Corals

Black corals (order: Antipatharia) generally inhabit mesophotic and deep-sea regions below 50 meters
depth. They are widely known for their use in human and cultural industries, including in jewelry-making
and traditional medicine in other regions of the world (Wagner et al. 2012). Despite their name, which is
derived from their dark-colored inner skeleton, black corals can display a range of morphological

characteristics, including a variety of colors (Cairns 2007).

Black corals possess a rigid, protein-based skeleton composed of chitin, which sets them apart from

the calcium carbonate skeletons of stony corals and the more flexible skeletons of soft corals and
gorgonians (Goldberg 1976). They are found in both shallow and deep-sea environments worldwide,
inhabiting a variety of substrates, including boulder reefs, various hard bottom structure, and seamounts
(Yesson et al. 2017a). However, the highest abundances of black corals have been found within deeper
depth zones, possibly as a response to competitive exclusion with photosynthetic corals (Wagner et al.
2012). Because of an inability to retract their polyps in the same manner as other cold-water coral groups,
most black corals perform poorly in areas with high sediment cover (Daly et al. 2003); however, a few
species of black corals (those in the families Schizopathes and Bathypathes) are reported to inhabit
muddy or soft sediment ecosystems due to their modified hooked holdfasts (Opresko 2002).

Some species of black corals contain photosynthetic zooxanthellae symbionts, allowing them to

derive additional nutrients from sunlight when present, although this is not a primary source of food for
Antipatharians (Bo et al. 2011; Wagner et al. 2012). Like other coral groups, black corals provide habitat
and shelter for a variety of organisms, including small fish, invertebrates, and other coral-associated
species (De Clippele et al. 2019; Love et al. 2007; Roark et al. 2009). Black coral communities also
contribute to the overall biodiversity and resilience of marine ecosystems, particularly in deep-sea

environments where they may form dense aggregations and forests (Wagner et al. 2012).
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In the AoA, 495 records of black coral, primarily in the family Schizopathidae (also present: Stichopathes
spp. in the Antipathidae family, 9 records) are present throughout the shelf break of Zone 2 and sparsely
clustered at the upper portion of Hudson Canyon within Zone 1 (Figure 4). The most common records

are Parantipathes spp. and Bathypathes spp., with 283 and 90 records, respectively.

2.3.1.3 Stony Corals

Cold-water Scleractinia, or stony corals, are a diverse group of corals that inhabit mesophotic and
deep-sea ecosystems in all oceans (Freiwald et al. 2004; Roberts et al. 2009). Some species of Scleractinia
generate complex calcium carbonate skeletal structures that can create multifunctional habitat for various
deep-sea organisms, such as reefs or within coral gardens (Roberts et al. 2006). Communities formed by
cold-water Scleractinia are considered biological “hotspots,” hosting biodiversity several times greater
than surrounding areas (e.g., Buhl-Mortensen and Mortensen 2010; Henry and Roberts 2007). Distinct
from their shallow-water counterparts, these corals inhabit a wide range of deep-sea environments,
including seamounts, canyons, and continental slopes, often occurring in depths below 200 meters

(Davies and Guinotte 2011).

Two major morphological groups exist for deep-sea Scleractinia: branching corals, that is,
Desmophyllum pertusum (formerly Lophelia pertusa; Addamo et al. 2016) and Solenosmilia variabilis,
which are primary reef-building species, and solitary cup corals, such as Desmophyllum dianthus and
Flabellum spp., which may form habitats on a small scale, including in areas of soft sediment (Brooke
et al. 2017). Distribution of deep-sea Scleractinia depends on several physical and environmental
parameters, including locally enhanced current speeds, temperature thresholds, hard bottom features,
depth, dissolved oxygen concentration, food supply, and others (Auscavitch et al. 2020; Davies &
Guinotte 2011). However, knowledge of the patterns that control coral distribution and the extent to
which corals exist outside documented tolerances is still evolving. While deep-sea Scleractinia are
long-lived, they may be particularly vulnerable to disturbance relative to shallow stony corals due to
their slow-growth rate, especially in deeper waters (< 30 millimeters per year) and low-recovery rates

to anthropogenic stressors, such as dispersants (Orejas et al. 2007; Weinnig et al. 2020).

Stony corals accounted for 3,147 of the coral occurrence records, subclassified by vernacular

names as either “branching” or “cup” corals (Figure 4). The most common coral within the AoA was
Desmophyllum dianthus, a cosmopolitan cup coral generally associated with hard substrate. Despite their
solitary nature, cup corals may grow in dense arrays that provide near-bed structure, even forming pseudo

“colonies” in which individual corals grow on top of one another (Forsterra et al. 2005). Branching stony
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corals alternatively form complex colonies with intricate branching structures. Desmophyllum pertusum
is a branching species despite its shared genus with D. dianthus. Of note, however, this shared genus is
a result of the reclassification of Lophelia pertusa to the Desmophyllum genus, which has been accepted
by the World Register of Marine Species (WoRMS) based on mitochondrial and microsatellites genetic
similarities (Addamo et al. 2016). However, opinions on this transfer vary among coral scientists and
molecular taxonomists alike and the former name Lophelia pertusa remains widely used within the
scientific community. Though a delay in this reclassification is indicated by some until additional
molecular evidence is provided, we have opted to utilize Desmophyllum pertusum in the present report
to align with the data sources used, both of which are based upon taxonomic data from WoRMS (OBIS,
NOAA). Although D. pertusum is one of the predominant reef-forming corals in the Atlantic, only 10
records of D. pertusum were present in the AoA, which likely indicates presence of singular colonies
rather than mature D. pertusum reefs. However, at least 371 records of Solenosmilia variabilis, another
branching scleractinian generally associated with deeper regions of the northeastern canyons than D.
pertusum (Brooke and Ross 2014), were present throughout canyons within Zone 2 of the

AoA (Figure 4).

2.3.1.4 Habitat Suitability Models for Deep-Sea Corals

Habitat suitability models, also known as species distribution models, are increasingly used in science,
conservation, and management, particularly for the study of species that are incompletely sampled
(Vierod et al. 2014; Winship et al. 2020). These models work by quantifying the relationships that species
have with environmental predictors and building a geospatial representation of potential habitat for the
modelled species (Elith and Graham 2009; Hirzel and Lay 2008; Philips et al. 2006). For species such as
deep-sea corals, habitat suitability models have become a primary tool, with assessments ranging from
local (e.g., Rengstorf et al. 2013; Rowden et al. 2017), to regional (e.g., Anderson et al. 2016a; 2016b;
Guinotte and Davies 2014; Kinlan et al. 2020) and even global scales (e.g., Davies and Guinotte 2011;
Yesson et al. 2012; 2017a). However, they are not without their limitations, as models in deep-sea studies
are primarily built on presence-records only, with no true absences, and may be built upon incomplete

environmental data or poor taxonomic information (Vierod et al. 2014).
In the Northeast USA region, Kinlan et al. (2020) reported on the development of high-resolution

(370-meter grid size) regional scale models for deep-sea coral species that cover Zones 1 and 2 of

the AoA and a portion of Zone 3 (Figure 6, Figure 7 and Figure 8). Using the widely adopted Maxent
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statistical approach (Philips et al. 2006), they developed predictions for nine taxonomic groups
within subclass Octocorallia (orders Malacalcyonacea and Scleralcyonacea, inclusive of sea pen
superfamily Pennatuloidea) and order Scleractinia (Flabellidae and Caryophylliidae). The model
did not include black corals (Antipatharia).

Their findings largely reflected reported occurrence distributions from the NOAA and OBIS databases
reported above, with canyon habitats being highly suitable for large structure forming species, whereas
sea pens were reported in the predominantly soft sediment areas of the shelf and slope. Importantly, this
study also conducted limited field verification of generated models, successfully verifying several areas

that were predicted to contain corals (Packer et al. 2017).

To generate an expression of habitat suitability for coral benthic receptors, this study used data from
Kinlan et al. (2013; 2020) to generate representations of suitable habitat for the AoA for gorgonians and
soft corals, stony corals and sea pens (Figure 6, Figure 7 and Figure 8). These outputs are classified into
very low, low, low-medium, medium, high, and very high-habitat suitability, and can be interpreted as
high and very high representing a strong likelihood of this area supporting deep-sea coral habitat. Areas
ranked low-medium and medium may contain suitable habitat, but further detailed investigation would
be needed. Low or very low indicates potentially unsuitable habitat where these species are unlikely to be
found. The model for gorgonians and soft corals (Figure 6) was the most constrained of all three models,
with high and very high-suitable habitat predicted in some canyons; however, much of the AoA Zone 2
was predicted to contain medium suitable habitat. Stony corals were predicted to have high- and very
high-suitable habitat within the rugose terrain of the slope, primarily in Zone 2 (Figure 7), with some
areas predicted near Hudson Canyon in Zone 1. In contrast, for sea pens (Figure 8), high and very
high-suitable habitat was predicted mostly within the shallower areas of Zone 2, with some areas

also on the shelf in Zone 1.
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Figure 6. Habitat Suitability Model Output for Gorgonians and Soft Corals (formerly Alcyonacea)
within the Area of Analysis

Source: Kinlan et al. (2013, 2020)
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Figure 7. Habitat Suitability Model Output for Deep-Sea Stony Corals within the Area of Analysis

Source: Kinlan et al. (2013, 2020)
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Figure 8. Habitat Suitability Model Output for Sea Pens within the Area of Analysis

Source: Kinlan et al. (2013; 2020).
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2.3.2 Sponges

Sponges, phylum Porifera, are considered an important component of deep-sea biogenic reef
ecosystems, with research intensity increasing substantially in recent years. These species, while
abundant, remain substantially understudied compared to other benthic receptors (Bell et al. 2018;
Maldonado et al. 2017). In some areas, dense aggregations of sponges can be formed, comprised of
either a single or multiple species, known as sponge grounds (Hogg et al. 2010). In a manner like coral
reefs (e.g., Costello et al. 2005), sponges exert strong influence habitat complexity, leading to increased
local diversity and habitat provision for other species (Buhl-Mortensen et al. 2010; Hawkes et al. 2019;
Meyer et al. 2019). Additionally, sponges have been shown to contribute to nutrient and carbon cycling
due to their significant pumping capacity (De Goeij et al. 2013; Maldonado et al. 2019). However, despite
appreciation of their emerging functional importance, there remains only limited information about the
distribution and potential responses of deep-sea sponge grounds to anthropogenic impacts (Vad et al.
2018). In the deep North Atlantic, sponge grounds are generally dominated by large structure-forming
demosponge species from the genus Geodia (Class Demospongiae) (Klitgaard and Tendal 2004).
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Regional differences in sponge ground composition exist, such as in the Northwest Atlantic where
deep-sea sponge grounds can be comprised of mixed assemblages dominated by tetractinellid species
(Murillo et al. 2012). However, recent research has identified large sponge grounds dominated by
mono-specific aggregations, such as glass sponges (Class Hexactinellida) (Beazley et al. 2018;

Beazley et al. 2021).

Sponges within the AoA are classified as demosponges, glass sponges, or calcareous sponges
accounting for 1,058 total sponge records (365, 615, and 78 records respectively; Figure 9 and Figure 10).
Though glass sponges are most abundant, demosponges are the most diverse, representing at least

17 distinct species (glass sponges: 9 species; calcareous sponges: 3 species). Like most coral records,
sponges are also associated with hard bottom features present in the AoA and are similarly aligned
with canyon features along the shelf break in Zone 2, except for a few sparsely distributed demosponge
occurrence records in soft and hard bottom throughout the AoA. The most commonly reported sponges
are the glass sponges Asconema foliatum, and Regadrella spp., with 144 and 106 records, respectively.
No occurrence records of sponges were obtained from the two databases explored around the head of
Hudson Canyon, whereas many records exist for corals and sea pens. Although the occurrence records
from NOAA and OBIS are lacking here, a recent publication indicates the presence of various Porifera
species using video transects in the vicinity (Pierdomenico et al. 2017), supported by unpublished data

reported by Packer and Dorfman (2012).
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Figure 9. Presence of Deep-Sea Sponge Taxa in the Area of Analysis

Source: NOAA and OBIS Databases
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Figure 10. Kernel Density Estimate of Deep-Sea Sponge Occurrence Intensity
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2.3.3 SeaPens

Sea pens, named for their resemblance to plumed quill pens, make up the superfamily Pennatuloidea
within the order Scleralcyonacea (formerly separate order Pennatulacea with suborders Sessiliflorae
and Subselliflorae) (McFadden et al. 2022). These colonial corals are commonly found across a
wide-depth range primarily in soft-sediment habitats, constructing an upright plume structure

that is anchored into the substrate via a muscular peduncle (Williams 2011).

In some regions, sea pens aggregate within soft-sediment plains to form large “fields” of sea

pen communities, which in turn constitute added habitat framework for various macrofauna in an
otherwise uniform deep-sea plain (Miatta & Snelgrove 2022). Relatively little is known about the

drivers of deep-sea sea pen distribution and biology, and it is in recent years that focus has turned

to sea pens considering their potential role as critical habitat-formers in soft-sediment communities, t
heir ability to create biodiversity hotspots, and their potential as macrofaunal community indicators
(Packer et al. 2017; Miatta & Snelgrove 2022). Multiyear surveys revealed a high prevalence of fish
larvae, like redfish (Sebastes spp.), varying among five different species of sea pens (Baillon et al. 2012).

At least 17 distinct species, from 1,713 records of sea pens, were present in the AoA (Figure 11). Of
these species, Protoptilum spp. were most common with 522 records, followed by Kophobelemnon
spp. with 410 records. Sea pens appeared to be sparsely distributed within all AoA zones, but were
most common along the deep areas of the lower shelf break and within canyons of Zone 2, with a
subset of records clustered along the upper mouth of Hudson Canyon formed by Stylatula elegans

and widely dispersed records in soft sediment within the central-east region of Zone 1 (Figure 12).
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Figure 11. Presence of Sea Pen Taxa in the Area of Analysis

Source: NOAA and OBIS databases
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Figure 12. Kernel Density Estimate of Sea Pen Occurrence Intensity
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2.4 Physical Habitat Data

It is important to document the physical attributes of the seafloor that compose benthic habitats within the
Ao0A prior to identification of potential lease areas and construction activities. The physical environment
includes sediment characteristics, including stability and topography of the seafloor. Together, physical

characteristics predict the occurrence of species within the AoA.

2.4.1 Geophysical

Geophysical data available within the AoA consists primarily of bathymetric data (Figure 13),

with sources from federal data collections by the NOAA Office of Coast Survey, USGS, and further
collections by academic institutions with robust ocean mapping programs (University of New Hampshire,
Woods Hole Oceanographic Institution). One of these data sources (Butman et al. 2017) also provided
backscatter reflectivity at the Hudson Canyon (Figure 14), a prominent canyon within the canyon

complex found in Zone 2 of the AoA.

Figure 13. Bathymetric Data with Complete Coverage in Zones 1 and 2 and the Nearshore
Portion of Zone 3 of the Area of Analysis

Source: TNC 2010, updated 2020
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Figure 14. Backscatter Data in the Vicinity of Hudson Canyon with Coverage in Zones 2
and 3 of the Area of Analysis

Source: USGS, Butman et al., 2017
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As described in section 1.2 of this study, the zonation of the AoA moves from the OCS in Zone 1 to
the shelf break in Zone 2, to the area beyond the shelf break in Zone 3. Prominent differences in the
overall depth and large-scale bathymetric features of the seafloor are evidence in regional bathymetric
data (Figure 13). Hydrodynamics, sediment type, and large- and small-scale geomorphology are all
influenced by these patterns in water depth and seafloor topographic relief. Therefore, widespread
bathymetric data are essential to support assessments of the seafloor and foundational as predictive
information regarding sediment types and benthic biological communities likely to be present. A

synthesis of regional scale bathymetry provides nearly complete coverage for the AoA (Figure 13).

Bathymetric and backscatter data are collected from the same instrument, a multibeam echosounder
(MBES); however, the settings on the echosounder can only be optimized for one of these data types.
Most surveys prioritize optimization of bathymetric data collection as these data provide direct
information about the depth of the seafloor and can be interpreted, compared, and combined with
bathymetric data collected across different surveys and equipment (Brown et al. 2011). In comparison,
backscatter reflectivity data are relative in nature and referred to in terms of low, medium, and high

reflectance rather than absolute decibel values. Nominally softer, fine-grained sediments absorb
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more of the acoustic signal and a weaker signal is returned to the MBES. Although backscatter data
provide valuable information about sediment grain size, decibel values reflect not only sediment grain
size, but also compaction, water content, and texture (Lurton and Lamarche 2015). In addition to seafloor
composition and texture, backscatter decibel values are also influenced by water temperature and salinity,
sensor settings, seafloor rugosity, and MBES operating frequency, among others (Lurton and Lamarche
2015; Brown et al. 2019). Therefore, differences in backscatter decibel values can occur when data have
been collected over a very large survey area under dynamic conditions, with different instruments, and

in different years. This scenario is common and does not nullify the data; rather, expert-approved
methods account for these variables by optimizing sensor-specific data processing and visualization

for interpretation (Lurton and Lamarche 2015; Schimel et al. 2018). Backscatter data products vary

based on processing (Lucieer et al. 2017) and data display procedures.

Backscatter data collected in Zones 2 and 3 of the AoA in the vicinity of Hudson Canyon reveal a
mixture of low- to high-backscatter returns, along with sampling artifacts that clearly show survey
vessel swath lines (Figure 14). Higher backscatter returns were interpreted, along with bathymetry,
as the geomorphological features of canyon walls, floor, and floor-filled (Figure 15). At broad scales,
differences in backscatter return are related to depth, with higher returns in shallower depths; this
pattern is evident in the differences between areas in Zone 3 interpreted as upper rise and outside

of Zone 3 interpreted as lower rise (Figure 14 and Figure 15).

2.4.2 Geomorphology

Data on geomorphology describes geologic formations found at various scales on the seafloor.
Geomorphology has a strong influence on sediment distribution, and therefore, distribution of

benthic biological communities. Geomorphology can also influence the distribution and settling of

food supply; for example, steep canyon features can funnel food supply from the shelf and support
high-benthic biomass. Two geomorphology data sets are available for the AoA. The authors of this

study used geophysical data reported in Butman et al. 2017 to create a model of geomorphology in the
vicinity of Hudson Canyon, with coverage in Zones 2 and 3 (Figure 15). TNC provided comprehensive
geomorphological data across the AoA in their North American Ecoregional Assessment (TNC 2010,
data updated 2020). Seabed form categories were derived from performing spatial neighborhood statistics
on bathymetric data at both fine and broad scales and categorizing the results into named features, such as
valley and mid flat (Figure 16). In the AoA, Zone 1, is primarily a low flat, consistent with its position on
the continental shelf. Geomorphology present in regular patterns highlights the canyon topography along
the shelf break in Zone 2 and these patterns continue to the edge of Zone 3 (Figure 16).
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Figure 15. Geomorphological Data in the Vicinity of Hudson Canyon with Coverage in
Zones 2 and 3 of the Area of Analysis

Source: USGS, Butman et al., 2017
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Figure 16. Topographic Seabed Forms with Nearly Full Coverage of the Area of Analysis

Source: TNC 2010, 2020 update
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2.4.3 Sediment

Distribution of sediment types on the surface of the seafloor is influenced by bathymetry,
hydrodynamics, and sediment supply. Multiple governmental and publicly available data sets

on sediment type are available with some degree of overlap with the AoA (appendix A). Notable s
ources include the USGS usSEABED database and TNC’s North American Ecoregional Assessment
interpolated soft sediment data set, which uses the usSEABED data as the primary input and was recently
updated (2020) using empirical Bayesian Kriging (EBK) regression (Figure 17). The outer continental
shelf is primarily sandy with patchy distributions of gravel and mud in some locations, the continental
slope marks a transition from predominant sand to predominant mud, and offshore of the slope, muds
dominant the deep abyssal plain (Figure 17). Patchy areas of gravel are generally associated with the
Hudson Canyon and Hudson Shelf Valley and areas with higher rugosity, particularly along the
continental slope (Figure 17). Because this interpolated data set uses results from grab samples at
point locations, it underrepresents presence of hard bottom substrates (e.g., continuous cobble

and/or boulder, bedrock). Hard bottom substrates are associated with the canyons present along

the continental slope, as discussed below.

Figure 17. Soft Sediment Interpolated Data with Nearly Full Coverage of the Area of Analysis

Source: TNC 2010, 2020 update
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USGS created a model of substrate and sediment properties (Battista 2019) for much of the New York
Bight with coverage of most of the southern portion of Zones 1 and 2 of the AoA (Figure 18 and Figure
19). Benthic data collected in support of New York’s Offshore Wind Master Plan were utilized to update
this model. Although multiple parameters were assessed, median grain size and hard bottom likelihood
were selected as primary results for benthic assessment of the AoA (Figure 18 and Figure 19). Similar
to patterns revealed in the TNC soft sediment data, larger median grain sizes are associated with canyon
and slope features (Figure 18). The relief and rugosity of the continental slope and relative hardness of
the seafloor is revealed in detail in the predicted likelihood of hard bottom, with numerous linear

canyons characterizing Zone 2 (Figure 19).

Figure 18. Predicted Median Grain Size Data Available for the Southern Portions of Zones 1
and 2 of the Area of Analysis

Source: USGS; Battista, 2019
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Figure 19. Predicted Hard Bottom Likelihood Data Available for the Southern Portions of
Zones 1 and 2 of the Area of Analysis

Source: USGS; Battista, 2019
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2.5 Resource Management Areas

Several types of areas within the AoA have been designated to protect resources and preclude certain
activities. The Frank R. Lautenberg Deep-Sea Coral Protection Area includes discrete deep-sea coral
protection zones (15 canyon features) located mostly in Zone 2 with some small areas of overlap in
Zone 3 and a broad protection zone that encompasses much of the southwestern portions of Zones 2
and 3 (Figure 20). A complementary deep-sea coral protection zone, the Georges Bank Deep-Sea Coral
Protection Area, abuts the Lautenberg Deep-Sea Coral Protection Area to the northeast (Figure 20).
Within these areas, fishing gear that touches the seafloor, such as that used in bottom-trawling, is
prohibited. NOAA Fisheries designates portions of the Atlantic for scallop fishing access on a rotational
basis, to support both scallop populations and the scallop fishing industry. When a rotational area is
open, a specific number of fishing trips are permitted per fishing year; when closed no fishing activity
is permitted. Several of these managed areas overlap with Zone 1, both by Hudson Canyon and at the

northern extent of the AoA (Figure 20). A designated habitat area of particular concern (HAPC) for

33



tilefish aligns with Veatch Canyon. A tilefish gear restriction area is also in place in this location
(Figure 20). The NOAA Office of National Marine Sanctuaries is in the early stages of a process to
designate a sanctuary for Hudson Canyon. At this stage, a broad area has been identified (Figure 20)

and more specific geographical bounds would accompany the designation.

Figure 20. Areas Designated or Proposed for Resource Management and Protection Purposes
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2.6 Anthropogenic Benthic Constraints

Multiple types of anthropogenic objects are present on the seafloor that present potential constraints

to siting offshore renewable energy infrastructure (appendix A). These include discrete features, such

as shipwrecks, clustered features, such as artificial reefs, and linear features—most notably existing
networks of submarine cables (Figure 21). In addition, areas of the seafloor have been mapped that
identify areas with known unexploded ordnance and active and discontinued disposal sites (Figure 21).
These areas would need to be avoided by new project development or given additional consideration and
assessment should development be proposed that overlaps these areas. Shipwrecks are sparse in Zones 2

and 3 and more prevalent but still relatively scattered and sparse within Zone 1 (Figure 21). Submarine
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cable are spatially prevalent and cross all zones of the AoA; notably, the northern portion of Zone 1
is relatively free of cable (Figure 21). Three unexploded ordnance (UXO) areas are located in Zone 3
and one smaller area is located in Zone 1 (Figure 21). Disposal sites and artificial reefs are not located

within the AoA but are present closer to shore where cables may make landfall (Figure 21).

Figure 21. Potential Obstructions and Areas with Designated Restrictions and/or Uses
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3 Stressors Associated with Deepwater Offshore
Wind Development

3.1 Literature Review

To establish the literature basis for the review of potential impacts of OSW on benthic habitats, a
systematic literature review (SLR) was conducted (Figure 22). A SLR is a repeatable approach that
includes a rigorous search for published and unpublished work on a subject to allow for the synthesis
of qualitative and quantitative information (Siddaway et al. 2019). SLRs have been used in prior
studies for OSW energy, for example, to investigate spatial trends and best practices for OSW energy
development (Peters et al. 2020) and the impact of offshore marine energy development on marine
species (Kulkari & Edwards 2022). The resulting literature serves as the foundational knowledge

base to inform sections 3 through 6 of this study.

Figure 22. Flow Chart of the Process of Systematic Literature Review to Explore the Impact
of Offshore Wind Farms on Benthic Habitat Receptor Groups
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Three groups of key words were used to create a set of search terms (Table 3) these were “receptor,”
“stressor” and “constraint.” Receptor is specific to this study and includes all the benthic receptors

that have been identified in section 2 (i.e., deep-sea coral, deep-sea sponge, sea pens and hard ground).
Stressor indicates anticipated impact-producing factors that are derived from prior studies into the impact
of OSW technologies on benthic habitats. BOEM defines impact-producing factors as “activities that
directly or indirectly affect physical, biological, economic, or cultural resources” (BOEM 2019). Finally,
constraint terms were used to limit responses to relevant literature on known anthropogenic disturbances
to the selected benthic receptors (e.g., oil and gas exploration and development, cable laying, fishing

impacts). Detailed results from the literature search can be found in B.
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Table 3. Search Terms Used in the Systematic Literature Review for this Study

Constraint Terms

Receptors

Stressors

"offshore wind energy" OR "floating wind
energy" OR "wind energy" OR "offshore
wind farm" OR "OWF"

"oil" OR "gas"

"deep-sea mining"

"bottom impact fishery" OR "bottom trawl!"
"long line" OR "long lining"

"anchor" OR "anchorage" OR "anchoring"
"cable" OR "cable laying"

"shipwreck" OR "wreck"

"unexploded ordnance" OR "UXO" OR
"detonation”

"deep-sea coral" OR
"cold-water coral"
"deep-sea sponge"
"hard ground" OR "hard
bottom"

"sea pen" OR "sea pens"
OR "seapen" OR
"seapens”

"sedimentation” OR "sediment plume" OR
"turbidity"

"physical impact" OR "physical damage"
"food supply" OR "organic enrichment" OR
"particle supply"

"artificial structure" OR "artificial reef" OR
"structure removal"

"scour" OR "erosion" OR "scour protection”
"hypoxia"

"hydrodynamics" OR "flow" OR "upwelling"
OR "downwelling" OR "currents"

"thermal stress" OR "temperature"

"electrical stress" OR "electromagnetic
frequency" OR "EMF" OR "electromagnetic
field"

"invasive species" OR "non-native species"
OR "alien"

"noise" OR "sound"

"artificial lighting"

"habitat conversion" OR "habitat
degradation" OR "boulder removal"
"dredging" OR "trenching"

"pile driving"

"pollution" OR "anti-foulant”

"entanglement" OR "secondary
entanglement”

"activity displacement" OR "displacement"
"cumulative impact" OR "multiple stressor"

3.2 Phases of Construction

Potential stressors for all environmental resources assessed in the Environmental Sensitivity Analysis

(NYSERDA, 2025) are shown in Table 4. As this study is focused on deepwater OSW, the stressors

identified similarly focus on the potential impacts from deepwater OSW. The scale and severity of

stressor impacts from OSW on benthic receptors is in part driven by the phase of the project (Table 4).

Using the SLR findings, supplemented with expert contributions during PAC and E-TWG meetings

conducted during the study period, an assessment was developed of how impact-producing factors

and the differing stages of deepwater OSW may influence the benthic receptor groups in section 3

(i.e., deep-sea corals, deep-sea sponges, sea pens and hard grounds).
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The following sections will touch on the potential impacts on all stressors listed in Table 4, based on the
results of the literature search but will focus on those stressors that are of primary concern to benthic
species and habitats, including bottom disturbance, and changes in water quality and

atmospheric/oceanographic dynamics.

Table 4. Stressors Outlined during Different Phases of Offshore Wind Energy Development

Pre-Construction Construction Post-Construction (Operation) Decommissioning
Noise Noise Noise Noise
Bottom Vessel Traffic Bottom Disturbance Vessel traffic

Disturbance
Vessel Traffic Bottom Disturbance Scouring around Seafloor Structures Changes in Water
Quality
UXO Detonation Artificial Lighting New Structures Artificial Lighting
Changes in Water Quality EMF

Vessel traffic

Artificial Lighting

Changes to Atmospheric/
Oceanographic Dynamics

Changes in Water Quality

1. The pre-construction phase of OSW may present risk to benthic receptors as a result of
contact mediated bottom disturbance due to increased survey activity. These activities may
include bottom contact gear during fisheries surveys, grab or sediment sampling, geotechnical
sampling, and survey vehicle contact (i.e., remotely operated vehicles and uncrewed autonomous
vehicles). Additionally, if vessels are anchoring during survey, there may be increased risk of
bottom contact. Seismic and acoustic surveys are expected to represent minimal risk to benthic
receptors; however, there is emerging evidence that anthropogenic noise can disrupt natural
soundscapes that larvae may use to locate habitats to settle. No research study has explored
the influence of acoustic and seismic surveys on these deep benthic receptors.

2. The construction phase of OSW represents the period when potential impacts to benthic
receptors are predicted to be most severe. During construction, a risk to these benthic receptors
is from acute direct bottom contact disturbance that can result during the transport and placement
of floating or fixed wind platforms through anchoring and establishment of mooring lines, as well
as from vessel anchors. Any form of construction work that includes a bottom contact component
would also cause harm if conducted in the immediate vicinity of benthic receptors, particularly
from pile driving, drilling, trenching, or seabed preparation, such as sand wave leveling or
boulder relocation which can lead to habitat conversion. Acute effects from locally increased
sedimentation from the establishment of new structures, as well as from drilling effluent, pile
driving, and cable laying would cause disturbance to benthic receptors in the region as sediment
plumes can inhibit species health and function and may have greater impacts during early life
stages. Chronic sound caused by construction activities may impact larval recruitment and
settlement at healthy reef sites due to the masking of reef soundscapes.
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3.3

During the post-construction (operation and maintenance) phase, OSW farms can result in
long-term alteration of the surrounding ecosystem (i.¢., habitat conversion) through modulation
of biological, atmospheric, and current dynamics. It is likely that this phase, which is largely
operational, represents a less acute but more chronic impact over earlier development phases.
Anthropogenic structures including protective materials can serve as artificial reefs within

the marine environment, allowing for the recruitment of hard substrate associated sessile and
motile organisms, potentially including non-native species, which may use windfarm structures
as islands to “hop” to new coastal environments. The presence of artificial lights at night on
OSW platforms may alter biological responses of organisms, including zooplankton that

exhibit diel vertical migration driven by negative phototaxis. Alterations of these migration
patterns and associated grazing have the potential to alter the nutrient profile of zooplankton

for filter-feeding benthic receptors. The reduction of wind speeds in the wake of wind farms

may result in alteration of ocean mixing dynamics, which were associated with decreased
oxygen concentration in bathymetric depressions. However, the resulting secondary impacts

of this alteration to mixing is dependent on site-specific bathymetry and oceanographic baselines.
OSW platforms also represent a potential risk for the accidental release of oil required for their
operation and maintenance. The accidental release and settlement of oil from these platforms

can result in contact with sessile benthic organisms, with responses ranging from reduced growth
and tissue necrosis to the inability of larval life stages to settle. Insufficient evidence exists to
ascribe potential effects of electromagnetic fields from power cables on benthic receptors
proposed in this study; however, possible impacts cannot be ruled out.

Decommissioning shares a similar impact profile to that of the construction phase, particularly
if infrastructure is removed. Structure removal represents a potential risk, especially if vulnerable
receptor communities are in the area or have colonized the structure themselves, as observed for
deep-sea corals on some deep shipwrecks and oil/gas rigs. It is likely that the structure removal
would result in additional bottom contact activity and sedimentation events that can impact
benthic receptors’ respiratory rates, feeding behavior, and larval mortality. The noise generated
during the removal of structures may additionally impact larval recruitment and settlement.

Stressors and Their Impact on Benthic Receptors

As this study focuses on deepwater OSW, the stressors identified in Table 4 similarly focus on

the potential impacts from deepwater OSW on benthic species and habitats. Due to prohibitive

costs associated with installing fixed OSW structures in waters deeper than 50 m (NREL 2022),

floating structures are far more likely to be considered for all zones within the AoA (minimum:

60 m in Zone 1; Figure 1). For this reason, floating turbine platform designs and their associated

mooring systems are the primary focus of this analysis. However, fixed structures, such as offshore

high-voltage direct current (HVDC) substations, may still be considered within the shallowest zones

of the AoA, so stressors associated with fixed platforms are also included within this discussion where

appropriate. A summary of stressors related to the feasibility of different OSW technologies within the

Ao0A zones and the relative distribution of benthic receptors is provided in section 3.4. Each stressor
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listed in Table 4 is discussed in the following sections with specific reference to individual benthic
receptors. For stressors that have unknown or inferred impacts to benthic receptors due to a lack of
empirical studies, relevant literature and broader physical-ecological principles are discussed to provide
the best available information linking potential stressors to benthic receptors. The sections have been
generally discussed in order of potential risk they pose to the benthic receptors in this study. Cumulative

and/or synergistic effects are particularly lacking and are discussed as knowledge gaps in section 5.

3.3.1 Bottom Disturbance

As sessile organisms, the primary risk to the proposed benthic receptors is direct contact of installed
structures and equipment within the seafloor (Halpern et al. 2007) during the placement of anchors,
mooring systems, export and inter-array cables, and fixed structures (e.g., for substations within
shallower depth zones). Additional impacts in the form of habitat disturbance might occur during

the pre-construction phase due to seabed preparation techniques, including sand-wave leveling or
boulder/debris relocation prior to installation of mooring systems, although no studies have examined
the direct impacts of these procedures on benthic fauna. While specific cases of the impacts of anchoring
and other bottom-mediated disturbance from OSW energy developments on these communities are not
currently available, parallels can be drawn between the impacts of long-line and bottom contact fishing
as examples of direct damage on these groups and others (e.g., Hiddink et al. 2006; Jorgensen et al. 2016;
Morrison et al. 2020; Yesson et al. 2017b).

Direct contact to benthic receptors has long-term and habitat-wide implications that may persist for
periods of up to a decade or more (Huvenne et al. 2016; Morrison et al. 2020; Williams et al. 2010).
This is due to the fragility, structure-forming nature, limited recruitment, and slow grow rates of
receptors, such as deep-sea coral, deep-sea sponges, and sea pens (Althaus et al. 2009; Hall-Spencer
et al. 2002; Neves et al. 2015). Fish associations in cold-water coral reefs with differing structural
complexity (containing living and dead coral framework) were found to exhibit certain patterns
(Softker et al. 2011). The patterns that were discovered revealed that, in comparison to flatter reef
areas, reef sections with higher levels of coral framework included much more fish. This included
certain fish species that seemed to only congregate in high-structure locations. The authors noted
significant trawl damage and abandoned fishing gear in the reef sites, which caused breakage of coral
framework and reduction in 3-dimensional habitat space. This suggests that direct damage to habitat
forming structures in the deep sea could have significant impacts by decreasing the amount of structural
habitat available, leading to a reduction in the contribution of this system as an EFH. The majority of

research for monitoring and detection of bottom impact from deep-sea fishing damage has been
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conducted on deep-sea corals. Clark et al. (2016) reviewed multiple studies that reported significant
damage, and in some cases, widespread loss of deep-sea coral fauna due to trawling as well as impacts
from resuspension of sediments and negative impacts on habitat quality and ecosystem function. In
severe cases, fishing gear seabed disturbance have the equivalent impact on marine ecosystems as

forest clearcutting has had in terrestrial environments (Watling and Norse 1998).

Only a few studies have been conducted on the resilience and recovery of deep-sea sponges to bottom
contact (e.g., Viera et al. 2020). For example, Malecha and Heifetz (2017) found that at 200 meters, the
effects of a single trawl across large deep-sea sponges were still evident after 13 years. This estimate is
supported from observations by Rooper et al. (2011), who used sponge bycatch data to estimate recovery
for large sponges (to 80% of pre-impact biomass) to be between 13 and 36 years. In contrast, in shallower
water, hard ground sponge communities (20 meters water depth), recovery rates may be far faster, with
experimental damage from trawling no longer detectable after 1 year (Van Dolah et al. 1987). A recent
review of the impacts of offshore oil and gas exploration and development determined that impacts

that have bottom contact and resuspension are likely to have significant impact on deep-sea sponge
communities (Vad et al. 2018). It could be posited that while sea pens are found in soft sediments,

they have a degree of structural flexibility and, in contrast to other deep-sea corals, may have a degree

of resilience to bottom impact. However, several studies have shown that this is not the case, and when
coupled with relatively slow growth rates, direct impact will have lasting impacts on sea pen communities
(Neves et al. 2015; Pierdomenico et al. 2018). The long timescales suggested for the recovery of deep
benthic receptors must be kept in mind, as any damage because of OSW energy development and
operation may persist throughout the operational life of the platform, with further potential for contact

mediated damage to recovering reef sites during decommissioning further extending recovery periods.

Anchor gear from large vessels, including anchor and chain, and jack-up barges (should they be
utilized in floating wind installation) have also been highlighted as a significant cause of bottom
disturbance (Broad et al. 2020; Davis et al. 2016), with impacts to benthic receptors comparable to
damage that can occur from bottom trawling (Abadie et al. 2016). Of the primary anchor types for
floating wind platforms, installation of drag embedment anchors, which involves dragging an anchor
across the seafloor until the anchor is sufficiently buried/embedded within sediment, poses the greatest

potential risk to benthic receptors because they require the largest seafloor footprint and because they
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are suited to use with catenary moorings that directly contact the seafloor, expanding this footprint.
The process of installation for drag embedment anchors can confer direct physical damage to
sediment-dwelling organisms in the drag path as well as sediment disturbance and/or resuspension

(discussed further in section 3.3.2) (Milazzo et al. 2004; Maxwell et al. 2022).

Pre-construction surveys represent a moderate risk to benthic receptors resulting from anchor
mediated contact, but specific sampling technologies, including, for example, fish surveys that

utilize a trawl methodology, represent a large risk of bottom disturbance to benthic receptors during
surveys. Appropriate efforts should be taken to mitigate potential contact. Impacts from vessel anchors
are expected to be most severe during construction and decommissioning phases due to an anticipated
larger number of vessels and extended period of anchoring during these phases. Bottom disturbance
from vessel anchoring is anticipated to be minimal during the post-construction/operational phase,

due to the ability of vessels to tie off to OSW energy platforms, reducing the requirement for bottom

anchoring by vessels.

Cable arrays between wind turbines and onshore power stations also represent a sizable physical

benthic footprint in addition to anchor and mooring systems with distances between turbines of up

to approximately 1 mile, and distances to shore that may exceed several hundred miles. Power cables
from turbines may be free hanging under their own weight, in a catenary style, increasing potential for
damage to benthic receptors from direct contact with cables during wave and tidal motions (Rentschler
et al. 2020). Inter-array power cables, laid between OSW platforms and substations, also represent a risk
for direct contact mediated bottom disturbance during their installation, increasing potential for damage
to benthic receptors from direct contact with cables during wave motion (Rentschler et al. 2020). These
inter-array cables may also be weighted or buried between turbines, reducing potential for movement-
based contact but increasing the overall footprint. While these approaches may limit movement of power
cables, they can also increase the immediate impacts around cables by disturbing soft sediments during
installation which can increase sediment suspension and turbidity, or by placing concrete mattresses

over hardground sites, smothering of benthic habitats.

For laid cables, different methods of installation vary in the severity of bottom disturbance they incur,
with methods, such as trenching causing significant impact along the entire length of the cable route
(Bennum et al. 2021; Dresser 2021). Even short duration pre-construction and construction activities
which require alteration or removal of existing sea floor features (e.g., sand wave leveling, boulder

removal) or installation of new structures on the sea floor (e.g., riprap scour protection) can result in
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permanent habitat conversion. Boulders or other non-contiguous exposed rocky features that are
naturally distributed along the seafloor can be important “islands” of hard bottom for sessile organisms
to colonize in otherwise soft sediment areas of the deep-sea (Vertino et al. 2010). Seabed preparation
that requires the removal of these features prior to installation of anchors (or other seafloor structures)
thus results in significant local impacts to hard bottom, to the biological receptors that rely on them,

and to the provisioning of EFH by these receptors.

3.3.2 Changes in Water Quality

Changes in water quality can occur in marine settings due to leaching of chemical or lubricant
dispersants from installed infrastructure and construction vessels. The operation and maintenance

of OSW energy platforms require oil for lubrication of gearboxes and other components, with total
volumes per platform of up to approximately 200 gallons (Gunter 2014). Therefore, an associated risk
of these platforms is the accidental release of oil because of gearbox failure or structural damage to the
platform during construction, operation, and decommissioning. Survey studies following the Deepwater
Horizon oil spill in the Gulf of Mexico have provided an assessment of the long-term impacts of direct
contact with oil and chemical dispersants on deep-sea corals (Beyer et al. 2016; Fisher et al. 2014).
Following contact with discharged oil, deep-sea corals within the Gulf of Mexico exhibited necrosis

of exposed tissues, branch loss, increased mucous production, and decreased growth rates (Girard et al.
2019; White et al. 2012). However, it is important to note that the volume and duration of pollution from
this ecological disaster were orders of magnitude greater than what would be expected from accidental

OSW discharge, and so the studies following Deepwater Horizon are of limited relevance here.

While the impacts of in situ oil spills are less studied within deep-sea sponges and sea pens, limited

field and laboratory studies have provided insight into how these receptors may respond (e.g., Vad et al.
2018). Exposures of sponge larvae to a range of hydrocarbon concentrations during lab studies have
shown that while larvae may have a high tolerance to hydrocarbons regarding mortality, there is
significant reduction to larval settlement rates and metamorphosis (Luter et al. 2019), which may hinder
recovery rates of damaged sponge grounds under additional impacts, such as bottom disturbance. Further,
for deep-sea sponge communities, changes in communities have been detected up to 1,000 meters away
from drilling activities and the release of drilling muds during oil and gas extraction (Ellis et al. 2012),

with reductions in filter-feeding communities and transitions to deposit feeders (Trannum et al. 2010).
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Underwater marine structures are often coated with anti-fouling measures, including the use of a growing
number of biocidal agents within marine coatings, to reduce the impacts of biofouling, such as pitting
subsurface structures and increased weight, which may alter the function of structures (Bejarano et al.
2022). The diffusion of these biocidal agents into the water column represents a potentially localized

risk to benthic receptors, but the severity of impact cannot be assessed with any confidence due to the
large number of commercially available biocidal coatings (Bejarano et al. 2022), and lack of published

research on lethal concentrations of these coatings on benthic receptors.

Bottom disturbances to the seafloor, particularly during pre-construction seabed preparation, installation
of anchors, cables, and substations, during operational scouring processes, and during decommissioning
can cause resuspension of fine sediments to the water column, resulting in either acute or chronic events,
which may persist for days to decades depending on the size of sediment particles and the geophysical
context of the area (Aleynik et al. 2017; Martin et al. 2008). Some OSW projects have even produced
“turbid wakes” (sediment plumes downstream of windfarms) spanning several kilometers that were
observable by satellites (Vanhellemont and Ruddick 2014). As filter feeders, changes to water quality
for deep-sea coral and sponges can have impacts on the effectiveness of feeding strategies, alter
respiration rates, and even cause mortality (e.g., Brooke et al. 2009). For example, in experimental
manipulations, an approximately 60% reduction in respiration rates were observed in deep-sea sponges
after one day of exposure to elevated suspended sediment conditions, which ultimately may impact their
growth, reproduction, and survivorship (Mobilia et al. 2021). Sponges have also been shown to have a
range of tolerance to sedimentation levels, with higher resilience to acute sedimentation events, including
several physiological response mechanisms linked to sediment clearance, including increased production
of “mucus,” and sloughing off external tissue. However, these may come with metabolic tradeoffs
(Strehlow et al. 2017) that could result in a decline in sponge ground health from chronic sediment

plumes during construction and decommissioning phases (e.g., Mobilia et al. 2021).

Assessment of the impacts of sedimentation events during the construction phase of oil and gas activities,
has shown that healthy adult Desmophyllum pertusum (formerly Lophelia pertusa) were able to maintain
growth rates within chronic sedimentation plumes, but with an approximately 50% reduction in growth
rates during high-sediment load (17-19 milligrams per liter [mg 1"']) compared to low (3.3-3.6 mg 1'!)
(Larsson et al. 2013). However, both Brooke et al. (2009) and Allers et al. (2013) found that smothering
from sedimentation will result in mortality. Beyond the concentration of sediments, sediment composition
was also shown to impact deep-sea coral growth. Comparisons of coral exposed to natural benthic

sediments to drill cuttings also showed a reduction of coral growth rates when exposed to drill cuttings,
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which contains drilling fluids and weighing agents, such as barite, across both high- and low-sediment
loads (Larsson et al. 2013). Additionally, coral larvae, which can persist within the water column for up
to three weeks before settlement, were shown to have much higher sensitivity to drill cutting sediments,
with approximately 33% mortality following five days of exposure, suggesting that the timing of drill
cuttings and other sedimentation events should account for periods of coral spawning and settlement
(Larsson et al. 2013). The impacts to water quality from sedimentation are likely to be more severe
where structures are sited within fine sediment substrates which are more readily entrained into the
water column and remain suspended for longer than large grain sediments. For this reason, sedimentation
risks are expected to be relatively high in Zone 3 of the AoA, where these sediment types (mud, clay)
are most prevalent. If significant amounts of sediment impact sites that have complex morphologies
(for example both live and dead hard coral can provide habitat), habitat complexity could reduce, with
resulting impacts to biodiversity and associated species abundances. However, particles (including
pollutants) entrained within the water column may be transported up to thousands of kilometers via
density-driven turbidity currents that can retain high concentrations of suspended particulates and
which are prevalent at continental shelf features like deep-sea canyons (Wells and Dorrell 2021).
Therefore, increased turbidity and/or the introduction of harmful particles into local waters may
generate non-localized impacts dependent on the prevailing hydrodynamics and density structure

of a potential OSW site.

OSW-derived water column turbidity may also reduce light penetration to low-light benthos present

in Zone 1 of the AoA. Some species of deep-sea corals and sea pens are apozooxanthellate (containing
zooxanthellae at certain depths) with distributions that overlap with deeper mesophotic zones (Williams
2011; Muir and Pichon 2019). Shading from suspended anthropogenic particulates can shift the burden

of energy supply for these species towards heterotrophic feeding, which may be insufficient for organisms
adapted to local light levels (Kahng et al. 2010; Smith et al. 2019). While the majority of benthic receptor
occurrence records in Zone 1 comprised azooxanthellate species, some apozooxanthellate corals

(Madracis spp.) and sea pens (Virgularia spp.) were present within the AoA.

The conversion of power generated from offshore windfarms from high-voltage alternating current
(HVAC) to high-voltage direct current (HVDC) to minimize energy loss over long distance transfer

to shore results in the generation of heat by offshore substations. To ensure continual operation of
offshore substations the heat generated during the conversion from HVAC to HVDC must be dissipated,
most commonly using an open loop cooling system with seawater as the heat sink (Middleton et al. 2022).

Seawater is pumped from the water column into the substation’s cooling system with intakes potentially
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as deep as 30 feet from the seafloor. This water is passed through a series of filters at the intake to
prevent uptake of particles greater than 500 microns. This pumped seawater may also be treated with
biocidal agents, such as sodium hypochlorite (10-200 ppm), generated through electrochlorination

of seawater, to prevent biofouling of the cooling system. The filtered and treated water is then pumped
into the substation’s heat exchanger where it is heated and subsequently discharged back into the
water column. The amount of seawater heated within the heat exchanger and the temperature it will

be heated to before being pumped back into the water column is not currently subject to regulation

(Middleton et al. 2022).

It has been proposed that the heat from substation effluent pumped back into the ocean will

dissipate within the surrounding water column, returning to ambient temperature without impacting
the surrounding environment. It is important to note that local-scale dynamics may result in areas of
locally increased temperature surrounding the effluent pipe (Middleton et al. 2022). The intensity of
this localized warming will be site specific and determined by local bathymetry and hydrodynamics.
Sessile receptors, such as deep-sea corals and sponges, in proximity to effluent may be impacted by
the increased temperature and biocidal agents. While these organisms are capable of surviving under
fluctuating temperature ranges, continual increased temperatures have been shown to impact survival
particularly when coupled with other stressors (Strand et al. 2017; Weinnig et al. 2020). While the
impacts of continual exposure to biocidal agents, such as sodium hypochlorite on deep-sea corals and
sponges remains largely unstudied, it has been shown that some warm water corals are susceptible to
concentrations as low as 20 ppm of sodium hypochlorite, with observable tissue damage within 72 hours
of exposure (Altvater et al. 2017). To mitigate the risk of increased temperatures and biocidal agents
on reef sites, placement of the offshore substation cooling loop outlets should be positioned away

from hardground reef sites, or in regions with fast currents to prevent localized heating of the area.

Of additional concern is the impact that open-loop cooling systems may have on coral and sponge
larvae during periods of spawning. While the intakes for open-loop cooling systems often contain
filters to exclude particles greater than 500 pm, this does not prevent potential risk of entrainment of
larval life stages. Sponge species larval life stages range in size from 50 um—5 mm (Maldonado 2006),
with deep-sea corals exhibiting similar larvae lengths ranging from 100 pm—5 mm (Rakka et al. 2021).
Within the smaller size class (less than 500 um) these larvae are susceptible to being entrained into the
open-loop cooling system where they will be exposed to biocidal agents and increased thermal stress.
Those larvae of the greater than 500 um may be excluded from by the intake’s filter but will become

impinged and at risk of physical damage. While many systems implement a backflow system to wash
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filters the viability of larvae impinged on filters for extended durations remains unknown. To

fully assess how these factors impact larval survival rates, more research is needed to fully assess

the resilience of coral and sponge larvae to acute thermal stress and biocidal agents, like sodium
hypochlorite, such as what would be experienced after entrainment in the open-loop cooling systems.
The use of closed-loop cooling systems, which are being developed for offshore substations, would
help to mitigate these potential entrainment impacts on benthic receptors, if feasible. While still using
surrounding seawater as a heatsink, closed-loop systems do not require the uptake or discharge of
seawater within the substation, mitigating the risk of localized warming near outlet pipes in benthic
habitats, while also removing the risk of entrainment of coral and sponge larval life stages into the

cooling system.

If open-loop cooling systems are to be used within the AoA, consideration should be given to their
placement to minimize their proximity to currents that may transport coral and sponge larvae. The

risk of entrainment of coral and sponge larvae within open loop cooling systems is greatest in Zone 2
where current dynamics near the shelf break may play a major role in larvae dispersion within the AoA
(section 3.3.4). The risk from this stressor is lower in Zone 1 and Zone 3 but remains near coral or

sponge ground sites.

3.3.3 New Structures and Scouring Around Sea Floor Structures

OSW projects require large-scale introduction of structures that will unavoidably impact benthic
communities. On the seafloor, introduced structures primarily include anchor systems, scour
protection material (boulders or other material placed around anchors), export cables and cable
protection (e.g., concrete mattresses), and fixed structures (e.g., fixed HVDC substation platforms).
The placement of new structures would impart a direct bottom contact impact if placed in the

general area of, and/or directly upon benthic receptor species, as discussed in section 3.3.1.

A potential effect imparted by new structures is hydrodynamic scouring of the seafloor, resulting

in erosion of preexisting sediments and in faunal communities, and the potential conversion to hard
bottom grounds. Scouring around seafloor structures may also be a source of sediment resuspension

and entrainment (Bonaldo et al 2014; Maxwell et al. 2022), which might then affect water quality

and light availability for photosynthesizing coral species found at mesophotic depths (approx. 50—150 m,
dependent on light attenuation) (discussed in section 3.3.2). Most anchor systems (e.g., suction anchors,
drag embedded anchors) require soft substrate such as clay or mud and thus these anchor structures

and/or their associated mooring systems (especially catenary moorings that can contact the seafloor)
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present sediment scour risk to soft bottom benthic habitats. Scouring is expected to have the greatest
impact on sea pens and certain specialist coral species that rely on soft bottom regions that may be
lost or altered as a result of scouring. Minimal direct impact would be expected for deep-sea corals
and sponges that require hard bottom substrate. However, indirect impacts may occur to hard bottom
communities via the export of scoured sediments onto hard bottom areas, discussed further in section

3.3.2. The selection of an anchor type depends heavily on the substrate where OSW is sited.

While all zones of the AoA contain areas of soft substrate, Zones 1 and 3 are comprised mostly of
sand and mud, respectively (Figure 17), such that these zones present greater risk of scour. However,
the impacts of scour are intensified for structures placed in smaller grain-sized sediments (e.g., mud),
which scour deeper and wider than larger grain sizes (Kells et al. 2001), potentially placing Zone 3 at
relatively higher risk of scour potential. Near-bed current velocity is also an important factor that can
increase the effects of scouring around structures (Bonaldo et al. 2014) that may in turn be driven by
local hydrographic features of a site, regardless of zone. Although scour protection structures such as
boulder riprap or concrete blocks are commonly placed around anchors and other seafloor structures to
mitigate these effects (section 5.3), scour protection materials themselves will permanently convert soft

bottom habitats to hard bottom and may exacerbate changes in faunal communities discussed below.

Along with seabed structures listed above, mid-water and surface structures including turbine

platforms, suspended or “lazy wave” inter-array cables, and mooring systems can also impact benthic
receptors by creating artificial habitat that may alter natural biodiversity and assemblages. For all
introduced structures, changes to existing benthic communities can occur via colonization of organisms
on the surfaces of structures. For example, upon introduction to the marine environment, new structures
immediately undergo colonization by microbial species, and the subsequent formation of biofilms that
serve as the foundation for successive colonization by epibenthic species (Dang and Lovell 2016). This
colonization of anthropogenic structures, including pylons, anchors, and power cable structures, can act
as an artificial reef supporting distinct assemblages of organisms throughout the water column, including
mussels, macroalgae and anemones, and associated sessile macrofauna, which can serve to increase

biomass at the new structures site by 4,000-fold (Rumes et al. 2013).

Enhanced biomass resulting from artificial reef effects, particularly the attraction or production of
economically important fish species, can also create indirect impacts by drawing traffic from fishing
vessels and create potential for increased disturbance to areas where structures are placed. OSW energy

developments outside of the U.S. are generally protected by no-take zones; however, this is not currently
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the case in the U.S. and future regulation is unclear within floating OSW developments. The effects of
enhanced biomass can extend beyond the windfarm footprint (Langhamer 2012). Potential displacement
of fishing activity, particularly bottom trawling and long-lining, away from existing fishing grounds to
new areas that include sensitive benthic habitats, may also serve to increase contact mediated bottom
disturbance for previously unimpacted benthic receptors (Davies et al. 2007; McConnaughey et al. 2020),

further discussed in section 3.3.1.

As part of the increased settlement of these structures, they may also serve as locations for the
introduction of opportunistic and non-native species that may outcompete local species, allowing them
to “hop” between these locations and increasing the spread of invasive species into new ecosystems
(e.g., Glasby et al. 2007; Meyer et al. 2017; Sammarco et al. 2004). Slow growing benthic cold-water
corals and sponges are likely to be outcompeted in the colonization of new structures due to their

slow growth rates, which may serve to alter habitat structure and dynamics on and around OSW energy
development platforms. While it is difficult to predict where introduced structures may create additional
connectivity points that allow for the spread of non-native species, areas where hard bottom has not been
historically present and/or areas hydrodynamically connected (allowing pelagic larval export) to existing
habitats may be at particular risk (Adams et al. 2013). The AoA encompasses a cross-shelf portion of
the Mid-Atlantic Bight, which is characterized predominantly by the Shelfbreak Jet current, flowing
southwest alongshore at the shelf break, as well as influences from cross-shelf upwelling at the shelf
slope (e.g., within canyon features) and an offshore recirculating gyre in the slope waters between the
Shelfbreak Jet and Gulf Stream countercurrent (Gawarkiewicz et al. 2012; Forsyth et al. 2020). As a
function of these features, transport within the Shelfbreak Jet can disperse larvae in both the alongshore
direction as far south as Cape Hatteras, NC, and the cross-shelf direction, primarily towards the offshore
recirculating area where they may become re-entrained in the Gulf Stream (Garkiewicz et al. 2007). As
such, siting of OSW structures in Zone 2 may present a higher risk than other regions within the AoA
due to the increased likelihood of non-native larvae becoming entrained into the Shelfbreak Jet. Zone 1
may also present a high risk for the export of coastal organisms into deeper areas due to the presence of
structures in shallower waters. Coastal velocities are generally slower than alongshore currents at shelf
breaks and thus limit potential dispersal distances within inshore regions; moving from inner coastal
waters toward the shelf break where alongshore velocities are significantly faster, even short distances
can increase the potential dispersal distance for planktonic larval exponentially (Largier 2003). By

introducing structures into an area of Zone 1 that would connect otherwise-retained inshore larvae to
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the dispersive Shelfbreak Jet current, stepping-stone impacts become region-wide. However, dispersal
pathways for native and non-native species from introduced structures remain poorly understood,
particularly for dynamic settings such as the AoA, and more information is needed to understand

the impacts of this potential stressor.

Conversely, several studies have also noted the growth of native habitat-building deep-sea species,
including corals and sponges, on oil and gas infrastructure, and shipwrecks (Bell and Smith 1999;
Gass and Roberts 2006; Macreadie et al. 2011). The removal of these anthropogenic structures
during decommissioning can also disturb species that have colonized during the lifespan of the
windfarm platform, negating potential positive impacts of increased biomass at these sites, and
potentially collapsing newly established habitats that have formed during the lifetime of the platform
(Macreadie et al. 2011). The growth of these habitats on such infrastructure could enhance EFH if
left for a significant amount of time, similar to shipwrecks that create hard structures in the deep-sea
(Larcom et al. 2014), but the removal of these structures in decommissioning would likely negate

any benefit to EFH.

3.3.4 Changes to Atmospheric/Oceanographic Dynamics

As discussed in section 3.3.3, the AoA is hydrodynamically influenced by the Shelfbreak Jet

current and other oceanographic features that drive the circulation of different water masses with
distinct chemical and physical properties. Interruption to these natural oceanographic dynamics can
disrupt wholesale water column processes that benthic communities rely on, with resulting implications
for benthic community distribution, growth, and health. While localized subsurface impacts might be
influenced by the draft of a turbine platform (e.g., narrow drafted barge platforms versus large-drafted
spar buoys), wind-driven and coupled atmospheric-oceanographic effects are a concern for all OSW
turbine configurations and could be compounded by the arrangement of multiple windfarms. The
installation of OSW farms reduces wind speed by up to 43% in regions spanning up to 65 km in the
wake of turbines relative to the surrounding area (Christiansen and Hasager 2006; Platis et al. 2020).
Reductions at this scale have been shown to also introduce wind stress curl at the surface and generate
regions of increased downwelling and upwelling within the wake of the platform, which can serve to
alter surface stratification and transport of biologically important nutrients (Floeter et al. 2022;
Raghukumar et al. 2023). The exact impacts and their severity resulting from the modification of
upwelling and downwelling dynamics on benthic habitats would be determined by site-specific

dynamics, including site bathymetry and atmospheric dynamics.
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Both numerical modelling studies and empirical case studies indicate that OSW structures can alter
upwelling and surface mixing regimes within localized areas. Raghukumar et al. (2023) modeled the
spatial structure and net transport of cross-shelf upwelling to the California Shelf after the addition

of 877 deep OSW turbines. While net upwelling volume transport and nutrient delivery were not

greatly diminished at a broad coastal scale, smaller spatial areas between 20 and 80 km from shore did
experience significant changes in transport and the overall structure of upwelling within the region shifted
to a non-natural state. The North Sea, a region that has furthered research on hydrodynamic impacts due
to the implementation of many OSW projects in recent years, experienced changes to water stratification
within the wind-wake of OSW platforms. These changes were defined by a shallowing of the surface
mixed layer, bringing higher nutrient water from below the thermocline into the photic zone, with the
potential for generating increased primary production at scales of approximately 10-35 km (Floeter et al.
2022). This anthropogenic excess of organic carbon may be a concern because of the potential to generate
localized oxygen minimum zones, driven by increased carbon fixation (and thus oxygen consumption) as
this material sinks into the water column. Another modeling study of atmospheric and current dynamics
in the wake of North Sea windfarms predicted a reduction of oxygen concentrations within bathymetric
depressions where exchange is limited with surrounding water. The increased flux of organic material
from the surface due to predicted increases in primary production were modeled to increase oxygen
consumption, which predicted a local decrease of oxygen concentration to 0.97 mL L' within these
seabed features (Daewel et al. 2022). This deoxygenation of bathymetric depressions is likely further
compounded by predicted deoxygenation (0.03-0.05 mL L") of the world’s ocean due to increased
thermal stratification caused by climate change, which is predicted to impact water depths of 100 to

1,000 meters most severely (Sweetman et al. 2017).

However, tolerance to hypoxic conditions is variable between benthic organisms. The deep-sea coral
species, D. pertusum, has been shown to persist under varying oxygen concentrations (2-3.7 mL L),
with small reefs in the Atlantic observed in regions with dissolved oxygen as low as 1.1-1.4 mL L!
(Hebbeln et al. 2020). Despite this range of tolerance to chronic hypoxic conditions, laboratory

studies have shown that D. pertusum is limited in its ability to cope with 40 to 50% reduction of

ambient dissolved oxygen concentrations, highlighting its potential susceptibility to acute hypoxic
events (Dodds et al. 2007; Lunden et al. 2014). Some deep-sea sponges also exhibit tolerance to

low oxygen conditions with several species tolerant to dissolved oxygen as low as 0.68 to 2.22 mL L,
with lethality at < 0.57 mL L' (Micaroni et al. 2022). Even after loss of living colonies, the dead coral
framework of stony coral can continue to provide similar habitat complexity as live corals to support fish

and invertebrate biodiversity (Emslie et al. 2014), so it is unclear as to how oxygen availability to benthic
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receptors will affect EFH over varying time scales. In the long-term, if oceanographic conditions
change significantly to alter dissolved oxygen levels for benthic organisms in this region, there could
be a reduction in the amount of new EFH creation and critical habitats could take time to recover due

to slow growth rates (Orejas et al. 2007; Weinnig et al. 2020).

3.3.5 Noise

OSW energy development can increase noise within the marine environment, either via acute

short-term activities such as structure installation and construction vessel traffic or via long-term chronic
noise incurred by regular operation of wind energy platforms. Though information is particularly lacking
for the benthic receptor species in this study, anthropogenic noise is a poorly understood and potentially
underestimated threat to all coral communities with impacts on physiology, behavior, and distribution that

could lead to permanent changes that decrease survival and alter ecosystems (Ferrier-Pages et al. 2021).

It has been suggested that both natural abiotic and biotic sounds may be important cues for marine
organisms in areas with distinctive soundscapes (Simpson et al. 2004; Montgomery et al. 2006).
Coral reef ecosystems in general have been shown to be “noisy” due to associated species generating
sounds across a wide spectrum of acoustic frequencies, with healthy and damaged reef sites having
distinct associated soundscapes (Ferrier-Pages et al. 2021). Ciliated coral larvae have been shown to
utilize low frequency (25-1000 Hz) reef sounds between 5 and 10 decibel (dB) to direct settlement
of larvae to healthy reef sites (Vermeij et al. 2010; Lillis et al. 2018).

While there has been no evidence assessing anthropogenic noise on mature corals, studies have
shown that it can cause significant negative impacts in other invertebrates such as physical damage to
statocysts (sensory receptor systems) in cnidarians and cephalopods, and behavioral stress responses
including altered feeding patterns in some gastropod species (Weilgart 2018). Low-frequency noise
pollution (relevant to wind farm noise production) impaired invertebrate behavior (Corophium
volutator; burrowing) relevant to ecosystem functions (e.g., biogeochemical cycling, organic matter
remineralization) (Wang et al. 2022). Both acute and chronic noise can reduce important nutrient
cycling in the benthos by causing lobsters and clams to repress burrowing and feeding behaviors,
which, in turn, reduces critical bioirrigation and bioturbation of upper sediment layers (Solan et al. 2016).
With respect to habitat value, anthropogenic noise may also reduce the suitability of benthic receptors
as EFH; biomass and abundance of fish species have been shown to be significantly lower in marine

habitats affected by anthropogenic noise (Weilgart 2018).
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Anthropogenic noise from OSW is expected to be attributed to several development activities including,
increased vessel traffic, high-resolution geophysical (HRG) surveys, pile driving, and trenching. Some
of the noisiest activities include seafloor installations from impact pile driving for pile anchors or fixed
platforms, as well as trenching to install long-distance export cables. Underwater noise measurements
performed during installation of two monopiles as part of the Coastal Virginia Offshore Wind (CVOW)
Pilot Project (WaterProof 2020) indicated that peak sound pressure levels from unattenuated impact
piling reached 190 dB at a distance of 750 m. In most instances, floating OSW turbines do not require
pile driving unless necessitated by the anchor type selection (such as pile anchors), which is dictated by
the seabed sediment composition (Maxwell et al. 2022). Installation of the other types of anchors (i.e.,
drag-embedment, suction caisson, or gravity anchors) does not result in high-noise levels such as those
emitted by pile driving (Diaz et al. 2016). Sound pressure levels generated from vibratory pile driving
can be up to 15% lower than the sound emitted from impact pile driving (Matuschek and Betke 2009).

While pile anchors may be deployed in various substrate types, they are the preferred system for hard
bottom habitats and unpreferred in sandy substrates (as opposed to drag embedment or suction anchors;
see Deepwater Wind Technologies—Technical Concepts Study (NYSERDA, 2025)). Due to the presence
of hard bottom features along the shelf break, Zone 2 may be best suited to pile anchoring for floating
wind platforms and thus noise from impact pile driving would potentially be most impactful within this
zone (Figure 19), and less likely to occur in sandy expanses of Zone 1 (Figure 17). However, installation
of suction and drag embedment anchors within soft sediment of Zones 1 and 3 may also require at least
moderate noise and should not be discounted. Other sources of noise include geophysical surveys
including multibeam echosounders and seismic survey techniques, trenching, and vessel traffic

(Madsen et al. 2006). Echo sounders emit a short pulse of sound and “listen” to reflected energy from
the seabed. While this technology can operate across a wide range of system parameters (Mooney et al.
2020), deep-water multibeam systems operate with multiple beams of sound at frequencies below 20 kHz
(Scientific Committee on Antarctic Research 2002). Nedwell et al. (2003) found trenching noise to be
highly variable and dependent on the physical properties of the particular area of the seabed; they
estimated sound pressure to be 178 dB at 1 m. Popper et al. (2014) estimate that sound levels from
vessel traffic can range from less than 150 dB to over 190 dB depending on the size and type of vessel,

vessel speed, load, condition, age, and engine type.
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Chronic noise from regular turbine operation, while generally lower in frequency, may also significantly
change ocean soundscapes as a result of mechanical sounds and intense platform vibrations (Mooney et
al. 2020). Floating OSW turbines also require the use of mooring devices, which can contribute to an
additional source of noise around the structures (Risch et al. 2023). Risch et al. (2023) reported that a
study found these noises, described as impulsive “snaps” due to the steel cables, chains, or wire ropes,
to potentially exceed 160 dB at a distance of 150 m. Chronic noise impacts within the AoA are likely

to be localized to the area in which turbine platforms and/or seafloor structures are placed and thus the

severity of impact is likely to be roughly equal within all zones of the AoA.

The majority of marine anthropogenic noise pollution overlaps natural reef frequencies, but can

be considerably louder (e.g., pile driving up to 190 dB) (Slabbekoorn et al. 2010; Bolle et al. 2016;
WaterProof 2020). As a result, anthropogenic noise from both construction and operation activities
may mask natural cues that are required for the orientation and settlement of deep-sea coral and other
reef species within OSW farm sites (Slabbekoorn et al. 2010; Lecchini et al. 2018). For this reason,
impact risks of noise pollution could be most severe during periods of coral spawning and larval

settlement, but specific targeted research is needed to fully understand this potential impact.

3.3.6 Unexploded Ordnance Detonation

There is a lack of existing literature focused on the impacts of unexploded ordnance (UXO) detonation
on any life stage of the benthic receptors (deep-sea corals, deep-sea sponges and sea pens). Therefore,
there is only speculation about the exact impacts of UXO detonation on these habitat forming groups
beyond likely direct damage to these groups from close proximity to any detonation, which would
have a similar impact to bottom disturbance activities and noise. Such detonation would also impact

the ecosystem services that benthic receptors provide (e.g., EFH) (see section 3.3.1).

3.3.7 Artificial Lighting

OSW structures will require significant artificial light in the marine environment across all phases

of development, including long-term safety lighting on turbine platforms at the surface, vessel lights
during construction and operation, and sub-surface lights during pre-construction surveys (e.g., from
remotely operated vehicles). While impacts to deep-sea coral species, sponges, and sea pens have
not been assessed, artificial light has been found to cause significant impacts to shallow water coral
species. Disruption to light-cued diel cycles by artificial light at night can alter feeding behavior and
disrupt metabolic functions for shallow corals (Levy et al. 2006; Mardones et al. 2023). Additionally,
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anthropogenic light can directly impact coral photosystems and alter skeletal morphology (Kramer et al.
2023). If morphology is affected in a significant way it will likely have effects on the ability of benthic
receptors to act as EFH, which largely depends on habitat complexity (Soffker et al. 2011; Emslie et al.
2014). Reproductive success for shallow corals is also influenced by artificial light at night, which can
reduce larval settlement success and cause oxidative stress that prompts unsynchronized gamete release
(Tamir et al. 2020; Ayalon et al. 2021). Though some impacts may not directly correlate to deeper
species, mesophotic species that photosynthesize (e.g., apozooxanthellate corals or sea pens) and/or
species which have pelagic larvae attuned to light cues may be similarly affected. Direct surface light
impacts for mesophotic species would only be a concern for Zone 1 where natural light may penetrate

to the seafloor and biological rhythms could therefore potentially be disrupted by artificial light.

However, indirect impacts from light may still affect benthic receptors in all zones; artificial light at
night has been shown to modulate behaviors of organisms within the water column, including timing

of diel vertical migration of zooplankton species (Davies et al. 2020). Zooplankton, which can migrate
to depths of up to 400 m in a negatively phototactic response (Forward 1988), can serve as important
food sources to benthic filter feeders, through direct export of carbon via fecal pellets at depth or direct
consumption of the plankton themselves (Boyd et al. 2019). Artificial lights, particularly at night,

could influence the extent of zooplankton vertical migration, which may decrease their nutritional
density, having potential impacts to food supply dynamics for deep-sea corals and sponges (Davies et al.
2010; Mienis et al. 2012). The spatial distribution of vertically migrating zooplankton is highly variable,
dependent on the movement of different water masses and community composition (Ashjian et al. 1998),
but total plankton biomass may be seasonally enhanced inshore of the shelf break front (Hirzel et al.
2023). This area corresponds to the boundary between Zones 1 and 2 of the AoA, with implications

that this region could be especially impacted by artificial light at night; however, these impacts are

not spatially limited and should be considered for all areas within the AoA.

Artificial light around oil and gas platforms in the Gulf of Mexico has also been shown to influence

fish abundance and communities in different ways seasonally and daily with more fish seen overall at lit
platforms than unlit (Barker and Cowan 2018). However, studies do not appear conclusive regarding the
influence of artificial light on fish communities as Bolton et al. (2017) found fewer fish under artificial
light conditions than unlit nights. The impact of artificial light in OSW development on benthic receptors

and habitat providing services (i.e., EFH) is largely unknown and requires further research. The potential
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impacts of artificial light are present during all stages of OSW energy development, representing a
potentially chronic impact to benthic receptors, but the magnitude of this impact and the sensitivity

of benthic receptors would require observation and monitoring.

3.3.8 Electromagnetic Fields

Submarine power cables which conduct electrical current from OSW turbines to shore (export cables)

as well as between turbine structures (inter-array cables) require the use of extensive three-phase
alternating current (AC) as well as high-voltage direct current (HVDC) spanning hundreds of kilometers
of submerged space. Electric current passing through a cable induces electric fields of up to 1000 pV m-1
and generates intense magnetic fields of approximately 3200 uT, more than 70 times greater than
naturally occurring magnetic fields (Taormina et al. 2018). The strength of these fields, together referred
to as electromagnetic fields (EMF), are extremely localized to the surface of a cable, with EMFs decaying
exponentially within the surrounding 10 m (Taormina et al. 2018). Cable armoring and/or burial in soft
substrates is frequently used with submarine cables and further reduces the strength of EMFs (discussed
further in section 4.8). Because many marine species rely on geomagnetic field cues for orientation,
disruption of natural magnetic fields by artificial EMFs is a concern (Taormina et al. 2018; Bochert

and Zettler 2004).

No peer-reviewed scientific literature is currently available on the likely impacts of EMF on the

benthic receptors analyzed in this study. Thus, any direct impacts from EMF on benthic receptors is

not well understood and the impacts on benthic receptors as EFH in relation to this stressor remains
unknown. However, studies on EMF effects on other benthic species show varying impacts. Prolonged
exposure to strong magnetic fields showed no significant effects on survivorship for multiple benthic
species, including blue mussels (Mytilus edulis), multiple crustaceans, and flounder (Placthicthys flesus),
nor on reproductive health for M. edulis (Bochert and Zettler 2004). However, behavioral studies showed
subtle but significant changes in American lobster (Homarus americanus) behavior and orientation, along
with stronger behavioral changes in electromagnetically sensitive benthic elasmobranchs (e.g., little skate,
Leucoraja erinacea) (Hutchison et al. 2018). Especially little is known about these potential effects on
larval stages of the benthic receptors discussed in this report. However, EMFs have been shown to reduce
swimming speeds in larval fish under experimental conditions (Cresci et al. 2022). Because no studies
have examined EMF effects on cold-water corals, sea pens, or sponges, potential impacts cannot be

ruled out and it is recommended that this data gap is filled by future studies.
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Despite the lack of information on benthic impacts, EMFs are likely to be strongest for cables that are

not adequately armored or buried within the AoA. Where cables are installed at the seafloor, burial within
areas of soft sediment such as Zone 1 (sand) or Zone 3 (mud) is feasible. Cables laid across hard bottom
areas within Zone 2 may require protective concrete mattressing, which could similarly reduce the
potential impacts from EMFs. Suspended cables, which may or may not be armored, are often used

for inter-array power connections would be feasible in all zones of the AoA but may be more likely

within the deepest Zone 3.

3.3.9 Vessel Traffic

Increased vessel traffic presents a risk to benthic communities as a result of direct bottom impacts

on sensitive benthic habitats during the placement of anchors. This impact is further discussed within
the bottom disturbance stressor description (section 3.3.1). Vessel traffic may also impact benthic
communities via anthropogenic noise (section 3.3.5) and incidental fluid/debris spills (section 3.3.2).
These stressors above could impact the benthic community and the ecosystem services, like EFH,
that benthic receptors provide. Vessel traffic is likely to be most impactful in the specific area(s)
where OSW structures are installed, which will depend on the specific deployment plan generated
by developers. Anchoring of construction vessels may occur in any zone; however, damage from
anchors to hard bottom receptors is most likely to occur in Zone 2 where the majority of hard bottom
is present (Figure 17). Anchoring in soft sediments and the impacts of sediment disturbance and
short-term scouring around vessel anchors is most likely to occur in Zones 1 and 3, where the majority
of sediments are fine-grained muds but would be dependent on depth and vessel technologies such as

dynamic positioning (Figure 19).

3.4 Distribution Summary of Feasible Technology Impacts within
the Area of Analysis

The siting and selection of feasible technology for OSW deployment and, therefore, the extent of various
potential impacts in an area, will depend on several environmental factors such as depth, substrate type,
slope, distance to shore, and other considerations. A detailed discussion of the physical and environmental
constraints for various OSW technology types is provided in the Deepwater Wind Technologies—
Technical Concepts Study (NYSERDA, 2025), hereafter referenced as the Technical Concepts Study.
This section discusses where the possible configurations of OSW technology may be most likely based on

substrate type, depth, and seabed features found within the AoA (note: “next generation” designs are not
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considered here) and where these may have the greatest impacts on the benthic receptors according to
their distribution (section 2). An overview of the constraints for OSW technologies is provided first,

followed by zone-specific discussion.

3.41 OSW Design Constraints

The entirety of the AoA is better suited to floating turbine platforms than fixed structure arrays, which can
be cost-prohibitive at depths greater than 50 m. However, some individual fixed structures such as HVDC
converter substations may still be considered within the shallowest depths of the AoA. Floating platform

designs and their mooring systems are generally dependent on the anchoring systems used, which, in turn,

are constrained to various substrate types and low-grade or flat slope seabed forms.

3.4.1.1 Anchoring Systems

Three major anchor systems are discussed in the Technical Concepts Study: suction, drag embedment,
and pile anchors. Suction anchors are stabilized by suction of sediment within caissons and are suited to
soft substrates, with mud or clay-like sediments preferred over sand. Suction anchors may be used with
any of the major mooring systems and floating platform types but are frequently used with tension-leg
platforms (TLPs) or spar buoy platforms. Along with pile anchors, suction anchors can be installed at

precise locations and have a relatively small spatial footprint on the seafloor.

Drag embedment anchors, meanwhile, involve the dragging of an anchor along the seafloor until

the anchor is stably embedded into the seafloor and thus are also primarily constrained to use in soft
substrates. Due to the installation process, final position of drag anchors cannot be precisely sited and
have the largest seafloor footprint of all anchors. They are often used with catenary (slack) moorings

but may also be used with semi-taught mooring systems.

TLP systems are not feasible with drag anchors. Installation of pile anchors involves repeated pile
driving of the anchor into the seabed via vibratory or impact hammer and may be used in any substrate
type, including hard bottom (sand is least preferred). Like suction anchors, pile anchors are precisely
sited, have a relatively small seafloor footprint, and may be used with any of the major mooring and

platform types.
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For all anchor types, potential impacts of concern for benthic receptors include bottom disturbance
during installation (including sediment disturbance) and introduction of new structures that permanently
alter habitat. Scouring around anchors is of greatest concern for fine-grain sediments such as mud or clay
(Kells et al. 2001). Because drag embedment anchors are buried in the seafloor, sediment scour is of least
concern for this anchor type; however, scour is still a concern for the catenary mooring chains that can lie
on the seafloor and are often used with drag anchors. Scour protection measures are often employed with
OSW anchors and may consist of relocated boulders or man-made materials. Though scour impacts can
be mitigated in this way (section 4.1), these protections can increase the amount of introduced hard

bottom surfaces that contribute to artificial reef effects.

3.4.1.2 Mooring Systems

Mooring systems used with floating OSW include catenary lines, taut/TLP moorings, and semi-taut
moorings. Catenary lines are slack chains (4 times longer than depth) that may partially lie on the
seafloor and thus increase the seafloor footprint of an OSW configuration. TLP moorings involve
near-vertical taut lines, which connect anchors with floating platforms to stabilize vertical motion from
waves and have the smallest seafloor footprint. Semi-taut moorings combine elements of both catenary
and taut moorings, such that lines retain some slack at an angle to the seafloor and flexibly accommodate
wave action. For catenary and (to an extent) semi-taut mooring lines, direct contact with chains to the
seafloor can contribute to bottom disturbance and scour/sediment resuspension. For all mooring systems,

chains and scour protection materials may be colonized and thus contribute to artificial reef effects.

3.4.1.3 Floating Platforms

Four primary floating turbine platforms are currently used in OSW projects: barge, semi-submersible,
spar, and tension-leg platforms. The barge, semi-submersible, and spar platform designs may be used
with catenary or semi-taught mooring systems, while the tension-leg is the turbine platform associated
with TLP systems. Selection of a turbine platform can depend on the depth of the site; spar platforms
have the deepest draft (120 m), so are limited to deeper offshore regions, while barge platforms have
draft requirements of just 20 m and may be selected for shallower zones. Configurations of the four
platform designs may vary, but in all cases, the amount of submerged surface area and surface footprint

can contribute to the extent of impacts incurred by a platform. Alteration of oceanographic/atmospheric
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dynamics will be related to the size of the obstacle at the surface, and the amount of submerged surface
area will contribute to the potential space that can be colonized, contributing to artificial reef effects.
TLP systems that are under greater force may also contribute greater noise pollution due to

tension-related vibrations.

Other components of OSW include inter-array and export cables that conduct electrical current

between platforms (inter-array) and between an OSW farm and shore (export). Inter-array cables are
often suspended in the water column via subsurface floats (e.g., “lazy wave” umbilical or dynamic riser
designs), and most often conduct three-phase alternating current (AC). Export cables, conducting HVDC
may also have suspended components, but are significantly larger and heavier than inter-array cables at
approximately 240 tons per mile (Dresser 2021). Export cables are frequently lain over long distances
along the seafloor, requiring burial trenching (especially in soft bottom) or protective materials laid over
top. While cables can be laid over hard substrates, sloping hard bottom features like shelf breaks and
canyons limit their feasibility. Cables are usually wrapped in an external material such as cast-iron
sheaths that protect the internal conductors and limits the emission of EMFs. Cables may also be
protected by placement of rocks, concrete mattresses, or filter bags, all of which can greatly expand

the seafloor footprint of export cables laid over long distances. Impacts from cables include bottom
disturbance during installation, introduction of new hard bottom structures (especially from protective
materials), and the leaking of EMFs and small amounts of heat into surrounding waters (even when

sheathed/buried).

Terminal cables from an OSW windfarm may be connected to export cables via an offshore
substation that converts multiple AC terminal input cables to an HVDC cable for export to shore.
An offshore substation may be fixed, floating, or fully subsurface (“subsea”). Fixed platforms
frequently comprise jacket structures that have their foundations pile driven in the seafloor;
however, substations are considerably smaller than turbine platforms. The conversion of electrical
current can generate significant heat, and many substations include pumping systems that utilizes
seawater to cool the converter. In addition to many of the same impacts as OSW platforms and
mooring systems, entrainment of pelagic fauna into the cooling system and generation of localized

heating may be an added source of impact.
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3.4.2 Zone 1 Summary

Zone 1 is the shallowest (60150 m) and nearest-to-shore region of the AoA, primarily consisting

of low flats, with some mid flat and depression seabed forms, particularly in the vicinity of the mouth
of the Hudson Canyon (Figure 16). Interpolated sediment modeling predicts the majority of Zone 1 to
be sandy substrate, with some intermixed mud and gravel around the mouth of Hudson Canyon in the
west, and some larger areas of mud and/or mud with gravel in the east-central region of the zone
(Figure 17). This zone also includes portions of Atlantic Sea Scallop managed waters (GARFO)

and upper portions of the proposed National Marine Sanctuary of the Hudson Canyon (Figure 20).
Biological benthic receptors in Zone 1 are moderately distributed with some clustering of sea pens that
aligns with the region of muddy substrate in the central east and of corals at the boundary of Zones 1
and 2 around the mouth of Hudson Canyon; distribution of sponges is generally sparse throughout Zone 1
(section 2.3). Coverage of occurrence records for Zone 1 is fair, with well-distributed coverage of data

layers throughout, providing moderate confidence for this region.

Due to the high cover of sand, drag embedment anchors may be the most likely anchor system used in
Zone 1, although all major anchor systems are feasible. Because of their large footprint and frequent use
with catenary moorings, bottom disturbance, sediment scour and resuspension, and introduction of new
structure effects may be of particular concern within this zone. Export HVDC cabling is almost certain
to be present in this zone, so there is a high likelihood of EMFs, as well as potential impacts from HVDC
converter station(s). Zone 1 is a potential stepping-stone region for non-native species export between
coastal waters and shelf break currents that would aid in long-distance dispersal. Portions of Zone 1
benthos lie within the mesophotic (low light) zone, which could allow artificial light from surface
platforms to disrupt natural light-driven diel cycles of benthic receptor species. Particularly vulnerable
receptors for Zone 1 include sea pens in mudded areas, which may be impacted by OSW-driven sediment
changes. However, occurrence records with moderate data confidence indicate that Zone 1 may have

relatively low direct impact on other receptors that are less common (non-local impacts notwithstanding).

3.4.3 Zone 2 Summary

Zone 2 of the AoA encompasses the majority of the continental shelf break features between 150 and
200 m, including canyon walls and inter-canyon slopes. The canyon depression and valley features in
conjunction with the steepness of the shelf drop-off make Zone 2 the most bathymetrically complex zone
of the AoA. In addition to having the highest likelihood of hard bottom (within canyons), Zone 2 marks

the transition of mostly sandy substrates at the outer shelf to mostly mud at the shelf basin and into the
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deeper zone of the AoA, including a mixed zone in the mid-upper shelf slope (Figure 17 and Figure 19).
Several canyon features within Zone 2 are designated as discrete deep-sea coral protection areas within
the broader Frank R. Lautenberg deep sea coral zone, including a multi-canyon coral protection area in
the southwest (Figure 20). This zone also includes the majority of the proposed National Marine
Sanctuary of the Hudson Canyon (Figure 20). Aligned with the presence of hard bottom as a benthic
receptor, Zone 2 hosts the densest distribution of occurrence records as well as the greatest area of
highly suitable habitat for all biological benthic receptors (section 2.3). Confidence of occurrence

data is high for this zone based on the distribution of occurrence records.

The high density of biological receptors and the presence of hard bottom make Zone 2 particularly
vulnerable to the impacts from all structure configurations and all phases of construction discussed in

the previous sections. However, Zone 2 is unlikely to be suitable for a number of OSW technologies, due
to the complex topography and slope grade along the shelf. Active sediment transport and hydrodynamic
forces (such as upwelling) across and within canyon features may impact seabed-installed infrastructure,
including drag and suction anchor systems, laid cables, or fixed foundations. Furthermore, canyon
features may propagate turbidity currents that can transport potential pollutants or excess sediments,
making this zone more vulnerable to potential water quality impacts. If hard bottom substrate is preferred
for installation of OSW anchoring, pile-driven anchors could feasibly be used within the hard bottom
areas that are unique to Zone 2, but pile driving would contribute to increased noise during installation
relative to other anchor types in the soft bottom regions of Zones 1 and 3. Zone 2 is nearest to the
Shelfbreak Jet current, making the area hydrodynamically active and, therefore, may allow long-distance
dispersal of non-native larvae that could colonize artificial structures placed within the current. Disruption
of water column flow regimes could also be of concern in Zone 2, where surface productivity is expected
to be relatively high because of dynamic currents along the shelf break; however, these patterns are not

temporally consistent (Ma and Smith 2022).

3.4.4 Zone 3 Summary

Zone 3 is the deepest zone of the AoA (2,000-3,000 m), extending from the foot of the continental shelf
slope offshore. Zone 3 is predicted to consist of majority fine-grain sediment (majority mud) and includes
outflow channels downslope of canyon features present in Zone 2. Zone 3 also encompasses the George’s
Bank coral protection area, the Frank R. Lautenberg broad deep-sea coral protection area, as well as the

deepest portions of some of the discrete coral protection zones at the base of the shelf slope, and the
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deepest portion of the proposed National Marine Sanctuary around Hudson Canyon (Figure 20).
Biological receptor occurrence points are the least dense within Zone 3; however, data within this zone
are especially lacking and confidence levels for all biological receptor data (including habitat suitability)
is accordingly low or zero. Still, occurrence records within Zone 3 show moderate distribution of some
coral species (largely scleractinian cup corals and bamboo coral Acanella spp. that may colonize soft
substrates) (Figure 4), sparse presence of sea pens (Figure 11), and rare presence of demosponges

(Figure 9).

Depth is a major constraint for OSW deployments in Zone 3, such that length of moorings would require
anywhere from 2,000 (for TLP moorings, equivalent to water depth) to 12,000 m (for catenary lines,
four times water depth) of line and likely require larger/heavier anchoring systems, incurring the largest
water column footprint from introduced structures within this zone. The surface area of the submerged
footprint could in turn cause subsurface hydrodynamic regimes to be especially altered within the water
column. Because the seafloor of Zone 3 predominantly comprises mud, all major anchor systems are
feasible. However, the sediments in the region are likely to be especially susceptible to scouring around
seafloor structures and resuspension/sedimentation impacts due to their fine grain size. Because of the
limited occurrence data available, estimating the severity of impact as a function of receptor density is

not possible at this time for this zone.
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4 Existing Guidance for Avoiding, Minimizing,
and Mitigating Impacts

Impacts imposed on the proposed benthic receptors from OSW energy development as described in
section 3 may be mitigated with appropriate environmental impact assessment, planning and selection
of appropriate installation methods throughout the lifetime of a project. Several of the best practices
described in this section may incur tradeoffs in the form of alternative impacts to benthic communities,
so each option should be carefully weighed with respect to the overall project and specific habitats
where installation is being considered. Case study reports and published literature have been reviewed
to present a summary of these best practices. BOEM will likely require any lessee or developer in the
AoA to implement pre and post construction monitoring, to better understand the local project impacts,
as they have done on other OSW projects in New York (BOEM 2021a; BOEM 2023b). The guidance
included in this section may be used for general planning purposes and is not an exhaustive list.
Conservation recommendations for future development will likely be significantly refined based on

project specific impacts and operations.

In addition to stressor-specific or multiple-stressor mitigation tactics described below, general best
practices should be implemented throughout the OSW energy development lifespan and may need to

be adjusted for each activity. Strict adherence should be applied to mitigation protocols, including those
for waste management, construction, and regulatory procedures. Post-construction maintenance and
monitoring should be planned and the groundwork laid well in advance of the pre-construction phase.
Monitoring is of particular importance and should include detailed and comprehensive baseline surveys
of potential areas for implementation within the AoA, including biological assemblages, substrate type,
water quality, hydrodynamic patterns, and physical-ecological tolerances for receptor species, as outlined
for other OSW projects in the Mid-Atlantic Region (Ocean Wind 1 and South Fork Wind Farm) (BOEM
2021a; BOEM 2023b).

Commitment to monitoring of pre-construction benthic conditions and changes post-construction

should be planned upfront, with schedule and metrics outlined for the lifespan of the OSW, as well as
considerations for post-decommission time periods (Allen et al. 2020; BOEM 2021a; BOEM 2023b).
This commitment also includes implementing response and intervention protocols in the event of adverse

benthic changes, such as introduction of invasive species or severe benthic habitat destruction. In some

64



cases, these protocols may include the potential for impact offset measures, such as habitat
restoration (including deep-sea habitats, an emerging area of active research), additional protection
policies, or ecological offset payments (Van Dover et al. 2014; Bennum et al. 2021; Montseny

et al. 2021; Danovaro 2021).

4.1 Bottom Disturbance

As discussed in section 3, the greatest potential impact to benthic receptors is damage to biotic
structures and or/habitat from direct contact as a result of structure/cable installation, anchoring,

and/or chain contact with the seafloor. To avoid or minimize these impacts, siting of structures and

any bottom-impact activity well-away from critical habitats and specific benthic receptors is a key
consideration. For oil and gas rigs that can cause benthic impacts similar to those described for OSW,
guidelines from the U.S. Department of Interior restricted placement of structures near sensitive benthic
communities at depths deeper than 300 meters (within the Gulf of Mexico). These guidelines indicate

a minimum distance buffer of 2,000 feet for the discharge of mud and cuttings, with an additional

1,000 feet buffer if the platforms are anchored. Additionally, a 250-foot buffer must be maintained

for any other potential benthic disturbances including those caused by chains, lines, and placement

of pipelines (DOI 2010). Further regulatory framework from federal agencies is needed to establish
whether these or other buffering guidelines are appropriate for OSW structures. Sensitive species/habitats
at a minimum are defined by the benthic receptors listed herein (deep-sea corals, deep-sea sponges, sea
pens, and hard bottom), but consideration may also be given to other species/habitats which meet one

or more of the following criteria:

e  Species/habitats that form structurally complex features, including abiotic structures
(e.g., boulder fields, sediment ripples, mega ripples).

e  Rare or endemic species.

e  Species/habitats particularly sensitive or not adapted to frequent disturbances
(e.g., slow growing/long-lived species).

e  Species listed as threatened or endangered (International Union for Conservation of Nature red
list and/or Convention on International Trade in Endangered Species of Wild Fauna and Flora).

e  Species/habitats of particular economic value or that provide key ecosystem services.

e  Habitats that host high levels of biodiversity (i.e., “hotspots”).

e  Habitats under special designations such as EFH, Habitat Areas of Particular Concern (HAPCs),
deep-sea coral protection areas (e.g., Frank R. Lautenberg or Georges Bank discrete coral
protection zones), or other designations.
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Prior to all construction, post-construction (operations), and decommissioning activities that involve
seabed preparation, cable burial, and scour protection, construction companies must provide notification
to the Bureau of Safety and Environmental Enforcement (BSEE), as required by BOEM in the Ocean
Wind 1 ROD and the South Fork Farm ROD (BOEM 2021a; BOEM 2023). Anchoring plans should

be prepared for all activities that occur within the 500 meters of seabed habitat and complex habitats
determined by environmental assessments and pre-construction surveys (BOEM 2021a; BOEM 2023).
The submission of micrositing plans is required for the intended routing of inter-array cables and other
cables that may impact raised areas of the seabed such as ridges and areas identified with complex habitat.

The siting plans must also account for proposed boulder relocations (BOEM 2021a; BOEM 2023).

If siting cables, foundations, and/or anchors away from benthic receptors (or other species/habitats listed
above) is not an option, direct bottom disturbance in areas containing sensitive benthic communities
should be minimized or mitigated through use of alternative structures, installation procedures, and
routing. Best practices to minimize benthic disturbance from installation of submerged power cable
corridors include laying cables over the shortest possible distance between points while avoiding critical
habitats, minimize the numbers of cable crossings between structures, and bundle multiple cable lines
together where practical (for instance, when multiple OSW energy developments are present in a region)
(OSPAR 2012). For particularly sensitive soft-sediment habitats, alternative approaches of cable burial
versus a lain-down technique should be considered for tradeoffs between acute sedimentation and/or
direct bottom disturbance and potential for long-term electromagnetic field emissions (although these
have not yet been studied in the proposed benthic receptors). One approach to mitigate trenching and
sedimentation impacts for cable burial is to use a horizontal directional drilling technique, whereby
burial corridors are created below the benthic surface by tunneling; however, this technique is primarily
only used within intertidal or shoreline interfaces of export cables, outside of the AoA (Worzyk 2009).
Where cables are buried, guidelines indicate a burial depth of approximately 4 to 6 feet outside of
shipping channels is recommended; however, burial regulations are driven by multiple governmental
and industry agencies including the U.S. Army Corps of Engineers (Dresser 2021), and, as such,
recommended burial depths will be agency, site, and context specific. For floating structures that
require tethering between platforms and anchors, use of taut line chains (e.g., tension leg platforms)
rather than slack or catenary chain may minimize the risk of physical damage to the seafloor from

chain contact. In general, direct effects on benthic habitats would likely be minimized by selecting
floating OSW energy over use of monopile foundations (ICF 2021). However, careful consideration

of the siting of cables and anchoring would be required.
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4.2 Changes in Water Quality

While changes in water quality may present a risk to benthic receptors, mitigation of impacts from
activities that resuspend sediments may be accomplished by phasing out additives or considering
dispersal potential of pollutants and sediments. Pile driving, trenching and other activities that may
increase sediment resuspension should be appropriately managed to reduce dispersal to areas that
contain sensitive benthic receptors. This may include limiting the duration of construction activities,
selecting alternative infrastructure which require less bottom disturbance (section 5.1) such as suction
caissons. Gravity anchors, meanwhile, incur the largest sedimentation impacts into the water column
and should be avoided if water quality is a primary impact consideration (ICF 2021). Construction
methods that reduce bottom disturbance (section 5.1) should be prioritized where possible. For instance,
installation of bottom-laid export cables can be performed by jet plowing in soft bottom substrates as
opposed to other techniques which more severely perturb bottom sediment (Bennum et al. 2021).
Timed avoidance of specific activities that impact water quality (e.g., construction, vessel operations)
should be considered during sensitive time periods, such as during reproductive periods, as discussed
in the previous section (section 4.1). Mitigation techniques for chronic sedimentation driven by scour
should also be considered in tandem with scour protection measures, discussed in section 4.3. Waste
disposal should be well-managed to mitigate dispersant impacts, and protocols should be in place to
rapidly respond to chemical leaks or spills (Bennun et al. 2021). Where possible, non-toxic antifouling
coatings should be prioritized over biocidal chemical agents for submerged structures to minimize the

risk of chemical leachants (Nurioglu et al. 2015; see section 4.3).

In addition to spatial avoidance of benthic receptors, developers should consider the timeframes

during which construction and installation will take place with respect to ecologically sensitive events,
which may occur over diel or seasonal cycles (Cordes et al. 2016). For instance, developers may avoid
construction periods that overlap with coral or sponge spawning events, which may occur between

late January and early March in the North Atlantic (in the case of the reef-forming coral Desmophyllum
pertusum) (Brooke & Jarnegren 2013). Seasonal restrictions are recommended by BOEM for foundation
installation activities in other OSW development projects within the Mid-Atlantic; however, most
seasonal restrictions are for protection of marine mammals and migratory fish (BOEM 2021; BOEM
2023). When possible, construction should be paused for several weeks prior to and following these
timeframes, to minimize stressors that could reduce coral fecundity leading up to spawning (Le Goff-
Vitry et al. 2004; Waller and Tyler 2005) or impact larval survival and transport after the spawning
event (Jarnegren et al. 2017). The severity of impacts on benthic receptors during the phases of OSW

farms can be compounded by variable sensitivity of life cycle stages of benthic receptors.
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In general, larval life stages of corals, sponges, and sea pens have been shown to exhibit increased
sensitivity to stressors, including reduction of water quality from sedimentation events and accidental
release of oil, and noise pollution during construction (see section 3). These stressors can result in
mortality of larvae in the water column, impact recruitment to healthy reef sites, and affect their ability
to settle on benthic substrates. Despite the importance of timing windfarm impacts with life-cycle
stages to reduce the severity of impacts within these benthic receptors our initial understanding of
their spawning dynamics remains limited. As an example, only 4% of all known deep-sea coral species
(including sea pens) have published assessments of reproduction dynamics (Waller et al. 2023), including
seasonal periodicity or lack thereof, which can impede informed timing of windfarm phases to reduce
severity of impacts. Within deep-sea sponges an assessment of reproductive strategies has been performed
for a limited number of species. Deep-sea sponge species in the genus Geodia exhibited periodicity of
spawning during summer months (May-September) (Koutsouveli et al. 2020; Spetland et al. 2007)
with a similar pattern of summer periodicity (June-August) observed in Thenea abyssorum (Witte
1996). It should be noted that all deep-sea corals investigated exhibit this periodicity, with Radiella

sol exhibiting uncoordinated gamete production suggesting an extended aperiodic reproduction cycle
(Witte 1996). Based on the limited availability of reported spawning periodicity it is currently not
possible to suggest a window of time during which the impacts to benthic receptor larvae would be
most impactful, but available data suggests that avoidance of construction work associated with noise
pollution and sedimentation events during August to September could minimize impacts of these
stressors to receptors with published periodicity within the AoA (Table 5). However, water quality
effects may be present over all phases of OSW projects including the operational phase, and thus
moratoria on the sources of all stressors which could have time-dependent effects on reproductive

success may not be feasible (e.g., operational artificial light at night or mechanical noises).
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Table 5. Summary of Available Spawning Periodicity of Abundant Members of Benthic Receptor
Groups within Area of Analysis Adapted from Waller et al. (2023)

Assessment of published reproductive periodicity was performed at the species level when available,
those receptors that were assessed only at the genus level are indicated with an asterisk (*). Periodicity
is indicated for benthic receptors as follows, P; exhibits periodic reproduction, AP; exhibits

aperiodic reproduction.

Receptor

Periodicity

Reference

Stony Corals

Desmophyllum dianthus

P (August-September)

Feehan et al. 2019

Solenosmilia variabilis

P (April-September)

Pires et al. 2014

Gorgonian Corals

Keratoisididae

Acanthogorgia

Acanella

Paramuricea™

P(September-October)

Grinyo et al. 2018

Soft/Stoloniferan Coral

Anthomastus™

AP

Cordes et al., 2001

Sea Pens

Rice et al.1992

Kophobelemnon* AP

Protoptilum - -

Black Coral

Parantipathes - -

Bathypathes - -

Sponges

Polymastia - -

Asconema foliatum - -

Regadrella - -

4.3 New Structures and Scouring Around Sea Floor Structures

Many studies of OSW energy structures and other offshore platforms have noted the potential for
installed infrastructure to create habitat in the form of artificial reefs. While artificial reefs are viewed
by some as potentially ecologically “positive” (e.g., Macreadie et al. 2011; Fowler et al. 2018), any
introduction of additional hard bottom from OSW energy foundations, anchors, and associated features
that alter existing habitat must be carefully considered with respect to ecological effects that may impact

surrounding benthic communities (Degraer et al. 2020). Colonization of OSW energy structures by sessile
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invertebrates like mussels, barnacles, corals, tunicates, and algae can increase biodiversity and

biomass, but may also allow for a “stepping-stone” effect for non-native species to access new areas

and exert pressures on native benthic ecosystems (Bulleri and Airoldi 2005; SEER 2022). For this
reason, proximity of OSW energy sites to nearby communities should be assessed in conjunction

with local current regimes and other factors that create connectivity between artificial reefs and native
benthic habitats. Proactive anti-biofouling measures can also be employed to mitigate artificial reef
effects, including mechanical removal, such as scraping and high-pressure jet washing, or chemical
removal, such as biocidal paints or dips. However, while mechanical removal is highly effective in
removing foul, these methods may exacerbate biological impacts by releasing non-native propagules,
contaminants, or organic material from a fouled structure (Hopkins et al. 2021). On the other hand,
biocidal chemical agents may also impact local water quality as a result of leaching into the water
column and/or uptake by fouling organisms especially when paired with co-stressors such as high
temperatures, e.g., from substation cooling circuits (Taylor 2006). Recent years have shown an increase
in the development of various non-toxic/non-biocidal antifouling coatings that are effective for submarine
applications, and these should be prioritized for project components wherever feasible (Nurioglu et al.
2015). All efforts should be made to prevent the initial introduction of non-native species or pathogens
(e.g., via ballast water from construction vessels or fishing vessels) that might be attracted or promoted
by artificial substrate. Comprehensive post-construction monitoring may allow for response in the event
of non-native species introductions, such that these organisms might be quickly identified and potentially
removed before they become spread to surrounding habitats and mitigation becomes unmanageable.
Post-construction monitoring can also mitigate stresses from introduced organisms by helping to identify

any realized impacts to benthic receptors that might be prioritized for offset by future restoration efforts.

One potential risk from the development of OSW energy areas is the displacement of fishing or other
human activities into adjacent areas that are otherwise relatively unimpacted (e.g., in the event that
new structures create habitat which attracts fish into a new area, or if fish are displaced to other areas
due to avoidance of OSW impacts). If this is the case for the AoA, activities such as recreational or
commercial fishing may be displaced into areas that have not historically been fished and therefore
may have an impact on relatively “pristine” benthic habitat (e.g., Davies et al. 2007). Spatial models
and socio-economic studies should be explored to assess risk of displacement, and precautionary
approaches put in place to reduce any potential impact in areas with high-quality benthic receptor

habitat that may be at risk to activity displacement.
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Several methods have been developed for the mitigation of scour around marine structures. Placement
of boulders or riprap around anchors, foundations, and other bottom-contacting structures are the

most common methods but should be carefully planned to avoid failures due to local shear forces or
structure-induced bed degradation (Tang et al. 2022). Scour protection can also be achieved by altering
flow via sea floor “collars” around foundations, which can prevent hydrodynamic vortex downstream
of marine structures (Pandey et al. 2020). However, placement of both riprap and collar structures

can also inherently increase the footprint of introduced hard bottom that can exacerbate impacts from
artificial reef effects and the overall area of habitat conversion from soft bottom to hard bottom. Scour
could alternatively be reduced by treating sediment around foundations or other sea floor structures

to immobilize particles and mitigate liquefaction. One method of treatment is the use of microbially
(or enzyme) induced calcite precipitation (MICP, EICP) by which calcium-carbonate-producing
bacteria or enzymes are injected into sediment to bind sand particles for improved stability. However,
this method also may produce adverse effects, such as release of ammonia or biogases as a byproduct
of the biochemical processes (Tang et al. 2022). Overall, reduction of the seafloor footprint that would
reduce scour from the outset and minimize the need for additional scour protection measures likely a
primary mitigation step to proactively reduce impacts from scour around sea floor structures (Bennun
et al. 2021). Shared anchor systems in which multiple moorings are attached to single anchors can
also reduce the footprint of introduced structures, thereby reducing the need for additional scour
protection materials and the colonizable area that contributes to the artificial reef effect (Fontana 2019;

Tetra Tech Report).

4.4 Changes to Atmospheric/Oceanographic Dynamics

Changes to oceanographic and/or wind dynamics in the area may be unavoidable with the
implementation of OSW energy structures, but impacts may be mitigated primarily through appropriate
site selection, such that altered primary production at the surface and/or transport to depth is far away
from vulnerable benthic receptors (see also: Bottom Disturbance) (Van Der Molen et al. 2014).
Disruption of hydrodynamics below the surface may be additionally mitigated by selecting a floating
windfarm option over a bottom-foundation structure, which may alter current dynamics as a physical
flow barrier within the water column. Understanding OSW driven changes to oceanographic and
atmospheric dynamics are difficult to quantify in situ, which necessitates the use of models to predict
OSW impacts on ecosystems (Van Der Molen et al. 2014), shelf seas (Cazenave et al. 2016), and

upwelling regions (Raghukumar et al. 2023). Changes to oceanographic dynamics could lead to
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changes (e.g., biogeochemical, nutrient flow, and food supply) that have potential impacts on benthic
communities (e.g., Davies et al. 2009; 2010; Mienis et al. 2012). In a study by Van Der Molen et al.
(2014), the presence of large-scale OSW arrays suggested environmental changes of 17% wave
height reduction and 25% reduction in suspended sediment, but generated relatively weak impacts
on biogeochemical cycles, with most changes occurring within the arrays and small changes tens

of kilometers away. Greater distances between turbine structures in the array led to decreased
environmental impacts, which suggests that fewer, larger turbines may introduce less impact on
oceanographic dynamics than a higher number of smaller turbines (Van Der Molen et al. 2014).
Guidance on avoiding, minimizing, and mitigating impacts created from OSW driven environmental
changes on oceanographic conditions can be taken from modelling studies in combination with
remote sensing techniques (as used in Cazenave et al. 2016) to monitor OSW impacts with

associated monitoring.

4.5 Noise

While noise is not considered a major impact stressor with respect to benthic receptors, noise may

be mitigated primarily during the construction phase with the selection of alternative foundation and
anchor types and installation technologies. For instance, installation of monopile foundations that

require extensive piling might be avoided with the use of “quiet” alternative foundation types, which
include gravity bases or suction caissons (although these options should be weighed against the potential
impacts from bottom disturbance and/or sedimentation effects) (IUCN 2021). However, floating wind
foundations may incur less noise during construction, as the noise required during foundation installation
would be altogether avoided. The mitigation concept of a “soft start,” a gradual ramping of construction
activities in an area, may be appropriate for mitigation of noise with respect to mobile species (BOEM
2021; IUCN 2021; BOEM 2023), but will likely not minimize risks to benthic receptors of interest, which
are sessile in the adult stage. As described in section 3, noise may impact early life stages more than
mature organisms. For this reason, best practices instead indicate time closures for construction activities
during sensitive spawning time frames. BOEM does recommend seasonal restrictions for fish and marine
mammals in the Ocean Wind 1 and South Fork Wind Farm RODs, but does not currently recommend
restrictions for benthic species, which could be considered for deepwater benthic species (BOEM 2021a;
BOEM 2023) (see also: Bottom Disturbance). However, data on reproduction and spawning attributes
remains lacking for many deep benthic receptors. Other possible noise mitigation methodologies include
“channel mitigation” practices, which involve reflection of noise waves away from sensitive areas. Types
of channel mitigation might include pneumatic barriers (“bubble curtains”) around construction activities,

noise mitigation screens and use of hydro-sound dampening (Dahne et al. 2017; IUCN 2021).
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4.6 Unexploded Ordnance Detonation

As impacts from UXO detonation to benthic receptors remains poorly understood, recommendations
for best practices with respect to this stressor are lacking. However, based on evidence from bottom
disturbance (see section 3), a commonsense approach suggests complete avoidance of UXO detonation
near benthic receptors with a significant buffer distance to mitigate any direct damage (i.e., from initial

explosion and shrapnel) or indirect (i.e., from resuspension) (See also: Bottom Disturbance/Avoidance).

4.7 Artificial Lighting

Potential impacts of artificial lighting on deep-sea communities in the form of altered diel cycling and
organic material supply to deep-sea habitats can be avoided by restricting use of artificial light in the

following ways (Orr et al. 2013), but may be difficult to achieve due to safety requirements:

e  Minimize the number of lights, light intensity and/or duration of lights used in the OSW
energy development area, particularly at night (limited by safety requirements).

e  Prioritize flashing lights over continuous light and minimize the flashing rate.

e Avoid “floodlighting” of areas larger than the necessary targets for construction
or maintenance operations.

e Avoid direct lighting of the ocean surface when unnecessary.

e  Use automatic shut-off timers and/or adjustable light-intensity devices.

These best practice mitigation measures apply to all phases of the OSW energy development lifespan
but may be especially relevant to periods where acute light intensity is exhibited, for example, during

the construction phase, and long-term safety lighting during the post-construction/operational phase.

4.8 Electromagnetic Fields

No data currently exists on impacts of electromagnetic fields (EMFs) from submerged power cables
on the benthic receptors analyzed in this study, but direct or indirect impacts cannot be ruled out. To
mitigate EMFs as well as associated thermal emissions, alternative cable types, which have reduced
emission potential should be considered. In particular, it has been recommended that three-phase
alternating current (AC) or bipolar high-voltage direct current (HVDC) transmission systems, which
generally emit weaker magnetic fields, be used rather than high-emission monopolar direct current

(DC) cables (Taormina et al. 2018). Besides cable type, EMFs may also be mitigated through
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trenching/burial of cables below the seafloor, or armoring/sheathing of cables with non-magnetic concrete
mattresses, rocks, or half-pipe shell covers. If these tactics are employed, it is also important to consider
the tradeoff impacts of introducing new structures to existing marine habitats, particularly where cable

are to be laid near or within sensitive benthic habitats (see also: New Structures; Bottom Disturbance).

4.9 Vessel Traffic

Implementation of operational/construction protocols during multiple phases of OSW energy
development can minimize potential impacts from vessel traffic (IUCN 2021). These protocols

may include:

e  Management or restriction of movement within the zone of the AoA.

e Avoidance of re-anchoring for vessels to reduce the bottom areas effected by anchoring
impact (see also: Bottom Disturbance).

e  Enforcement of vessel closures for non-personnel within the AoA (e.g., fishing, diving
vessels, depending on marine use policy of the area).

e  Minimizing the number of vessels present to essential personnel only during each
phase of development.
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5 Knowledge Gaps and Future Considerations

5.1 Biological Data Gaps

A key observation of the literature review was that there is a lack of direct information for receptor
groups and OSW energy development and technologies, particularly for deeper living species due to a
current lack of any overlap in activities and species distributions. Therefore, studies were utilized that
described impacts from other anthropogenic activities, including oil and gas exploration/exploitation,

deep-sea mining, and bottom impact fisheries.

Additionally, understanding the distribution of selected organismal benthic receptors diminishes offshore
and within deeper waters. Most occurrences currently fall within Zone 2, where topographically complex
canyons intersect the shelf break, which provides hard substrata for colonization. This does not preclude
the fact that historical data suggests the presence of benthic receptors in both Zones 1 and 3. However,
there is not a clear expression of sampling effort throughout the AoA, as all the data available for
biological receptors are based upon surveys that were unsystematic in nature. For both biological and
geophysical (section 5.2) data gaps, future studies and monitoring designs should be coordinated with the
appropriate federal agencies (e.g., NOAA), with respect to federal environmental programs, including
data collection for EFH, the Endangered Species Act (ESA), National Environmental Policy Act (NEPA),

and other policies. The following monitoring or modeling activities could fill biological data gaps:

e  Habitat Suitability Modeling. Exploratory high-resolution habitat suitability modeling would
be a useful tool to provide information on the potential distribution of benthic receptor groups
within the AoA region. Such models should utilize the best available bathymetric data products
including multibeam bathymetry, along with species taxonomic and location data. Multiple
data sources could be explored for species occurrences including national and international
data providers such as NOAA and OBIS, but also regional providers such as state agencies,
non-profits and museums, to add value to the data compiled for this study. Best efforts should
be made to utilize presence-absence models over presence-only, providing absence data can
be located for the region. These studies will help establish potential presence of sensitive
benthic receptors and improve quality of data available, as well as feeding into ground
truthing surveys.

¢  Ground truthing. Habitat mapping and ground truthing in the AoA would also provide
valuable data, with specific focus on exploring both topographically complex emergent
hard substrata for the presence of VME indicator species such as deep-sea corals and deep-sea
sponges, and areas of soft sediment, which may host sea pen communities. Such an approach
should consider the utilization of remotely operated vehicles and uncrewed autonomous
vehicles over extractive or bottom impact sampling technologies to reduce potential
impact on benthic receptors.
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Characterization of Physical Environment in areas with vulnerable marine species.
Environmental characterization activities would help to establish detailed physical
oceanographic observations for areas that contain benthic receptor species. Such activities
may include benthic observatories or moorings which will help better understand the
environmental drivers that govern the distribution and health of receptors in the region.
Resulting data from these activities will also enable detailed monitoring of any impacts

of OSW.

Benthic receptors as EFH. Developing a deeper understanding of the important role
benthic habitats in the AoA play as EFH or for other species would fill critical knowledge
gaps as to how impacts to benthic communities may occur in areas of OSW development.

In situ monitoring systems (i.e., cameras, ROV) and experiments (i.e., in sifu and laboratory)
can help evidence behavioral and distributional changes in marine organisms associated
with OSW impacts. Efforts to this end should coordinate with NOAA, other state and federal
agencies, and scientific research groups to determine critical species of interest. As OSW
develops, changes in EFH should be monitored to provide ongoing information with

regard to the provision of EFH.

Cumulative effects of multiple wind projects. The cumulative impact of construction,
operation and decommissioning of multiple wind projects is uncertain. Stressors to benthic
habitat from OSW development are the same as those described in this study; however, the
stressors could potentially become compounded depending upon the number, location, and
spacing of new wind lease sites with respect to existing leases. The commitment by BOEM
to deploy 30 gigawatts (GW) of OSW energy by the year 2030 and 15 GW of floating OSW
capacity by 2035 has triggered rapid succession of OSW energy development in U.S. waters.
As of early 2023, there existed two demonstration-scale projects operating in federal and
state U.S. waters (offshore Virginia and Rhode Island), and two utility-scale projects in
federal waters approved by BOEM (offshore Massachusetts and Rhode Island). With

recent OSW energy auctions, over two dozen lease areas are planned for the Atlantic,

at the time this study was released. This rapid advancement has led BOEM to prepare

its first draft Programmatic Environmental Impact Statement (PEIS) for the six proposed
lease areas in the New York Bight. A focused, regional cumulative analysis is part of

this PEIS and will likely be central to future regional planning processes. To address
cumulative impacts, The Vineyard Wind Final Environmental Impact Statement assessed
“impacts that could result from the incremental impact of the Proposed Action and action
alternatives when combined with past, present, or reasonably foreseeable activities, including
other future offshore wind activities” (BOEM 2021b). Additionally, the Final Environmental
Impact Statement for the Empire Offshore Wind Projects off the coast of New York included
cumulative impact analysis (BOEM 2023a). Accompanying cumulative effects of development
comes with a high level of uncertainty generated from incomplete information in the past,
present, and future.
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5.2 Physical Data Gaps

Comprehensive and high-resolution data on seafloor structure and composition is paramount to proper

siting for offshore energy development and protection of biological resources and ecosystem services.

Paired with information on sensitive biological receptors, these provide valuable starting points for

identifying potential areas for new leases and development. As with biological receptors, data paucity

increases with depth and distance from shore. Similarly, as with biological receptors, this gap may

be filled or partially filled by OSW developer exploratory sampling after this report is published.

The following activities are recommended to fill the physical data gaps in the AoA:

Geophysical. Broad scale bathymetric information exists across the AoA. However,

given that the resolution (i.e., level of discernable detail) of these data vary, periodic

updates and improvements to these regional bathymetric models are recommended. For
example, backscatter data are not processed and utilized as routinely as bathymetry and

can be challenging to synthesize over large regional extents. Inclusion of backscatter in
focused and spatially limited studies combined with application of existing processing

and interpretation standards may assist with providing additional data on seafloor surface
composition. Synthesized data on subsurface composition (e.g., derived from sub-bottom
profilers and geotechnical surveys) are not available on the regional scale for the AoA

and could guide the identification of locations that would support the installation of buried
structures, such as cables.

Geomorphology. Development of standard terminology and visual examples is recommended
for collection of geomorphological information (i.e., formations on seafloor, such as abyssal
plains, canyons, etc.) interpreted from high-resolution geophysical data. These surveys are
typically required by OSW developers for their permitting submissions to BOEM. The
standardization of these methods would allow for better information sharing which would
provide consistent and valuable data to supplement regional models of geomorphology
derived from bathymetry.

Sediment. Interpolated soft sediment data are available for most of the AoA and modeled
data on predicted hard bottom likelihood are available for most of the southern portion of
Zones 1 and 2 of the AoA. These data, along with seabed forms, were used in combination to
provide a single combined ranking of hard bottom likelihood data set for the sensitivity analysis
provided in this study. However, more comprehensive and consistent data specific to mapping
the presence, extent, and nature of hard bottom habitats would greatly assist in pre-siting and
permitting activities in the AoA. Existing and ongoing regional seafloor mapping activities
and associated recommendations are currently being collated and proposed by the Regional
Wildlife Science Collaborative for Offshore Wind (RWSC). Close coordination with this
group and use of their mapping activities database is therefore recommended.
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5.3 Data Gaps in Potential Stressors

During the development, operation, and decommissioning of OSW, the greatest potential impact to
benthic receptors of deep-sea corals, deep-sea sponges, and sea pens is physical damage from direct
contact with equipment and structures, particularly, OSW energy developments, vessel anchors and
mooring lines, and bottom-impacting survey technologies. Other impacts during the lifetime of OSW
energy operations include stressors such as increased sedimentation, noise pollution, and changes in
hydrodynamics that could have adverse impacts on the recovery rate of these habitats and the ecosystem
services they provide (e.g., EFH). The cumulative impacts on receptor recovery are uncertain, as the
baseline health of receptors and the extent of primary damage, if any, may influence their susceptibility

to cumulative stressors.

The potential and degree of indirect impacts from some stressors are also uncertain as they are dependent

on site-specific conditions and hydrodynamics; these indirect impacts are discussed below:

o Artificial light. Artificial light resulting from both increased vessel traffic and windfarm
platforms is likely to have a minimal direct impact on benthic receptors within this study,
due to the attenuation of light at depths greater than 50 meters. While primary impacts may
be unlikely, artificial light at night can result in the modification of behavioral patterns in
other trophic groups, including zooplankton, who use negative phototaxis to coordinate vertical
migration patterns associated with their grazing of phytoplankton in the upper water column.
Alterations of these migration and grazing patterns have the potential to alter the nutritional
density of both zooplankton and their fecal pellets, which serve as part of the food supply for
benthic filter feeders. The potential impact on zooplankton nutrition on benthic is uncertain
and may be counteracted by increased primary production in surface waters due to changes
in hydrodynamics in the wake of the windfarm.

e Changes in Water Quality. Interest in the impacts of pollution and sedimentation within a
multi-stressor context has increased for many benthic organisms that are impacted by other
offshore industries such as oil and gas exploration and exploitation. However, no studies
are available from OSW for deep benthic species. Key uncertainties include the effects of
sedimentation and additional pollution from spills or leaks from infrastructure or vessels.
Additional considerations include how changes in food supply may have implications for
organisms that are exposed to one or more additional stressors.

e  Changes in Atmospheric and Current Dynamics. The severity of impacts resulting from
the changes in local hydrodynamics on benthic receptors during the operational lifetime of
offshore wind energy platforms is in part dependent on the selected sites and the surrounding
bathymetric features. Pre-constructions surveys can provide an understanding of existing
hydrodynamic features, including ocean currents, thermocline depth, and mixed layer depth,
as well as baseline environmental conditions including salinity, temperature, dissolved oxygen,
and food supply. An understanding of these local dynamics will provide further information
of how reduced wind speeds within the wake of wind farm platforms may result in secondary
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impacts on benthic receptors, including alteration of upwelling and downwelling dynamics and
generation of oxygen minimum zones in bathymetric depressions. Long-term changes in cold-
pool dynamics, bands of cold near-bottom water found in the Middle Atlantic Bight (Lentz et al.
2017), could lead to changes in fish communities associated with benthic communities (Miller
et al. 2017) and potentially lead to changes to the benthic communities themselves.

For example, benthic infaunal functional communities in the Bering Sea experienced a 24%
increase in biomass following cooling of mean bottom temperature from 2.7 °C (1958-59)

to 0.9 °C (1975-76) (Coyle et al. 2007). Much remains unknown regarding how changes to
cold-pool dynamics will impact benthic receptors in the AoA and future assessments should
consider how changes in oceanographic conditions may impact benthic receptors and EFH.
EMF. The impact of electromagnetic fields, generated from windfarm power cables, on
deep-sea corals, deep-sea sponges and sea pens remains uncertain with no published studies
conducted. Within our systematic literature review only 10 publications were identified

for the EMF as a stressor, and none had direct information pertaining to the proposed

benthic receptors.

Climate change implications. The benthic receptors of deep-sea corals, deep-sea sponges

and sea pens will be influenced by changing ocean conditions because of climate change

(Mora et al. 2013; Sweetman et al. 2017). Some species will experience range contractions
(e.g., Morato et al. 2020; Gasbarro et al. 2022) while others may experience range expansion
(Beazley et al. 2021; Bell et al. 2018). In a climate vulnerability assessment that included
deep-sea corals and sponges for estuarine, riverine, and marine habitats in the Northeast U.S.,
climate change is expected to negatively affect 80% of marine habitats with deep-sea corals

and sponges categorized as “very high” sensitivity and “moderate to high” exposure (Farr et al.
2021). These risks are a function of deep-sea corals and sponges lacking specific adaptations

to frequent disturbance, which lowers their ability to resist or recover from climate disturbances,
and their sensitivity to abiotic changes such as ocean acidification (Farr et al. 2021). It is likely
that some receptors will experience changing conditions during the operational lifetime of OSW
energy infrastructure, and the combined impacts of climate change and human activity, will
have yet unknown cumulative and interactive effects with other potential stress producing
factors that are likely more severe than a single stress producing factor.

5.4 Future Considerations

Current scientific understanding of how benthic receptors such as deep-sea corals, deep-sea sponges,

and sea pens will be impacted by deepwater offshore wind development is largely based on data

from analogous studies from more established anthropogenic activities such as fisheries, oil and

gas activities, deep-sea mining, etc. More site-, receptor-, and habitat-specific studies are needed to

improve understanding of the direct and indirect impacts of OSW on benthic habitats and benthic

species. The following are several key areas for exploration to better inform potential deepwater

OSW energy developments in regions where activities overlap with sensitive benthic habitats:
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Establishment of environmental and ecological baselines for benthic receptor groups.
Given the limited understanding of these receptors within the AoA, environmental and
ecological baselines through data collection and modeling efforts are recommended to be
created for each benthic receptor. This could include broadscale mapping, quantification

of the status of these habitats (including biodiversity, organismal health, and status) and
characterization of food supplies and environmental conditions in the immediate area of
receptors. Additionally, more information on fundamental biological processes such as

the periodicity and seasonality of reproduction, larval behavior and genetic connectivity

would further add to our understanding of potential impacts of OSW development.
Experimental assessment of the response of benthic receptors to major impact-producing
factors. Many responses of benthic receptors to deepwater OSW energy development are
difficult to predict due to a lack of experimental evidence that is focused on a range of expected
disturbance levels. Although most literature on impacts comes from well-established activities
such as oil and gas, with deep-sea mining rapidly emerging, there will undoubtedly be
differences in the magnitude and duration of any given impact-producing factor depending

on the technologies used. Studies that address these knowledge gaps related to OSW will

give more appropriate information on the potential responses of benthic receptors, especially

as OSW technology develops, and the footprint of activity from cabling, turbines, and other
associated structures is better defined.

Implications of changing climate on cumulative impacts from OSW energy development,
if any. Recent research has highlighted the potential susceptibility of benthic receptors to
environmental change, but how organisms will be impacted considering additional stressors
from industrial activity from OSW energy development should be explored. This may include
studies that consider distributional changes due to climate-related range shifts into areas that
overlap with OSW (both expansion and contraction) or increased sensitivity over time due to
climate-related stressors to better understand potential cumulative impacts from OSW activity.
Sustained monitoring to establish ongoing ecosystem impacts, if any. Once operations begin,
monitoring should assist with establishing the magnitude and footprint of potential impacts to
benthic receptor groups. These could incorporate direct physical oceanographic and geophysical
surveys within impacted regions. Biological monitoring may include assessments of receptor
health such as physiological metrics, recruitment, growth rates and additional observations from
associated biodiversity such as benthic invertebrate and pelagic communities. Coordination with
regional initiatives (e.g., RWSC) related to understanding impacts of OSW on benthic habitats
and communities should be included to enhance shared knowledge.
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Appendix A — Benthic Habitat Data Sources
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Geophysical

Geophysical

Geophysical
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Bathymetry,
backscatter, and
geomorphology -
Geomorphology
layer

Northwest Atlantic
Marine Ecoregional
Assessment
(NAMERA) -
Bathymetry

Bathymetry

Bathymetry

Bathymetry

Bathymetry

Butman, Bradford, Danforth, W.W., Twichell, D.C., and
Rona, P.A. 2017. Bathymetry, backscatter intensity, and
geomorphology of the sea floor of the Hudson Canyon
and adjacent slope and rise: U.S. Geological Survey data
release, https://doi.org/10.5066/F77H1GS

Butman, Bradford, Danforth, W.W., Twichell, D.C., and
Rona, P.A. 2017. Bathymetry, backscatter intensity, and
geomorphology of the sea floor of the Hudson Canyon
and adjacent slope and rise: U.S. Geological Survey data
release, https://doi.org/10.5066/F77H1GS

Greene, J.K., M.G. Anderson, J. Odell, and N. Steinberg,
eds. 2010. The Northwest Atlantic Marine Ecoregional
Assessment: Species, Habitats and Ecosystems. Phase
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Boston, MA. (2020 data update provided by TNC)

NOAA OER. 2015. Multibeam Report for EX1502L1.
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NOAA. 2023. National Centers for Environmental
Information — U.S. Coastal Relief Model, bathymetric
and geophysical data products

NOAA. 2023. National Centers for Environmental
Information (NCEI) - National Ocean Service (NOS)
Office of Coast Survey U.S. Bathymetric & Fishing Maps

Identifies unique habitat/
properties of seafloor

Identifies unique habitat/
properties of seafloor

Identifies unique habitat/
properties of seafloor

Identifies unique habitat/
properties of seafloor

Identifies unique habitat/
properties of seafloor

Identifies unique habitat/
properties of seafloor

Identifies unique habitat/
properties of seafloor

Spatial

Spatial

Spatial

Spatial

Spatial

Spatial

Spatial

Primary data to feed into
sensitivity analysis or risk
maps

Primary data to feed into
sensitivity analysis or risk
maps

Primary data to feed into
sensitivity analysis or risk
maps

Supplementary data
available for the AoA and/or
provided through
compilation data sets being
used for the sensitivity
analysis or risk maps

Supplementary data
available for the AoA and/or
provided through
compilation data sets being
used for the sensitivity
analysis or risk maps

Supplementary data
available for the AoA and/or
provided through
compilation data sets being
used for the sensitivity
analysis or risk maps

Supplementary data
available for the AoA and/or
provided through
compilation data sets being
used for the sensitivity
analvsis or risk maos

https://www.sciencebase.gov/catalog/item/58bdf
624e4b01a6517dc0fc3

https://www.sciencebase.gov/catalog/item/58bdf
624e4b01a6517dc0fc3

https://www.conservationgateway.org/Conservat
ionByGeography/NorthAmerica/UnitedStates/edc
/reportsdata/marine/namera/namera/Pages/defa
ult.aspx

https://www.ngdc.noaa.gov/ships/okeanos_explo
rer/EX1502L1_mb.html

https://www.ngdc.noaa.gov/ships/okeanos_explo
rer/EX1303_mb.html

https://www.ncei.noaa.gov/products/coastal-
relief-model

https://www.ncei.noaa.gov/products/coastal-
relief-model
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Environmental and Fisheries Site Assessment Studies Supporting the Benthic Habitat Study
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Geophysical

Sediment

Sediment

20f6

Bathymetry

Bathymetry

Bathymetry
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Northwest Atlantic
Marine Ecoregional
Assessment
(NAMERA) - Seabed
Forms

Northwest Atlantic
Marine Ecoregional
Assessment
(NAMERA) - Soft
Sediments

NOAA. 2023. NOAA’s Ocean Service and Office for
Coastal Management. U.S. Interagency Elevation
Inventory.

UNH CCOM. 2004. Multibeam Report for HENO4-3.

UNH CCOM. 2015. Multibeam Report for MGL1512.

WHOI. 2004. Multibeam Report for KN178.

WHOI. 2006. Multibeam Report for AT13.

Greene, J.K., M.G. Anderson, J. Odell, and N. Steinberg,
eds. 2010. The Northwest Atlantic Marine Ecoregional
Assessment: Species, Habitats and Ecosystems. Phase
One. The Nature Conservancy, Eastern U.S. Division,
Boston, MA. (2020 data update provided by TNC)

Greene, J.K., M.G. Anderson, J. Odell, and N. Steinberg,
eds. 2010. The Northwest Atlantic Marine Ecoregional
Assessment: Species, Habitats and Ecosystems. Phase
One. The Nature Conservancy, Eastern U.S. Division,
Boston, MA. (2020 data update provided by TNC)

Identifies unique habitat/
properties of seafloor

Identifies unique habitat/
properties of seafloor

Identifies unique habitat/
properties of seafloor

Identifies unique habitat/
properties of seafloor

Identifies unique habitat/
properties of seafloor

Identifies unique habitat /
properties of seafloor.

Identifies unique habitat /
properties of seafloor.

Spatial

Spatial

Spatial

Spatial

Spatial

Spatial

Spatial

Supplementary data
available for the AoA and/or
provided through
compilation data sets being
used for the sensitivity

analysis or risk maps
Supplementary data

available for the AoA and/or
provided through
compilation data sets being
used for the sensitivity
analysis or risk maps

Supplementary data
available for the AoA and/or
provided through
compilation data sets being
used for the sensitivity
analysis or risk maps
Supplementary data
available for the AoA and/or
provided through
compilation data sets being
used for the sensitivity
analysis or risk maps
Supplementary data
available for the AoA and/or
provided through
compilation data sets being
used for the sensitivity
analysis or risk maps
Primary data to feed into
sensitivity analysis or risk
maps

Primary data to feed into
sensitivity analysis or risk
maps

https://coast.noaa.gov/inventory/

https://www.ngdc.noaa.gov/ships/henson/HEN04-
3_mb.html

https://www.ngdc.noaa.gov/ships/marcus_g_lang
seth/MGL1512_mb.html

https://www.ngdc.noaa.gov/ships/knorr/KN178_
mb.html

https://www.ngdc.noaa.gov/ships/atlantis/AT13_
mb.html

http://www.conservationgateway.org/Conservati

onByGeography/NorthAmerica/UnitedStates/edc/
reportsdata/marine/namera/namera/Pages/Spati

al-Data.aspx

http://www.conservationgateway.org/Conservati
onByGeography/NorthAmerica/UnitedStates/edc/
reportsdata/marine/namera/namera/Pages/Spati
al-Data.aspx
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Sediment

Sediment

Sediment

Sediment

Sediment

Sediment

Sediment

Sediment

Sediment
Biodiversity /
Habitat
Suitability

30f6

Seafloor Substrate
Mapping - Hard
Bottom Likelihood

Seafloor Substrate
Mapping - Median
Grain Size

Northwest Atlantic
Marine Ecoregional
Assessment
(NAMERA) - Benthic
Habitat (SMAST
video analysis)

Sand Shoals

Sediment texture

Sediment texture

Surficial Sediment

Database

USGS usSEABED
database

Benthic survey

Battista, T. W. Sautter, M. Poti, E. Ebert, L. Kracker, J.
Kraus, A. Mabrouk, B. Williams, D.S. Dorfman, R. Husted,
and C.J. Jenkins. 2019. Comprehensive Seafloor
Substrate Mapping and Model Validation in the New
York Bight. NOAA Technical Memorandum NOS NCCOS
255 and BOEM OCS Study 2019-069. Silver Spring, MD.

187 bb. doi:10.25923/vvs0-aa98
Battista, T. W. Sautter, M. Poti, E. Ebert, L. Kracker, J.

Kraus, A. Mabrouk, B. Williams, D.S. Dorfman, R. Husted,
and C.J. Jenkins. 2019. Comprehensive Seafloor
Substrate Mapping and Model Validation in the New
York Bight. NOAA Technical Memorandum NOS NCCOS
255 and BOEM OCS Study 2019-069. Silver Spring, MD.

187 on. doi:10.25923/vvs0-aa98
Anderson, M. G., Greene, J., Morse, D., Shumway, D.

and Clark, M. 2010. Benthic Habitats. In the Northwest
Atlantic Marine Ecoregional Assessment: Species,
Habitats and Ecosystems. Phase One. J.K. Greene, M.G.
Anderson, J. Odell, and N. Steinberg, eds. The Nature
Conservancy, Eastern U.S. Division, Boston, MA. (2020
data update provided by TNC)

NCCOS Assessment: Modeled Distribution of Sand
Shoals of the Gulf of Mexico and the US Atlantic Coast
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properties of seafloor.
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properties of seafloor
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properties of seafloor.
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properties of seafloor.
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properties of seafloor.
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properties of seafloor
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Spatial
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Spatial
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Appendix A

Environmental and Fisheries Site Assessment Studies Supporting the Benthic Habitat Study

Type / SpeCifics Data Application StUdy Relevance
Type

Biodiversity / Deep sea stony coral Office for Coastal Management, 2023: Deep-sea Stony

Habitat habitat suitability
Suitability

Biodiversity / Distribution maps
Habitat
Suitability

Biodiversity / Coral and sponge
Habitat observations
Suitability

Biodiversity / Coral observations
Habitat
Suitability

Biodiversity / Deep sea coral
Habitat
Suitability

Biodiversity / Deep sea coral
Habitat
Suitability
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Coral Habitat Suitability.

OBIS. 2016. Distribution Map. UNESCO, Ocean
Biogeographic Information System.

USGS. 2023. Coral and Sponge observations in deep sea
canyons and on seamounts in the northwest Atlantic.

MADP. 2023. Coral Observations, Version 1.0. Obtained
through the Mid-Atlantic Ocean Data Portal.

NOAA 2012. Deep Sea Coral Research and Technology
Program. National Geodatabase of Deep Sea Corals and
Sponges. National Oceanic and Atmospheric

Administration.

NOAA 2014. Deep Sea Coral Research and Technology
Program 2014 Report to Congress. National Oceanic and
Atmospheric Administration.

Identifies unique habitat
to show how species are
using the AoA.

Identifies TES present and
where concentrated in
AoA or how using AoA
(time of year or life stage)

Identifies TES present and
where concentrated in
AoA or how using AoA
(time of year or life stage)

Identifies unique habitat
to show how species are
using the AoA.

Identifies TES present and
where concentrated in
AoA or how using AocA
(time of year or life stage)

Identifies unique habitat
to show how species are
using the AoA.

Identifies TES present and
where concentrated in
AoA or how using AocA
(time of year or life stage)

Identifies unique habitat
to show how species are
using the AoA.

Identifies TES present and
where concentrated in
AoA or how using AocA
(time of year or life stage)

Identifies unique habitat
to show how species are
using the AoA.

Identifies TES present and
where concentrated in
AoA or how using AocA
(time of year or life stage)

Spatial

Spatial

Spatial

Spatial

Spatial

Primary data to feed into
sensitivity analysis or risk
maps

Primary data to feed into
sensitivity analysis or risk
maps

Supplementary data

available for the AoA and/or

sensitvity analysis

Supplementary data

available for the AoA and/or

sensitvity analysis

Supplementary data

available for the AoA and/or

sensitvity analysis

Non-spatial/ Risk rating guidance

report

https://www.fisheries.noaa.gov/inport/item/4887
8

https://obis.org/

https://www.gbif.org/dataset/602e1bdf-385d-
447c-818a-58266b7c7fce

https://portal.midatlanticocean.org/static/data_
manager/metadata/html/corals.html

https://deepseacoraldata.noaa.gov/

https://www.coris.noaa.gov/activities/reportcong
ress_dscrtp_2014/welcome.html
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Environmental and Fisheries Site Assessment Studies Supporting the Benthic Habitat Study

Type / SpeCifics Data Application StUdy Relevance
Type

Biodiversity / Deep sea soft coral
Habitat habitat suitability
Suitability

Biodiversity / Hudson Canyon

Habitat benthic habitats

Suitability characterization and
mapping by
integrated analysis
of multidisciplinary
data

Biodiversity / Marine habitat
Habitat

Suitability

Biodiversity / Sponge

Habitat

Suitability

Resource Frank R. Lautenberg
Management Deep Sea Coral
Areas Protection Area
Resource New York Bight
Management

Areas Areas
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Office for Coastal Management, 2023: Deep-sea Soft
Coral Habitat Suitability. (Model output for deep-sea
coral habitat suitability in the U.S. North and Mid-
Atlantic from 2013)

Pierdomenico, Martina & Guida, Vincent & Rona, Peter
& Macelloni, Leonardo & Scranton, Mary & Asper,
Vernon & Diercks, Arne. (2013). Hudson Canyon benthic
habitats characterization and mapping by integrated
analysis of multidisciplinary data.

Pierdomenico M, Guida VG, Macelloni L, Chiocci FL,
Rona PA, Scranton M, Asper V, Diercks A (2015)
Sedimentary facies, geomorphic features and habitat
distribution at the Hudson Canyon head from AUV
multibeam data. Deep Sea Research Part II: Topical
Studies in Oceanography 121:112-125.

Pierdomenico M, Gori A, Guida V.G., Gili J-M (2017)
Megabenthic assemblages at the Hudson Canyon head
(NW Atlantic margin): Habitat-faunal relationships.

Mérine' Habita{,'Co'raI's,'Iobster. Woods Hole Coastal and
Marine Science Center. 2023.

Climate Change Winner in the Deep Sea? Predicting the
Impacts of Climate Change on the Distribution of the
Glass Sponge Vazella pourtalesii

MAFMC/NMFS. 2016. Amendment 16 to the Atlantic
Mackerek, Squid, and Butterfish Fishery Management
Plan. Measures to Protect Deep Sea Corals from the

Impacts of Fishing Gear.
NOAA Greater Atlantic Regional Fisheries Office, 2022:

Identifies unique habitat
to show how species are
using the AoA.

Identifies TES present and
where concentrated in
AoA or how using AoA
(time of year or life stage)

Spatial

Identifies unique habitat/ Non-spatial/
properties of seafloor report

Identifies unique habitat
to show how species are
using the AoA. Identifies
TES present and where
concentrated in AoA or
how using AoA (time of

vear or life stage)
Information may be useful Non-spatial/

when assessing cumulative report
impacts or impacts from
OSW development.

Spatial

Identifies unique habitat  Spatial
to show how species are

using the AoA.

Identifies potential use Spatial

Scallop Management Atlantic Sea Scallop Managed Waters Fishing Year 2022; conflicts

Supplementary data
available for the AoA and/or
sensitvity analysis

Supplementary data
available for the AoA and/or
sensitvity analysis;

Risk rating guidance

Supplementary data
available for the AoA and/or
sensitvity analysis

Risk rating guidance

Primary data to feed into
sensitivity analysis or risk
maps

Primary data to feed into
sensitivity analysis or risk
maps

https://www.ncei.noaa.gov/access/metadata/landing-
page/bin/iso?id=gov.noaa.nodc:145923

https://www-sciencedirect-
com.une.idm.oclc.org/science/article/pii/S096706
4515001332#s0115

MarineCadastre.gov

Climate Change Winner in the Deep Sea?
Predicting the Impacts of Climate Change on the
Distribution of the Glass Sponge Vazella
pourtalesii (uri.edu)

https://www.int-

res.com/articles/feature/m6570001.0df
https://www.fisheries.noaa.gov/resource/map/fr

ank-r-lautenberg-deep-sea-coral-protection-areas-
map-gis

https://www.fisheries.noaa.gov/resource/map/atl
antic-sea-scallop-managed-waters-fishing-year-
2022
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Environmental and Fisheries Site Assessment Studies Supporting the Benthic Habitat Study

Type / SpeCifics Data Application StUdy Relevance
Type

NOAA. 2022. Notice of Intent to Conduct Scoping and To Identifies unique habitat/ Spatial
Prepare a Draft Environmental Impact Statement for the properties of seafloor

Resource Proposed

Management Designation of
Areas Hudson Canyon
National Marine

Sanctuarv
Resource

Areas

Anthropogeni Artificial Reefs

¢ Benthic
Constraints

Anthropogeni Ocean Disposal

¢ Benthic Sites
Constraints

Anthropogeni Shipwrecks and
Obstructions

¢ Benthic
Constraints

Anthropogeni Submarine Cables

¢ Benthic
Constraints

Anthropogeni Unexplored

¢ Benthic ordnances

Constraints

Anthropogeni Unexplored

¢ Benthic ordnances

Constraints

Biodiversity / Deep sea soft coral
habitat suitability

Habitat
Suitability
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Tilefish Gear
Management Restricted Area

Proposed Hudson Canyon National Marine Sancutary.

Document Citation 87 FR 34853.

50 CFR Chapter VI Part 648 Subpart N 648.297. 2011.

Tilefish gear restircted areas (NOAA GARFFO).

Office for Coastal Management, 2023: Artificial Reefs,

NOAA Office for Coastal Management, 2023: Ocean
Disposal Sites,

NOAA Office of Coast Survey, 2016: Wrecks and
Obstructions Database,

NOAA Office for Coastal Management, 2018: NOAA
Charted Submarine Cables,

NOAA. 2020(b). Unexploded Ordnance Areas

NOAA. 2020(a). Unexploded Ordnances,

Kinlan BP, Poti M, Drohan AF, Packer DB, Dorfman DS,

Nizinski MS (2020) Predictive modeling of suitable
habitat for deep-sea corals offshore the Northeast

United States. Deep Sea Research Part I: Oceanographic

Research Papers 158: 103229 ; Updated habitat
suitability model vis a vis 2013 NCEI coral habitat
suitability. *Not yet available in public repository

Identifies habitat and
species presence.

Identifies unique habitat/
properties of seafloor

Identifies potential use
conflicts/hazards

Identifies potential use
conflicts/hazards

Identifies potential use
conflicts/hazards

Identifies potential use
conflicts/hazards

Identifies potential use
conflicts/hazards

Identifies unique habitat
to show how species are
using the AoA.

Identifies TES present and
where concentrated in
AoA or how using AoA
(time of year or life stage)

Spatial

Spatial

Spatial

Spatial

Spatial

Spatial

Spatial

Spatial

Supplementary data

available for the AoA and/or

sensitvity analysis

Supplementary data

available for the AoA and/or

sensitvity analysis
Primary data to feed into
sensitivity analysis or risk
maps

Primary data to feed into
sensitivity analysis or risk
maps

Primary data to feed into
sensitivity analysis or risk
maps

Primary data to feed into
sensitivity analysis or risk
maps

Primary data to feed into
sensitivity analysis or risk
maps

Supplementary data

available for the AoA and/or

sensitvity analysis
Supplementary data

available for the AoA and/or

sensitvity analysis

https://sanctuaries.noaa.gov/hudson-canyon/

https://www.fisheries.noaa.gov/resource/map/til
efish-gear-restricted-areas

https://www.fisheries.noaa.gov/inport/item/5419
1.

https://www.fisheries.noaa.gov/inport/item/5419
3.

https://nauticalcharts.noaa.gov/data/wrecks-and-
obstructions.html

https://www.fisheries.noaa.gov/inport/item/5723
8

https://data.noaa.gov/dataset/dataset/unexplode
d-ordnance-areasl

https://data.noaa.gov/dataset/dataset/unexplode
d-ordnance-areasl/resource/42b7f452-ch91-4a00-
a7c7-4c044bb016e9

(Not yet available in NOAA repository - Data shared
with permission from authors of study listed in

description




Appendix B. Detailed Literature Review Methods and
Results

The terms from each of the three columns (Table 1) were used in a matrix of 684 combinations to search
for relevant literature using the “rscopus” package in R, which searched literature records from the
Scopus database, including title, abstract, keywords, and any full text search that was available. In 2004,
publisher Elsevier created Scopus, a widely used database that indexes over 34,000 peer-reviewed
journals (www.scopus.com), representing a similar level of data to other citation search engines. No date

limitation or journal/field of study constraint was applied to the search.

Table 1. Benthic spatial data search categories.

Category Examples
Geophysical Multibeam echosounder bathymetry and backscatter; side-scan sonar; geoforms
Sediment Sediment type (grain size, CMECS substrate classification)
Biodiversity / Habitat Metrics on presence and/or distribution of sensitive, threatened, and endangered
Suitability species; designated essential fish habitat and habitat areas of particular concern
Resource Management Areas designated to prohibit or restrict fisheries-related seafloor disturbance
Areas activities to protect seafloor habitats and demersal species
Anthropogenic Benthic Charted submarine cables; disposal areas; unexploded ordnance; shipwrecks
Constraints

From the initial search, 19,388 sources were returned from the matrix of 684 search terms, which includes
duplicate records that appeared in more than one search term. For the receptor search terms, sources
pertaining to “deep-sea/cold-water corals” were the most abundant with 59 percent of records, followed
by “hard ground/bottom” with 26 percent of records. Both “deep-sea sponges” and “sea pens” returned
limited amounts of matches (< 10 percent). For stressors, “hydrodynamics” was the most frequently
returned term with 25 percent of records returned, followed by “thermal stress” and “pollution”, with 16

percent and 15 percent of records, respectively.

For constraint group terms, “offshore wind energy” terms only consisted of 6 percent of the returned
sources with “oil” and “gas” representing the majority of sources with 60 percent. This demonstrates that
at the unscreened level, publication output and by proxy, research intensity, is heavily weighted to the
impacts of oil and gas exploration and extraction, which further skew toward deep-sea corals over other

benthic receptor groups. This was expected, as OSW is a new industry.

B-1


www.scopus.com

Following this initial search, each returned record was manually screened for direct relevance to the
Benthic Habitat Study; firstly, using the screen_titles function from the ‘revtools’ package in R
(Westgate, 2019). Each title was screened for keywords that demonstrated direct relevance to the Benthic
Habitat Study, for example, incorporation of benthic receptors in the title or anthropogenic impacts, and
were retained for further analysis. Irrelevant sources were removed. This process returned 611 sources
that were then further reviewed by reviewing each abstract to further identify relevant sources, again
using the “revtools” package, but this time using the screen_abstracts function. In total, 350 sources were

retained for the final source database.

Following the screening, patterns within the returned sources largely followed the unscreened analysis,
“deep-sea/cold-water corals” were the most extensive receptor group in the database with 258 sources
returned, followed by “hard ground/bottom” with 107, and “deep-sea sponge” and “sea pen” with 48 and
30, respectively (some sources can have relevance across several receptor groups). The vast majority of
screened studies were constrained by anthropogenic impacts originating from “oil” and “gas,” with 217
records returned, followed by “bottom impact fishery,” “deep-sea mining” and “long-lining” with 74, 56,
and 15 sources, respectively. The constraint “offshore wind energy” returned 60 sources, with 25 sources
published since 2020. However, none of the returned sources demonstrated any direct application to the
study of offshore wind energy on the selected benthic receptors in this Benthic Habitat Study. For search
terms pertaining to stressors, the term “hydrodynamics” matched with 288 sources, followed by

“pollution” with 242, and “thermal stress” with 119.
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