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1 Introduction 

1.1 Vineyard Northeast Overview 

Vineyard Northeast LLC (the “Proponent”) proposes to develop, construct, and operate 
offshore renewable wind energy facilities in Bureau of Ocean Energy Management (BOEM) 
Lease Area OCS-A 0522 (the “Lease Area”) along with associated offshore and onshore 
transmission systems. This proposed development is referred to as “Vineyard Northeast.” 
Vineyard Northeast includes 160 total wind turbine generator (WTG) and electrical service 
platform (ESP) positions within the Lease Area. Up to three of those positions will be occupied 
by ESPs and the remaining positions will be occupied by WTGs. Two offshore export cable 
corridors (OECCs)—the Massachusetts OECC and the Connecticut OECC—will connect the 
renewable wind energy facilities to onshore transmission systems in Massachusetts and 
Connecticut. If high voltage alternating current (HVAC) offshore export cables are used in the 
Massachusetts OECC, the cables would connect to a booster station in the northwestern 
aliquot1 of Lease Area OCS-A 0534. Figure 1.1-1 provides an overview of Vineyard Northeast. 

1.2 Magnuson-Stevens Fishery Conservation and Management Act  

The Magnuson-Stevens Fishery Conservation and Management Act mandates that federal 
agencies conduct an Essential Fish Habitat (EFH) consultation for any activity that may 
adversely affect EFH for federally managed fish species. EFH is defined as “those waters and 
substrate necessary to fish for spawning, breeding, feeding, or growth to maturity.”  Included 
in 1996 amendments to the Magnuson-Stevens Fishery Conservation and Management Act, 
the primary goal of EFH designation is to identify and protect important fish habitat from 
certain fishing practices and coastal and marine development.  

EFH is designated by National Oceanic and Atmospheric Administration’s (NOAA) Fisheries 
(or National Marine Fisheries Service [NMFS]) and Regional Fishery Management Councils. 
EFH is typically assigned by egg, larvae, juvenile, and adult life stages and designated as waters 
or as substrates. In 50 CFR § 600.10, NOAA Fisheries defines waters and substrate as:  

• Waters—Aquatic areas and their associated physical, chemical, and biological 
properties that are used by fish and, where appropriate, may include aquatic areas 
historically used by fish. 

• Substrate—Sediments, hard bottoms, structures underlying the waters, and associated 
biological communities. 

 

1  An aliquot is 1/64th of a BOEM Outer Continental Shelf (OCS) Lease Block. 
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Additionally, the Regional Fishery Management Councils identify Habitat Areas of Particular 
Concern (HAPCs) within their Fishery Management Plans (FMPs). HAPCs are discrete subsets 
of EFH that serve important ecological functions or are especially vulnerable to degradation.  
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2 Affected Environment 

2.1 Offshore Development Area  

The Offshore Development Area includes the Lease Area, two OECCs, and the broader region 
surrounding the offshore facilities that could be affected by Vineyard Northeast-related 
activities. The Lease Area is located south of Nantucket in the northern Mid-Atlantic Bight of 
the Northeast United States (US) Shelf Ecosystem. The OECCs are the surveyed areas identified 
for routing the offshore export cables.  

Habitats within the Lease Area and OECCs were evaluated utilizing geophysical data, 
vibracores, benthic grab samples, and underwater video transects. As described in Section 5.2 
of Appendix II-B of the COP, potential sensitive habitat boundaries were classified and mapped 
using the NMFS’ (2021) Recommendations for Mapping Fish Habitat for the entire Offshore 
Development Area. NMFS (2021) recommends the following habitat areas to be mapped: 

• Soft Bottom habitats (i.e., mud and/or sand); 

• Complex habitats (i.e., submerged aquatic vegetation (SAV), shell/shellfish, and/or hard 
bottom substrate); 

• Heterogeneous Complex habitats (i.e., mix of soft and complex stations within a 
delineated area); 

• Large Grained Complex habitats (e.g., large boulders); and  

• Benthic Features (i.e., ripples, megaripples, and sand bedforms). 

As described in Section 5.2.1 of Appendix II-B of the COP, multibeam, side scan, and 
backscatter data were used to define seafloor composition based on the acoustic reflectivity 
which is a function of the bottom texture, roughness, slope, relief, and sediment grain size. 
Initial habitat boundaries were made using sonar data to delineate zones with different 
sediment types. Then, ground truthing samples (grabs, video, and vibracores) were classified 
using the NMFS-modified Coastal and Marine Ecological Classification Standard (CMECS) 
classification system (NMFS 2021), which was then translated into a final classification of either 
a Soft, Complex, or Complex Mix (both soft and complex samples) for each station. Based on 
reflectivity of sonar and classifications of video transects and grab samples, each delineated 
area was assigned to one of the four NMFS (2021) habitat categories: Complex, 
Heterogeneous Complex, Large Grained Complex, or Soft Bottom. Sonar-delineated 
boundaries that bordered other boundaries of the same habitat category were kept as 
separate boundaries (i.e., not merged) to illustrate differences in sonar data that showed 
potentially different ground conditions (i.e., variation in quantity or type of Complex habitat). 
Benthic Features, including bedforms and Organic Mud were mapped using the sonar data. 
Organic Mud, though not a Benthic Feature specified in the NMFS (2021) mapping guidelines, 
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may be mapped as a separate Benthic Feature. In addition, larger scale characterizations of 
the Massachusetts Wind Energy Area (MA WEA) from Guida et al. (2017) were used to describe 
the regional setting.  

Large scale maps of bottom habitats and benthic features located within the Offshore 
Development Area of Vineyard Northeast following NMFS (2021) are presented in Annex A.  

2.1.1 Lease Area 

Habitat within the Lease Area was evaluated using geophysical trackline data, vibracores, 
benthic grab samples, and underwater video transects collected in 2019 and 2022.  

Based on reconnaissance data from 2019 surveys, the seafloor within the Lease Area consists 
of mainly Soft Bottom habitat, with an area of Heterogeneous Complex habitat located in the 
central-eastern portion (Figure 2.1-1). The 38 grab samples and 25 video transects collected 
in 2019 show that Soft Bottom habitat ranges from Very Coarse/Coarse Sand to Sandy Mud, 
with coarser grained material in the northeast and finer grained material in the southwest and 
northernmost tip of the Lease Area. The Heterogenous Complex area includes northwest to 
southeast trending furrows that contain clam shell rubble mixed with sand surrounded by Soft 
Bottom habitat. No Complex or Large Grained Complex habitat is present within the Lease 
Area. Examples of grab and video samples collected during the 2019 survey are shown in 
Table 2.1-1. 

In 2022, an additional 39 benthic grab samples from 14 benthic stations were collected in the 
Lease Area, and these results corroborated with the findings of the 2019 surveys. Most of the 
grab samples were classified as Soft Bottom habitat with only one sample classified as Very 
Coarse/Coarse Sand and the remaining 35 Soft Bottom samples classified as Medium Sand or 
finer. Three samples were classified as biogenic-origin Shell substrate, and one of the Medium 
Sand samples had enough shell particles to classify under the CMECS Shell subgroup qualifier 
(Medium Sand with Shell). These Shell samples were collected in the central and northern 
portion of the Lease Area, near where the Massachusetts OECC intersects the northernmost 
point of the Lease Area.  

Most (92%) of the Lease Area consists of Soft Bottom habitat, with a small area (8%) of 
Heterogeneous Complex habitat (Table 2.1-2). Habitat maps were made using ground truthing 
samples collected in 2019 and 2022. Benthic features present within the Lease Area include 
ripples and megaripples, with areas of pitted sand surrounding the shell-filled furrows. The 
megaripples are present in the northeast corner of the Lease Area and the ripples occur in 
relatively isolated areas east and west of the shell furrow area. These conditions were identified 
by multibeam echo sounding and side scan sonar imaging techniques that have been ground 
truthed via benthic grab samples, underwater video, borings, and cone penetration tests, as 
described above, and further verified via historic grab sample and still photo data (Guida et al. 
2017; Stokesbury 2013, 2014).  



INSERT FIGURE HERE

Figure 2.1-1
NMFS Habitat Mapping Lease Area
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Table 2.1-1 Examples of CMECS Defined Substrates Captured During 2019 
Underwater Video and Benthic Grab Sampling Throughout the Lease Area 

CMECS Substrate and 
NMFS (2021) 
Designations 

Example 
Sample 

Information 

Example Sample Image 

Fine/Very Fine Sand; 

Soft Bottom  

Grab 

522-19-GB09 

0% gravel 

 

Muddy Sand;  

Soft Bottom 

Grab 

522-19-GB21 

0% gravel 
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Table 2.1-1 Examples of CMECS Defined Substrates Captured During 2019 
Underwater Video and Benthic Grab Sampling Throughout the Lease Area 
(Continued) 

CMECS Substrate and 
NMFS (2021) 
Designations 

Example 
Sample 

Information 

Example Sample Image 

Sandy Mud;  

Soft Bottom 

Grab 

522-19-GB38 

0% gravel 

 

Medium Sand;  

Soft Bottom 

Grab 

522-19-GB18 

1% gravel 
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Table 2.1-1 Examples of CMECS Defined Substrates Captured During 2019 
Underwater Video and Benthic Grab Sampling Throughout the Lease Area 
(Continued) 

CMECS Substrate and 
NMFS (2021) 
Designations 

Example 
Sample 

Information 

Example Sample Image 

Very Coarse/Coarse 

Sand;  

Soft Bottom 

Grab 

522-19-GB32 

0% gravel 

 

Fine Sand/Mud;  

Soft Bottom 

Video Transect  

Still Image 

VT 10 

 

Fine Sand/Mud with 

Clam Shell Rubble; 

Complex 

Video Transect  

Still Image 

VT11 
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Table 2.1-1 Examples of CMECS Defined Substrates Captured During 2019 
Underwater Video and Benthic Grab Sampling Throughout the Lease Area 
(Continued) 

CMECS Substrate and 
NMFS (2021) 
Designations 

Example 
Sample 

Information 

Example Sample Image 

Shell Rubble with Fine 

Substrate; Complex 

Grab 

522-19-GB04 

N/A% gravel 

(no recovery) 

 

 

Table 2.1-2 Benthic Habitat Classification in the Lease Area   

Habitat Type 
Lease Area 

Km2 Acres % 

Complex 0 0 0 

Heterogenous 

Complex 
41 10,174 8 

Large Grained 

Complex 
0 0 0 

Soft Bottom 495 122,195 92 

 

2.1.2 Massachusetts OECC 

Data from the 2022 field program, publicly available datasets of benthic samples (usSEABED 
and United States Geological Survey (USGS) East-Coast Sediment Texture Database), and 
sonar data (NOAA) show a diverse array of habitat types within the Massachusetts OECC. In 
the eastern portion of the OECC closest to the Lease Area, Soft Bottom habitat is the dominant 
habitat type. Within this section of Soft Bottom habitat, isolated mounds of organic mud were 
found directly outside the Lease Area and further down the corridor. Interspersed areas 
containing ripple scour depressions were found in between the areas of organic sediment.   
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The area bordering Southwest Shoal contains gravel with estimated grain sizes ranging from 
pebble/granule to boulders in varying concentrations. This area is primarily characterized as 
Heterogeneous Complex habitat, with localized areas of Complex habitat present. There are 
potentially boulders within this area that could be classified as Large Grained Complex due to 
their size of greater than 4 meters (m) (13.1 feet [ft]), but because these isolated boulders do 
not cover 50% of the seafloor as required by the NMFS Recommendations (2021) to meet the 
substrate subclasses of Bedrock or Megaclast, the habitat was classified as Complex rather 
than Large Grained Complex.  

Soft Bottom habitats became more common north of Southwest Shoal until close to the 
landfall, though occasional isolated patches of Heterogeneous Complex habitat containing 
Gravelly Sand and Sandy Gravel were present. There is a 3.2 km (2.0 mi) area of Heterogeneous 
Complex habitat with interspersed Complex habitat near the landfall, after which the 
remainder of the corridor is Soft Bottom habitat. 

Benthic features present in the Massachusetts OECC include mainly ripple scour depressions 
located in the eastern and western portions of the route. Additional ripple scour depressions 
are also present on the western portion of the OECC, where they tend to be smaller and have 
a thin, elongated shape oriented in the north-to-south direction. 

Specific to the 2022 survey results, 117 grab samples were collected from 27 benthic stations 
within the Massachusetts OECC. Most (81%) samples were classified as Soft Bottom habitat 
with 15 Very Coarse/Coarse Sand samples and the remaining 80 Soft Bottom samples were 
Medium Sand or finer. Twenty-two samples were Complex habitats, with 13 Gravelly Sand 
samples (11%) and nine Sandy Gravel samples (8%).  

In the eastern portion of the Massachusetts OECC between the Lease Area and Vineyard Wind 
1 (Lease Area OCS-A 501), Soft Bottom habitat of Fine/Very Fine Sand dominated all benthic 
grab samples. As the corridor continues north and below Martha’s Vineyard, sediment grain 
size slightly increases with an even mix of Fine/Very Fine to Medium Sand and Very 
Coarse/Coarse Sand. This same evenness of fine and coarse sand continues as the corridor 
heads west, with one Gravelly Sand sample occurring. Before the Massachusetts OECC turns 
to head directly north, sediments continue to become coarser with an even mix of Medium to 
Very Coarse/Coarse sand and Gravelly Sand, as well as two samples of Sandy Gravel. As the 
cable corridor travels past Noman’s Island and approaches Massachusetts state waters, grab 
samples become finer with Fine/Very Fine Sand and Muddy Sand dominating and occasional 
Gravelly Sand and Sandy Gravel Samples. This sediment composition remains similar as the 
corridor crosses into Massachusetts state waters, with relatively more Sandy Gravel and 
Gravelly Sand and then only Fine/Very Fine Sand and Medium Sand as it approaches landfall.  

The Massachusetts OECC consists of mainly Soft Bottom habitat (81%), followed by 
Heterogeneous Complex habitat (16%), and less than 4% Complex habitat (Figure 2.1-2, Table 
2.1-3).   



INSERT FIGURE HERE

Figure 2.1-2

NMFS Habitat Mapping Massachusetts OECC
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Table 2.1-3 Benthic Habitat Classification in the Massachusetts OECC 

Habitat Type 
Massachusetts OECC 

km2 Acres % 

Complex 3.42 844 4 
Heterogenous 
Complex 

15.06 3,721 16 

Large Grained 
Complex 

0 0 0 

Soft Bottom 78.44 19,382 81 

 

2.1.3 Connecticut OECC 

The 2022 field program data (sonar and results from benthic grab samples, video transects, 
and vibracores) and publicly available datasets of benthic grab samples (usSEABED and USGS 
East-Coast Sediment Texture Database) were used to characterize the habitats present within 
the Connecticut OECC. Due to the large size of the Connecticut OECC and the presence of 
multiple landfall sites, the description of the habitat varies across the route.  

Heading west from the Lease Area and north towards landfall, the data show mainly Soft 
Bottom habitat comprised of Muddy Sand, Fine/Very Fine Sand, Medium Sand, and Very 
Coarse/Coarse Sand with occasional areas of Heterogeneous Complex habitat containing 
isolated areas of Gravelly Sand. Areas closest to the Lease Area contain Sandy Mud and Muddy 
Sand as the primary substrate type. Approaching and within state waters, the habitat appears 
to become more variable with areas of Heterogeneous Complex and Complex habitats, 
especially within the deeper portions.  

Approaching the Niantic Beach Landfall Site, the habitat transitions to primarily Soft Bottom, 
though there are some rock outcroppings on the eastern side of the OECC. Dense macroalgae 
is present along the area, which appears to be covering shell hash or shell rubble in some 
areas. Eelgrass was also observed in two video transects near the Niantic Beach Landfall Site. 
The habitats in the vicinity of the Ocean Beach Approach and Eastern Point Beach Approach 
vary from Soft Bottom, Heterogeneous Complex, and Complex substrates. There were samples 
close to shore of both the approaches that indicated the presence of eelgrass, at least in the 
form of occasional strands and clumps. 

Benthic features are present and dispersed throughout the Connecticut OECC, ranging from 
rippled areas in the offshore portion of the corridor to sand waves near and within Connecticut 
state waters.  

Specific to the 2022 survey results, 255 grab samples were collected from 65 benthic stations 
within the Connecticut OECC. The majority (72%) of samples were classified as Soft Bottom 
habitat with 26 Very Coarse/Coarse Sand samples and the remaining 157 Soft Bottom samples 
were Medium Sand or finer. Seventy-two samples were classified as Complex habitats, with 41 
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Gravelly samples (16%), 27 Gravel Mixes (11%), two Gravel samples (>1%), and two biogenic 
Shell samples (>1%). Eleven samples were null in the dataset and presumed to be failed grabs. 
Gravel-sized shell fragments composed more than 10 percent of the sample in 29 of benthic 
grabs. Thirteen of these samples were classified as Complex (Gravelly Sand, Sandy Gravel, 
Shell) and 16 were classified as Soft Bottom (Muddy Sand, Medium Sand, Very Coarse/Coarse 
Sand). 

In the eastern and central portion of the Connecticut OECC between the Lease Area and 
Connecticut state waters, Soft Bottom habitat dominated almost all benthic grab samples with 
Muddy Sand transitioning to Medium Sand and Very Coarse/Coarse Sand. As the corridor 
continues west and approaches Connecticut and New York state waters, sediment grain size 
slightly increases with Very Coarse/Coarse Sand dominating with one sample classified as 
Gravelly Sand. As the Connecticut OECC crosses over from federal into New York state waters, 
sediment composition becomes an even mix of coarser sands (Medium Sand and Very 
Coarse/Coarse Sand) and Gravelly Sand/Sandy Gravel. Biogenic Shell is also present as a 
qualifier in one Medium Sand sample and one Gravelly Sand sample. This evenness of the two 
sample types continues until Gravelly Sand, Sandy Gravel, and Pebble/Granule dominate as 
the Connecticut OECC approaches Connecticut state waters. Of the three potential landfall 
sites, the Niantic Beach Approach consists of almost entirely Sandy Gravel and Gravelly Sand, 
and then Muddy Sand as it approaches land. The Ocean Beach Approach and the Eastern Point 
Beach Approach are dominated by Fine/Very Fine Sand with few Gravelly Sand and Muddy 
Sand samples as they approach the landfall sites. 

The Connecticut OECC consists of mainly Soft Bottom benthic habitat (ranging from 73-75% 
depending on the landfall site), followed by Heterogeneous habitat (ranging from 15-18% 
depending on the landfall site), and Complex habitat (ranging from 7-12% depending on the 
landfall site; see Figure 2.1-3a, Figure 2.1-3b, Table 2.1-4).  

 

  



INSERT FIGURE HERE

Figure 2.1-3a
NMFS Habitat Mapping Connecticut OECC Nearshore



INSERT FIGURE HERE

Figure 2.1-3b

NMFS Habitat Mapping Connecticut OECC Offshore
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Table 2.1-4 Benthic Habitat Classification in the Connecticut OECC 

Habitat Type 

Connecticut OECC Using 
Eastern Point Beach 

Approach 

Connecticut OECC Using Ocean 
Beach Approach 

Connecticut OECC Using Niantic 
Beach Approach 

km2 Acres % km2 Acres % km2 Acres % 

Complex 9 2,227 7 8.85 2,191 7 16 3,942 12 

Heterogenous 

Complex 
22.04 5,454 17 22.74 5,628 18 20 4,952 15 

Large Grained 

Complex 
0.11 28 0.09 0.11 28 0.09 0.03 8 0.02 

Soft Bottom 95.5 23,638 75 94.02 23,271 75 95 23,524 73 
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3 EFH Designations in the Offshore Development Area  

The EFH designations described in this section correspond to those currently accepted and 
designated by the New England Fishery Management Council (NEFMC), Mid-Atlantic Fishery 
Management Council (MAFMC), South Atlantic Fishery Management Council (SAFMC), and 
NOAA Fisheries Highly Migratory Species Division (NEFMC 2017). Many EFH designations are 
determined for each cell in a 10’ latitude by 10’ longitude square grid in state and federal 
waters. The Lease Area intersects six cells, the Massachusetts OECC intersects 11 cells, and the 
Connecticut OECC intersects 16 cells (Figure 3.0-1). The specific FMPs with protective 
designations of EFH include: 

• New England Fishery Management Council  

o Northeast Multispecies FMP 

o Atlantic Sea Scallop FMP 

o Monkfish FMP 

o Atlantic Herring FMP 

o Skate FMP 

• Mid-Atlantic Fishery Management Council 

o Atlantic Mackerel, Squid, and Butterfish FMP 

o Spiny Dogfish FMP 

o Summer Flounder, Scup, and Black Sea Bass FMP 

o Bluefish FMP 

o Atlantic Surf Clam and Ocean Quahog FMP 

• NOAA Fisheries Highly Migratory Species Division 

o Consolidated Atlantic Highly Migratory Species FMP 

• South Atlantic Fishery Management Council 

o Coastal Migratory Pelagics FMP 

Both substrate and water habitats are designated as EFH for 46 fish species within the Lease 
Area, Massachusetts OECC, and Connecticut OECC (see Table 3.0-1). A HAPC is also 
designated for juvenile Atlantic cod (Gadus morhua) and overlaps with a small portion of the 
Massachusetts OECC (Figure 3.0-1). The EFH and HAPC designations that overlap with the 
Offshore Development Area are described for individual species in Section 3.1.  
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Bottom habitats protected as EFH range from areas with substrates comprised of cobble or 
gravel (Complex habitat) for juvenile Atlantic cod, to areas with muddy and sandy substrates 
(Soft Bottom habitat) for juvenile and adult winter flounder (Pseudopleuronectes americanus). 
The importance of bottom habitat varies between species and life stages. Coarse substrate, 
such as gravel or cobble, is considered EFH for the egg, larval, and juvenile life stages of many 
species because it provides a place for fish to find food, hide from predators, and shelter from 
strong currents. Studies have found that survivorship of juvenile Atlantic cod was enhanced in 
areas with coarse substrates (Lindholm et al. 2001; Grabowski et al. 2018). Alternatively, flatfish, 
such as winter flounder, prefer sandy or muddy habitats where they can easily bury themselves 
to avoid predation or wait for prey (Pereira et al. 1999).  

Based on data from the 2022 field program, Heterogeneous Complex habitat is expected to 
be limited, occurring primarily in portions of the OECCs, and not in the Lease Area (see 
Appendix II-B). These coarser substrates, like pebble-cobble and boulders, are important 
habitat for the juveniles of some fish species, like Atlantic cod (Grabowski et al. 2018). Other 
bottom habitats, such as sand bedforms, are also important habitat for fish species and provide 
structured habitat in sandy areas, where such habitat is typically void. Some evidence suggests 
that sand bedform habitats can enhance fish survival by providing refuge from predators 
(Scharf et al. 2006).  

In addition to hard substrate, benthic flora is also considered EFH and HAPC for fauna in the 
region. Submerged aquatic vegetation, like eelgrass (Zostera marina), form important habitat 
that provides forage opportunities and refuge to fish and invertebrate species (Hily and 
Bouteille 1999). Eelgrass beds are not expected in the Massachusetts OECC based on existing 
Massachusetts Department of Environmental Protection maps (MassGIS 2022) but may be 
present as isolated patches along portions of the Connecticut OECC, which was confirmed 
with 2022 benthic sampling.  

Water column or pelagic habitats protected as EFH range throughout the water column for 
different species and life stages. For example, surface waters are designated as EFH for witch 
flounder (Glyptocephalus cynoglossus) eggs, while the entire water column is designated EFH 
for juvenile and adult bluefin tuna (Thunnus thynnus), and demersal waters are designated EFH 
for juvenile and adult scup (Stenotomus chrysops). Although demersal fish species are strongly 
associated with bottom substrates, many species have pelagic egg and larval stages and use 
currents for dispersal of the early life stages. Pelagic species reside within the water column 
during all life stages and may occupy different strata based on the stage. For example, Atlantic 
mackerel (Scomber scombrus) eggs are free-floating and remain near the water surface, while 
larvae are typically observed in mid-water column below 10 m (32.8 ft).  

Daily, seasonal, and annual ocean current patterns and production regimes dictate the 
foraging and migratory behaviors of some pelagic species. Highly migratory pelagic fish, such 
as Atlantic albacore tuna (Thunnus alalunga), are generally only observed in northern Atlantic 
waters for two months to take advantage of productive late summer/early fall production in 
September and October. Frontal zones, or areas where water masses converge, are particularly 
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important pelagic habitat as they are often important feeding locations where plankton 
become concentrated. The location of the Lease Area is susceptible to intrusions of warm water 
from off the shelf or cold shelf water from the Gulf of Maine that could periodically create fronts 
and associated times of increased presence of pelagic species, particularly in the summer and 
fall (see Section 3.2 of COP Volume II for additional information).  

EFH has been designated for the following species for one or more life stages in the Lease 
Area and/or OECCs (see Table 3.0-1). Table 3.0-2 provides a summary of the annual presence 
of each life stage of the EFH species within the Offshore Development Area. Review of 
underwater video transects collected in 2022 across the entire Offshore Development Area of 
Vineyard Northeast has been incorporated into this EFH Assessment to provide additional 
insight into species presence and habitat use.
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Table 3.0-1 EFH Designated Species and HAPC in the Offshore Development Area  

Species 

Eggs Larvae/ Neonate1 Juveniles Adults 

HAPC MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

Acadian redfish  

(Sebastes fasciatus) 
- - -   P P -   - P, HC  -  -  - -  

American plaice 

(Hippoglossoides platessoides) 
- P - P P P  - -  -  -   -  - -  

Atlantic albacore tuna 

(Thunnus alalunga) 
- - - - - - P P P P P P -  

Atlantic bluefin tuna  

(Thunnus thynnus)3 
 - -   -  - -  -  P P P  P P P -  

Atlantic butterfish  

(Peprilus triacanthus) 
P P P P P P S S S S S S -  

Atlantic cod  

(Gadus morhua) 
C C C C C C C C C C C C 

MA 

OECC5  

Atlantic herring  

(Clupea harengus) 
HC HC HC P P P P, HC P, HC P, HC P, HC P, HC P, HC -  

Atlantic mackerel  

(Scomber scombrus) 
P P  P P P P P P  P P P P -  

Atlantic sea scallop 

(Placopecten magellanicus) 
C, S C, S C, S C, HC C, HC C, HC C, HC C, HC C, HC S, HC S, HC S, HC -  

Atlantic skipjack tuna 

(Katsuwonus pelami) 
-   -  -  -  -  - P P P P P P -  

Atlantic surf clam  

(Spisula solidissima) 
- - - - - - S S  - S - S -  

Atlantic wolffish  

(Anarhichas lupus)2,3 
C -  -  P, HC  -  - HC  - -  HC -  -   - 
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Table 3.0-1 EFH Designated Species and HAPC in the Offshore Development Area (Continued) 

Species 

Eggs Larvae/ Neonate1 Juveniles Adults 

HAPC MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

Atlantic yellowfin tuna 

(Thunnus albacares) 
-  -   - -  -  -  P P P P P  - -  

Barndoor skate  

(Dipturus laevis)1 
- - - - - - C, S C, S C, S C, S C, S C, S -  

Basking shark  

(Cetorhinus maximus)3 
- - - P P P P P P P P P -  

Black sea bass  

(Centropristis striata) 
P  - -  P -  -  C, HC C, HC C, HC C, HC -  C, HC  - 

Blue shark  

(Prionace glauca) 
- - - P P P P P P P P P  - 

Bluefish  

(Pomatomus saltatrix) 
 - P - -  P - P P - P P P -  

Common thresher shark 

 (Alopias vulpinus)2 
- - - P P P P P P P P P  - 

Dusky shark 

 (Carcharhinus obscurus)2, 3 
- - - P P P P P P P P P  - 

Haddock  

(Melanogrammus aeglefinus) 
C, S  - C, S P P P P, HC P, HC P, HC -  HC HC  - 

Little skate  

(Leucoraja erinacea) 
- - - - - - S, HC S, HC S, HC S, HC S, HC S, HC -  

Longfin inshore squid  

(Loligo pealeii) 

C, S, 

HC 

C, S, 

HC 
 - -  -   - P P P P P P -  

Monkfish  

(Lophius americanus) 
P P P P P P S, HC S, HC S, HC S, HC S, HC S, HC  - 
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Table 3.0-1 EFH Designated Species and HAPC in the Offshore Development Area (Continued) 

Species 

Eggs Larvae/ Neonate1 Juveniles Adults 

HAPC MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

Northern shortfin squid  

(Illex illecebrosu) 
 - -  -   - -   - -  P -  P -   -  - 

Ocean pout  

(Macrozoarces americanus) 
C C C  - -  -  S, HC S, HC  -  S, HC  S, HC S, HC  - 

Ocean quahog  

(Artica islandica) 
-   - -  -  -   - S, HC S, HC S, HC S, HC S, HC S, HC  - 

Pollock  

(Pollachius virens) 
P P -  P P P S, HC S, HC  -  - S, HC -  -  

Porbeagle shark  

(Lamna nasus)2 
- - - P P P P P P P P P  - 

Red hake  

(Urophycis chuss) 
P P P 

P, S, 

HC 

P, S, 

HC 

P, S, 

HC 
S, HC S, HC S, HC S S S  - 

Sand tiger shark  

(Carcharias taurus) 
- - - HC HC -  HC HC -   -  - -   - 

Sandbar shark  

(Carcharhinus plumbeus) 
- - -  - -  -  P P -  P P -   - 

Scup  

(Stenotomus chrysops) 
P P - P P - S, HC S, HC S, HC S, HC S, HC S, HC  - 

Shortfin mako shark  

(Isurus oxyrinchus)2 
- - - P P P P P P P P P  - 

Silver hake  

(Merluccius bilinearis) 
P P P P P P S S S S S S  - 

Smooth dogfish  

(Mustelus canis)2 
- - - S, HC S, HC S, HC S, HC S, HC* S, HC* S, HC S, HC S, HC  - 
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Table 3.0-1 EFH Designated Species and HAPC in the Offshore Development Area (Continued) 

Species 

Eggs Larvae/ Neonate1 Juveniles Adults 

HAPC MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

MA 
OECC 

CT 
OECC 

Lease 
Area 

Spiny dogfish  
(Squalus acanthias) 

-   - -  -  -  -  -  -  P P P P  - 

Summer flounder  
(Paralichthys dentatus) 

S, P S, P S, P P P P S, HC S, HC S, HC S, HC S, HC S, HC 
Areas 

of SAV  
Tiger shark  

(Galeocerdo cuvier) 
- - - - - - P P P P P P  - 

White hake  
(Urophycis tenuis) 

-  -  -  P  -  - 
P, S, 

HC 

P, S, 

HC 

P, S, 

HC 
S, HC S, HC S, HC -  

White shark  
(Carcharodon carcharias)2 

- - - P P - P P P P P P  - 

Windowpane flounder 
(Scophthalmus aquosus) 

P P P P P P S S S S S S  - 

Winter flounder 
(Pseudopleuronectes 

americanus) 
S, HC S, HC  - S, HC S, HC  S, HC S, HC S, HC S, HC S, HC S, HC S, HC  - 

Winter skate  
(Leucoraja ocellata) 

- - - - - - S, HC S, HC S, HC S, HC S, HC S, HC  - 

Witch flounder 
(Glyptocephalus cynoglossus) 

P P P  P P P  - P, S P, S S, HC S, HC S, HC  - 

Yellowtail flounder  
(Limanda ferruginea) 

P P P P P P S S S S S S -  

Notes:  
1. Shark species emerge from egg cases fully developed and are referred to as neonates.  
2. Indicates EFH designations are the same for all life stages or designations are not specified by life stage. 
3. “-“ indicates EFH has not been designated for this life stage or the life stages 
4. * indicates sub-adult life stage 
5. HAPC is designated for juvenile Atlantic cod in a small portion of the Massachusetts OECC (in nearshore waters). 
6. MA OECC = Massachusetts OECC; CT OECC = Connecticut OECC; C = Complex Habitat; HC = Heterogeneous Complex; P = Pelagic; S = Soft Bottom Habitat 
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Table 3.0-2 Monthly Presence of Each Life Stage of EFH Species in the Offshore Development Area 

Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Acadian redfish (Sebastes fasciatus) - - J A L A L A L A L A L A L J A L J A J A - 

American plaice (Hippoglossoides platessoides) E E EL EL EL EL EL L L L - - 

Atlantic albacore tuna (Thunnus alalunga)2  -  - -   - -  J  J J A J A J A  -  - 

Atlantic bluefin tuna (Thunnus thynnus)2  - -   -  - -   - J A J A J A J A J A  - 

Atlantic butterfish (Peprilus triacanthus)2 J A  J A E J A E J A E J A All All All L J A L J A L J A J A 

Atlantic cod (Gadus morhua)2 E J A  E J A  All All All J A J A J A E J A E J A E J A E J A 

Atlantic mackerel (Scomber scombrus)2 A A A E L A All All J A J A A A A A 

Atlantic herring (Clupea harengus)2 All All All All A A A All All All All All 

Atlantic sea scallop (Placopecten magellanicus)2 J A J A J A J A J A All All All All All L J A L J A 

Atlantic skipjack tuna (Katsuwonus pelami)2 -   - -  -  J A J A J A J A J A J A J A -  

Atlantic surf clam (Spisula solidissima)2 All All All All All All All All All All All All 

Atlantic wolffish (Anarhichas lupus)3 All All All All All All All All All All All All 

Atlantic yellowfin tuna (Thunnus albacares)2  - -   - -   - J A J A J A J A  - -  -  

Barndoor skate (Dipturus laevis)3  - -  -  J A J A J A J A J A J A J A -   - 

Basking shark (Cetorhinus maximus) E A E A - - - J A J A J A A A A E A 

Black sea bass (Centropristis striata)2  - -   - J A All All All All All All L J A J A 

Blue shark (Prionace glauca)  -  -  -  - J A J A J A J A J A J A -  -  

Bluefish (Pomatomus saltatrix)2  - -   -  -  - J A J A J A J A J A -   - 

Common thresher shark (Alopias vulpinus)2 All All All All All All All All All All All All 

Dusky shark (Carcharhinus obscurus) -  -  -  -   - J A J A J A J A  - -   - 

Haddock (Melanogrammus aeglefinus)2 L J A L J A All All All L J A L J A J A J A J A J A J A 

Little skate (Leucoraja erinacea)2 All All All All All All All All All All All All 

Longfin inshore squid (Loligo pealeii)2 All All All All All All All All All All All All 

Monkfish (Lophius americanus)2 J A  J A  All All All All All All All J A J A J A 

Northern shortfin squid (Illex illecebrosu)2 A A A A A A A A A A A A 
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Table 3.0-2 Monthly Presence of Each Life Stage of EFH Species in the Offshore Development Area (Continued) 

Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Ocean pout (Macrozoarces americanus) All All L J A L J A L J A J A J A J A J A J A All All 

Ocean quahog (Artica islandica)2 All All All All All All All All All All All All 

Pollock (Pollachius virens)2 E L E L  J J J J J J - E E L 

Porbeagle shark (Lamna nasus)3 All All All All All All All All All All All All 

Red hake (Urophycis chuss)2 J A  J A  J A  J A  All All All All All All All L J A 

Sand tiger shark (Carcharias taurus) -  -   -  - N J N J N J N J N J  -  - -  

Sandbar shark (Carcharhinus plumbeus)  -  -  -  - -  J A J A J A J A  -  - -  

Scup (Stenotomus chrysops)2  -  -  -  - All All All All L J A L J A -  -  

Shortfin mako shark (Isurus oxyrinchus)3  -  -  -  -  - J A J A J A J A J A  - -  

Silver Hake (Merluccius bilinearis)2 All All All All All All All All All All All All 

Smooth dogfish (Mustelus canis)2, 3    All All All All All All All All  

Spiny dogfish (Squalus acanthias)2 J A  J A  J A  J A  J A  J A  J A  J A  J A  J A  J A  J A  

Summer flounder (Paralichthys dentatus)2 All All E J A E J A E J A J A J A J A L J A All All All 

Tiger shark (Galeocerdo cuvier) - - - - - J A J A J A J A - - - 

White hake (Urophycis tenuis)2 - - - - - E J E J E J E J E J J - 

White shark (Carcharodon carcharias)3  -  -  -  - J A J A J A J A J A J A J A  - 

Windowpane flounder (Scophthalmus aquosus)2 J A  J A  J A  J A  J A  J A  All All J A J A J A J A 

Winter flounder (Pseudopleuronectes americanus)2 J A  E J A  All All All All L J A J A J A J A J A J A 

Winter skate (Leucoraja ocellata)2 J J J A J A J A - - - J A J A J A J 

Witch flounder (Glyptocephalus cynoglossus)2 L J A L J A All All All All All All All All L J A L J A 

Yellowtail flounder (Limanda ferruginea)2 J A  J A  J A  E J A All All L J A J A J A J A J A J A 
Notes:  
1. E=Eggs, L=Larvae, N=Neonate, J=Juvenile, A=Adult, All=All life stages potentially present throughout the year, and R=Rare. 
2. Species of commercial or recreational importance. 
3. Indicates EFH designations are the same for all life stages or designations are not specified by life stage. 
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3.1  Individual Species EFH and HAPC 

Acadian Redfish  

Acadian redfish (Sebastes fasciatus) EFH is designated in the Connecticut OECC and the Lease 
Area for the larval life stage, and in the Lease Area for the juvenile life stage. Acadian redfish is 
a long-lived, slow-growing, benthic species. They mature between five to nine years, with 
copulation occurring from October to January (NOAA 2016). Eggs are internally fertilized and 
released as larvae from April through August, with a peak in late May to early June (Pikanowski 
et al. 1999). Newly spawned larvae are found in the top 10 m (33 ft) of the water column. 
Juveniles move to the bottom around four to five months old. Adults make diurnal vertical 
migrations, feeding on krill. When planktonic, they feed mostly during daylight, while juveniles 
and adults feed actively during the night (Steele 1957). Mean seasonal depths for adults on the 
northeast continental shelf are 171 m (561 ft) in the spring, 153 m (502 ft) in the summer, and 
169 m (554 ft) in the fall (Murawski 1993). Redfish are common in the Gulf of Maine, and in the 
deeper waters north and west of George’s Bank.  

American Plaice  

American plaice (Hippoglossoides platessoides) EFH is designated in the Connecticut OECC 
for egg life stages, and in both OECCs and the Lease Area for larval life stages. Area designated 
as EFH includes scattered pelagic habitats in the Gulf of Maine, Georges Bank, and southern 
New England. Eggs and larvae are passively transported via currents and while eggs have been 
mostly observed farther north of the Offshore Development Area, larvae have been observed 
between Georges Bank and Delaware (Johnson 2004). 

Atlantic Albacore Tuna  

Albacore tuna (Thunnus alalunga) EFH is designated in both OECCs, and the Lease Area for 
juvenile and adult life stages. EFH for juvenile albacore tuna is designated as offshore the US 
Atlantic east coast from Cape Cod to Cape Hatteras. Juveniles migrate to northeastern Atlantic 
waters in the summer for feeding. Adult albacore tuna EFH is also designated along the US 
Atlantic east coast from Cape Cod to Cape Hatteras generally farther offshore than EFH for 
juveniles. Adults are commonly found in northern Atlantic waters in September and October 
for feeding. Albacore tuna are top pelagic predators and opportunistic foragers (NMFS 2009).  

Atlantic Bluefin Tuna  

Bluefin tuna (Thunnus thynnus) EFH is designated in both OECCs, and the Lease Area for 
juvenile and adult life stages. EFH for juvenile bluefin tuna is waters off Cape Cod to Cape 
Hatteras. EFH for adult bluefin tuna is pelagic waters from the mid-coast of Maine to southern 
New England. Bluefin tuna inhabit northeastern waters to feed and move south to spawning  
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grounds in the spring. Both juveniles and adults exhibit opportunistic foraging behaviors and 
diets typically consist of fish, jellyfish, and crustaceans (Atlantic Bluefin Tuna Status Review 
Team 2011; NOAA Fisheries 2020c).  

Atlantic Butterfish  

Atlantic butterfish (Peprilus triacanthus) EFH is designated in both OECCs and the Lease Area 
for all life stages. EFH is designated for butterfish eggs in pelagic habitats with depths under 
1,500 m (4,921 ft) and average temperatures between 6.5 to 21.5° Celsius (°C [48–71 °F]) in 
inshore estuaries and embayments from Massachusetts Bay to the south shore of Long Island, 
New York, in Chesapeake Bay, and in patches on the continental shelf/slope from Maine 
southward to Cape Hatteras, North Carolina. EFH for butterfish larvae is designated as pelagic 
habitats in inshore estuaries and embayments from Boston Harbor to Chesapeake Bay and 
over the continental shelf, from the Gulf of Maine to Cape Hatteras. 

Butterfish larvae are common in high salinity and mixing zones where bottom depths are 
between 41–350 m (134–1,148 ft). EFH for juvenile and adult butterfish is pelagic habitats in 
inshore estuaries and embayments from Massachusetts Bay to Pamlico Sound on the inner and 
outer continental shelf from the Gulf of Maine to Cape Hatteras. Juvenile and adult butterfish 
are generally found over sand, mud, and mixed substrates in bottom depths between 10–280 
m (33–918 ft] (Cross et al. 1999). Juvenile and adult butterfish feed primarily on planktonic prey 
though adults may eat squids and fishes as well (Cross et al. 1999). Butterfish are found in the 
Offshore Development Area at all life stages throughout the year and are present in nearshore 
areas in the fall, and therefore may be impacted by cable installation (NEFSC n.d.).  

Atlantic Cod  

Atlantic cod EFH is designated in both OECCs, and the Lease Area for all life stages (egg, 
larvae, juvenile, and adult). EFH for Atlantic cod eggs is designated as surface waters from the 
Gulf of Maine to southern New England. Cod eggs are found in the fall, winter, and spring in 
water depths less than 110 m (361 ft). EFH for larval cod is pelagic waters (depths of 30–70 m 
[98–230 ft]) from the Gulf of Maine to southern New England and are primarily observed in the 
spring (Lough 2004). EFH for juvenile cod is designated as bottom habitats with substrates 
composed of cobble or gravel from the Gulf of Maine to southern New England. EFH for adult 
cod is designated as bottom habitats with substrates composed of rocks, pebbles, or gravel 
from the Gulf of Maine to southern New England and the middle Atlantic south to Delaware 
Bay. Inshore juvenile Atlantic cod HAPC is designated in coastal areas (from the shore to 20 m 
[66 ft] depth contour) from Maine to Rhode Island, and inshore waters around Cape Cod to 
Martha’s Vineyard and Nantucket (NEFMC 2017) (Figure 3.1-1). These areas include all habitats 
within both OECCs and the Lease Area that contain structurally complex areas, including 
eelgrass, mixed sand and gravel, and rocky habitats (NEFMC 2017). These habitats are 
particularly important for juvenile Atlantic cod as it provides protection from predation and 
readily available prey sources. In 2022, the NEFMC proposed framework adjustments to the  
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Atlantic cod HAPC specific to spawning activity include the following: 1) no action / no new 
HAPC designations; 2) designating cod spawning grounds on and surrounding Cox Ledge as 
a HAPC; 3) designating the spawning grounds on and around Cox Ledge and any future cod 
spawning grounds identified in southern New England as HAPCs; 4) designating all areas in 
southern New England with complex habitats as a HAPC; and 5) designating the area 
overlapping offshore wind lease sites in Southern New England as a HAPC (NEFMC 2022).   

Cod spawn primarily in bottom habitats composed of sand, rocks, pebbles, or gravel during 
fall, winter, and early spring (Fahay et al. 1999) and cod spawning grounds have been 
documented throughout Nantucket Shoals and southern New England (Weiss et al. 2005; 
Kovach et al. 2010; DeCelles et al. 2017). In surveys conducted by Weiss et al. (2005) in western 
Georges Bank and Nantucket Shoals, adult and larval cod were collected within areas 
corresponding to their respective EFH designations while less of an agreement was seen for 
juveniles of this species. Juvenile and adult cod are opportunistic foragers and consume a wide 
variety of items including small crustaceans, benthic invertebrates, and fish (Lough 2004). A 
total of 17.1 kg (37.7 lb) of Atlantic cod was caught in the Lease Area during fisheries 
monitoring surveys conducted from 2019 to 2021(He and Rillahan 2020a; 2020b; 2021). Cod 
accounted for 0.2%, 0.6%, and 1.5% of the total catch in the three surveys where cod was 
encountered (Fall 2019, Winter 2020, Winter 2021). Lengths ranged from 21 to 68 cm (n=22) 
representing both juvenile and adult size classes. The low cod abundance inside the Lease 
Area is consistent with Atlantic cod distribution data compiled by the NEFMC (NEFMC 2022) 
and may be driven by the lack of complex habitat within the Lease Area. Atlantic cod telemetry 
research (S. Cadrin, UMass Dartmouth-SMAST) is currently ongoing around Cox Ledge in 
southern New England in the vicinity of Lease Area OCS-A 0517 and Lease Area OCS-A 0486 
though no further information is currently available. 

Atlantic Herring  

Atlantic herring (Clupea harengus) EFH is designated in both OECCs, and the Lease Area for 
all life stages. Herring eggs adhere to the bottom; therefore, EFH is designated as inshore and 
offshore benthic habitats mainly in the Gulf of Maine, Georges Bank, and Nantucket Shoals in 
depths of 5–90 m (16–295 ft) on coarse sand, pebbles, cobbles, and boulders and/or 
macroalgae (NEFMC 2017). EFH for larval Atlantic sea herring is pelagic waters in the Gulf of 
Maine, Georges Bank, and southern New England. Larvae are free-floating and generally 
observed between August and April in areas with water depths from 50–90 m (164–295 ft). EFH 
for juvenile and adult herring is pelagic and bottom habitats in the Gulf of Maine, Georges 
Bank, and southern New England. Juvenile and adult herring are found in areas with water 
depths from 20–130 m (66–427 ft). Herring opportunistically feed on zooplankton, with forage 
species changing as herring size increases (Reid et al. 1999).  

Atlantic Mackerel 

Atlantic mackerel EFH is designated in both OECCs, and the Lease Area for all life stages. EFH 
for mackerel (egg and larval stages) is pelagic habitats in inshore estuaries and embayments 
from Great Bay to Long Island, inshore and offshore waters of the Gulf of Maine, and on the 
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continental shelf from Georges Bank to Cape Hatteras (Studholme et al. 1999). Eggs float in 
the upper 10–15m (33–49 ft) of the water column, while larvae can be found in depths ranging 
from 10–130m (33–427 ft) (Studholme et al. 1999). EFH for juvenile Atlantic mackerel is 
designated in pelagic waters in the OECC. The depth preference of juvenile mackerel shifts 
seasonally as they are generally found higher in the water column (20–50 m [66–164 ft]) in the 
fall and summer, deeper (50–70 m [66–230 ft]) in the winter, and widely dispersed (30–90 m 
[98–295 ft]) in the spring (NEFSC n.d.; Studholme et al. 1999). EFH for adult mackerel includes 
pelagic habitats the same region as for juveniles, but in waters with bottom depths less than 
170 m (230 ft). Juvenile and adult mackerel feed on small crustaceans, larval fish, and other 
pelagic species. 

Atlantic Sea Scallop  

Atlantic sea scallop (Placopecten magellanicus) EFH is designated in both OECCs, and the 
Lease Area for all life stages (egg, larvae, juveniles, adults). All life stages have the same EFH 
spatial designation, which extends across much of the greater Atlantic region. Because sea 
scallop eggs are heavier than seawater and remain on the seafloor until the larval stage, EFH 
is designated in benthic habitats in inshore areas and the continental shelf. During the larval 
stage, scallops are free-swimming and occur within the water column and near the seafloor. 
EFH for the larval stage (referred to as “spat”) includes benthic and pelagic habitats in inshore 
and offshore areas through the region. Hard substrate is particularly important as it provides 
essential habitat for settling larvae, which were found to have higher survival rates when 
attaching to hard surfaces rather than shifting sand or macroalgae. EFH for juvenile and adult 
sea scallops include sand and gravel substrates in the benthic habitats in depths of 18–110 m 
(59–361 ft) (NEFMC 2017).  

Atlantic Skipjack Tuna 

Skipjack tuna (Katsuwonus pelami) EFH is designated in both OECCs and the Lease Area for 
juvenile and adult life stages. EFH for adult skipjack tuna includes coastal and offshore habitats 
between Massachusetts and South Carolina. EFH for juveniles is delineated within the same 
region, except in offshore waters only. Skipjack tuna are opportunistic foragers that feed 
primarily in surface waters but have also been caught in longline fisheries at greater depths 
(NMFS 2017).  

Atlantic Surf Clam  

Atlantic surf clam (Spisula solidissima) EFH is designated in the Massachusetts OECC for the 
juvenile and adult life stages. EFH is also designated for the Connecticut OECC for the juvenile 
life stage and the Lease Area for adult life stages. EFH for surf clams is throughout the substrate, 
to a depth of 0.9 m (3 ft) below the water/sediment interface, from the eastern edge of Georges 
Bank and the Gulf of Maine throughout the Atlantic exclusive economic zone (EEZ). Surf clams 
are generally located from the tidal zone to a depth of about 38 m (125 ft) (Cargnelli et al. 
1999b).  
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Atlantic Wolffish  

Atlantic wolffish (Anarhichas lupus) EFH is designated in the Massachusetts OECC for all life 
stages. EFH for wolffish eggs is bottom habitats over the continental shelf and slope within the 
Gulf of Maine south to Cape Cod. Wolffish eggs are deposited in rocky substrates in brood 
nests and are present throughout the year. EFH for wolffish larvae is water from the surface to 
the seafloor within the Gulf of Maine south to Cape Cod. EFH for juvenile and adult wolffish is 
bottom habitats of the continental shelf and slope within the Gulf of Maine south to Cape Cod. 
The depth range for all life stages ranges from 40–240 m (131–787 ft). Spawning is thought to 
occur in September and October. Wolffish utilize rocky habitats for shelter and nesting and 
softer substrate habitats for feeding (NOAA 2007). Although the diets of wolffish can vary, 
generally they feed on mollusks, crustaceans, and echinoderms (NOAA Fisheries 2020b). 
Wolffish biomass has shown a consistent downward trend since the 1980s and continues to 
decline because of capture as bycatch in the otter trawl fishery (NOAA Fisheries 2020b).  

Atlantic Yellowfin Tuna  

Yellowfin tuna (Thunnus albacares) EFH is designated in both OECCs and the Lease Area for 
the juvenile life stage and in both OECCs for the adult life stage. EFH for juveniles and adults 
is in offshore pelagic and coastal waters from Cape Cod to the mid-eastern coast of Florida 
and North Carolina, respectively. The diet of yellowfin tuna primarily consists of Sargassum or 
Sargassum-associated fauna (NMFS 2009).  

Barndoor Skate  

Barndoor skate (Dipturus laevis) EFH is designated for juveniles and adults in both OECCs and 
the Lease Area. Barndoor skates have a relatively wide range that extends from Newfoundland 
to North Carolina, and includes benthic habitats on the continental shelf, in depths between 
40–400 m (131–1,312 ft), and on the continental slope, in depths up to 750 m (2,461 ft), within 
Georges Banks and southern New England. Substrates included in the EFH are mud, sand, and 
gravel (NEFMC 2017). In southern New England, both juveniles and adults were most 
frequently observed in the summer, with few rare sightings of adults during the winter (Packer 
et al. 2003a). 

Basking Shark  

Basking shark (Cetorhinus maximus) EFH is designated in both OECCs and the Lease Area for 
all life stages. EFH is designated for all life stages because of insufficient data to distinguish 
EFH between size classes. EFH for juvenile and adult basking sharks is designated in the US 
Atlantic east coast from the Gulf of Maine to the northern Outer Banks of North Carolina (NMFS 
2017). Basking sharks are thought to give birth to young measuring about 180 cm. Basking 
sharks are generally observed in the northwestern and eastern Atlantic coastal regions from  
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April to October and are thought to follow zooplankton distributions (Sims et al. 2003). Basking 
shark aggregations have been observed offshore Cape Cod, Martha’s Vineyard, and Morihes 
Inlet, Long Island (NOAA 2016).  

Black Sea Bass 

Black sea bass (Centropristis striata) EFH is designated at all life stages within the Massachusetts 
OECC. EFH for the juvenile life stage is present in the Connecticut OECC and Lease Area, and 
EFH for the adult life stage is present in the Lease Area. EFH for eggs is the estuaries where 
they are common and encounter mixing waters. Eggs are found in waters over the continental 
shelf from May through October. EFH for larvae is the pelagic waters over the continental shelf 
while juvenile and adult black sea bass is demersal waters over the continental shelf from the 
Gulf of Maine to Cape Hatteras (Steimle et al. 1999e). Juveniles prey on benthic and epibenthic 
crustaceans and small fish while adults tend to forage more generally for crustaceans, fish, and 
squids. Adults are generally associated with structurally complex habitats. Juveniles and adults 
are most commonly observed in water depths equal to those in the Lease Area and OECCs in 
the spring, summer, and fall (Drohan et al. 2007).  

Blue Shark  

Blue shark (Prionace glauca) EFH is designated in both OECCs and the Lease Area for neonate, 
juvenile, and adult life stages. EFH for neonate blue shark is in areas offshore Cape Cod 
through New Jersey (NMFS 2017). EFH for juvenile and adult blue sharks is waters from the 
southern part of the Gulf of Maine to Cape Hatteras (Lent 1999). Blue sharks are highly 
migratory and observed in New England from late May through October. Blue sharks feed 
primarily on small pelagic fishes and cephalopods (Nakano et al. 2008). 

Bluefish  

Bluefish (Pomatomus saltatrix) EFH is designated in the Connecticut OECC for all life stages, 
the Massachusetts OECC for juvenile and adult life stages, and in the Lease Area for the adult 
life stage. In the northern Atlantic Ocean, eggs and larvae are found in pelagic waters over the 
continental shelf at mid-shelf depths from April through August. Juveniles and adults occur in 
estuaries from June through October. As adults, they are highly migratory depending on the 
season and size of the individuals in the schools. Bluefish opportunistically forage on regionally 
and seasonally abundant fish species. 

Common Thresher Shark  

Common thresher (Alopias vulpinus) shark EFH is designated in both OECCs and the Lease 
Area for neonate, juvenile, and adult life stages. EFH for all life stages is coastal and pelagic 
waters from Cape Cod to North Carolina and in other localized areas off the Atlantic coast.  
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Common thresher sharks occur in coastal and oceanic waters but are more common within 64–
80 km (35–43 NM) of the shoreline. Small pelagic fishes and pelagic crustaceans make up much 
of common thresher shark diet (NMFS 2017).  

Dusky Shark  

Dusky shark (Carcharhinus obscurus) EFH is designated in both OECCs and the Lease Area for 
neonate, juvenile, and adult life stages. EFH for neonate dusky sharks includes offshore areas 
of southern New England to Cape Lookout, North Carolina (NMFS 2017). EFH for juvenile and 
adult dusky sharks is waters over the continental shelf from southern Cape Cod to Florida 
(NMFS 2009). Dusky sharks migrate to northern areas of their range in the summer and return 
south in the fall as water temperatures decrease. Throughout their range, dusky sharks forage 
on bony fishes, cartilaginous fishes, and squid (Cortés et al. 2006).  Although commercial and 
recreational fishing is prohibited, the main threat to the dusky shark population is from bycatch 
and illegal harvest.  

Haddock  

Haddock (Melanogrammus aeglefinus) EFH is designated in the Lease Area for all life stages. 
Eggs, juveniles, and larval life stages have EFH designations in the Massachusetts OECC, with 
juveniles, larvae, and adult life stages designated within the Connecticut OECC. Although adult 
haddock spawn near the sea floor, eggs are buoyant and are suspended in the water column. 
EFH for haddock eggs is surface waters over Georges Bank southwest to Nantucket Shoals and 
some coastal areas from Massachusetts Bay to Cape Cod Bay (Cargnelli et al. 1999a). Adult 
spawning generally occurs from February to May and eggs are observed from March through 
May (Brodziak 2005). EFH for haddock larvae is surface waters from Georges Bank to Delaware 
Bay and some coastal areas from Massachusetts Bay to Cape Cod Bay. Larvae can be observed 
from January through July with peaks in April and May and feed on phytoplankton, copepods, 
and invertebrate eggs. EFH for juvenile haddock is benthic habitats as shallow as 20 m (66 ft). 
EFH for adult haddock is bottom habitat with substrate consisting of broken ground, pebbles, 
smooth hard sand, and smooth areas between rocky patches on Georges Bank and around 
Nantucket Shoals. Adult haddock are demersal benthivores and primarily consume ophiuroids 
and amphipods (Brodziak 2005; Cargnelli et al. 1999a). Haddock was one of the dominant 
species captured in the Northeast Fisheries Science Center (NEFSC) Multispecies Bottom Trawl 
Surveys in spring, summer, and fall. Adult haddock move offshore into deeper waters in the 
winter, which may explain the lower capture rates during this season (Brodziak 2005; NEFSC 
n.d.). 

Little Skate  

Little skate (Leucoraja erinacea) EFH is designated in both OECCs and the Lease Area for 
juvenile and adult life stages. EFH is similar for both life stages and includes intertidal and sub-
tidal benthic habitats in coastal waters of the Gulf of Maine and in the mid-Atlantic region. EFH 
primarily occurs on sand and gravel substrates, but also is found on mud (NEFMC 2017).  
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Longfin Inshore Squid  

Longfin inshore squid (Loligo pealeii) EFH is designated in the Lease Area for juvenile (pre-
recruit), and adult (recruit) life stages, and in both OECCs for eggs, juvenile, and adult life 
stages. EFH for longfin inshore squid eggs is inshore and offshore bottom habitats from 
Georges Bank to Cape Hatteras. Longfin inshore squids lay eggs in masses referred to as 
“mops” that are demersal and anchored to various substrates and hard bottom types, including 
shells, lobster pots, fish traps, boulders, submerged aquatic vegetation, sand, and mud 
(Jacobson 2005). Female longfin squid lay these egg mops during three-week periods, which 
can occur throughout the year (Hendrickson 2017). Known longfin squid spawning grounds, 
which coincide with areas of concentrated squid fishing, intersect with the OECC. EFH for 
juveniles and adults, also referred to as pre-recruits and recruits, is pelagic habitats inshore and 
offshore continental shelf waters from Georges Bank to South Carolina. Pre-recruits and 
recruits inhabit inshore areas in the spring and summer and migrate to deeper, offshore areas 
in the fall to overwinter (Jacobson 2005). Forage base for longfin inshore squid varies with 
individual size, where small squids feed on planktonic organisms and large squids feed on 
crustaceans and small fishes (Jacobson 2005).  

Monkfish  

Monkfish (Lophius americanus) EFH is designated in both OECCs and the Lease Area for all life 
stages. EFH for monkfish eggs and larvae is surface and pelagic waters of the Gulf of Maine, 
Georges Bank, southern New England, and the middle Atlantic south to Cape Hatteras. 
Monkfish eggs float near the surface in veils that dissolve and release zooplanktonic larvae after 
one to three weeks (MADMF 2022). Monkfish eggs and larvae are generally observed from 
March to September. EFH for demersal juvenile and adult monkfish is bottom habitats 
composed of a sand-shell mix, algae covered rocks, hard sand, pebbly gravel, or mud along 
the outer continental shelf in the middle Atlantic, mid-shelf off southern New England, and all 
areas of the Gulf of Maine. EFH for adult monkfish also includes the outer perimeter of Georges 
Bank (Steimle et al. 1999a). Per the Southern New England Juvenile Fish Habitat Research 
study, adult monkfish were present in the Rhode Island/Massachusetts Wind Energy Areas 
(RI/MA WEA) during sampling that occurred December through April (Siemann and Smolowitz 
2017). Larval monkfish feed on zooplankton; juveniles feed on small fish, shrimp, and squid; 
and adult monkfish eat other monkfish, crabs, lobsters, squid, and octopus (MADMF 2022).  

Northern Shortfin Squid  

Northern shortfin squid (Illex illecebrosus) EFH is designated in the Connecticut OECC for 
juvenile life stage and in the Massachusetts OECC for the adult life stage. EFH for adult 
northern shortfin squid is pelagic habitat on the continental shelf and slope from Georges Bank 
to South Carolina and in inshore waters of the Gulf of Maine and southern New England. Adult 
northern shortfin squid primarily forage for fish, euphausiids, and smaller squids (MAFMC and 
NOAA 2011).  
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Ocean Pout  

Ocean pout (Macrozoarces americanus) EFH is designated in the Lease Area for egg and adult 
life stages. In the Massachusetts and Connecticut OECCs, EFH is designated for the eggs, 
juvenile, and adult life stages. All ocean pout life stages are demersal and therefore have 
similar EFH designations. EFH for all life stages is bottom habitats in the Gulf of Maine, Georges 
Bank, southern New England and the middle Atlantic south to Delaware Bay (Steimle et al. 
1999d). Ocean pout eggs are laid in masses on hard bottom surfaces and develop from late 
fall and winter. Larvae are generally observed from late fall through spring. Juveniles and 
adults can be found throughout the year, though they move and shift habitats seasonally to 
remain in preferred temperature range (2–10 °C [36–50 °F]) (Steimle et al. 1999d). Primary prey 
species shift depending on location. Ocean pout near Nantucket Shoals target Jonah crabs 
(Cancer borealis), though sand dollars are also common in their diet (Steimle et al. 1999d).  

Ocean Quahog  

Ocean quahog (Artica islandica) EFH is designated in both OECCs and the Lease Area for 
juvenile and adult life stages. EFH for all life stages is designated throughout the substrate, to 
a depth of 0.9 m (3 ft) below the water/sediment interface from Georges Bank and the Gulf of 
Maine throughout the Atlantic EEZ (Cargnelli et al. 1999c). Ocean quahogs feed on 
phytoplankton and support the diet of invertebrate and fish predators, including sea stars, 
ocean pout, haddock, and Atlantic cod (Cargnelli et al. 1999c).  

Pollock  

Pollock (Pollachius virens) EFH is designated in the Lease Area for the larval life stage, while the 
Connecticut OECC has designations for all life stages. The Massachusetts OECC has EFH 
designations for egg, larval, and juvenile life stages. Pollock eggs are buoyant upon fertilization 
and occur in the water column (Cargnelli et al. 1999d). EFH for pollock eggs is pelagic inshore 
and offshore habitat in the Gulf of Maine, Georges Bank, and southern New England (NEFMC 
2017). The larval stage lasts between three and four months and is also pelagic. EFH 
designations for larvae are similar to those for eggs and includes pelagic inshore and offshore 
habitats in the Gulf of Maine, Georges Bank, and farther south in the Mid-Atlantic region, with 
bays and estuaries also included in these regions. As juveniles, pollock migrate between 
inshore and offshore waters with movements typically linked to water temperatures (Cargnelli 
et al. 1999d). Due to these migrations, EFH for juvenile pollock is designated as inshore and 
offshore pelagic and benthic habitats intertidal zone to 180 m (591 ft) in the Gulf of Maine, 
Long Island Sound, and Narragansett Bay, between 40 and 180 m (131–591 ft) on western 
Georges Bank and the Great South Channel, and in mixed and full salinity waters in a number 
of bays and estuaries north of Cape Cod. Habitat types included in this designation consist of 
rocky bottom habitats with attached macroalgae and shallow eelgrass beds, which provide 
refuge from predators (NEFMC 2017). Adult pollock typically remain farther offshore than the 
EFH areas designated for larvae in the Offshore Development Area.  
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Porbeagle Shark  

Porbeagle shark (Lamna nasus) EFH is combined for all life stages due to insufficient data on 
the individual life stages and designated EFH overlaps with both OECCs and the Lease Area. 
EFH for porbeagle shark includes offshore and coastal waters of the Gulf of Maine (excluding 
Cape Cod and Massachusetts Bay) and offshore waters from Georges Bank to New Jersey. 
Porbeagle sharks commonly inhabit deep, cold temperate waters and forage primarily on fish 
and cephalopod species (NMFS 2017).   

Red Hake  

Red hake (Urophycis chuss) EFH is designated in both OECCs and the Lease Area for all life 
stages. EFH for red hake eggs and larvae is surface waters of the Gulf of Maine, Georges Bank, 
the continental shelf off southern New England, and the middle Atlantic south to Cape 
Hatteras. Red hake eggs are generally observed from May through November while larvae are 
commonly observed from May through December. EFH for juvenile red hake is bottom habitats 
with a substrate of shell fragments in the Gulf of Maine, Georges Bank, the continental shelf off 
southern New England, and the middle Atlantic south to Cape Hatteras (Steimle et al. 1999b). 
Juvenile red hake are pelagic and congregate around floating debris for a time before 
descending to the bottom (Steimle et al. 1999b). EFH for adult red hake is bottom habitats in 
depressions with sandy or muddy substrates in the Gulf of Maine, Georges Bank, the 
continental shelf off southern New England, and the middle Atlantic south to Cape Hatteras. 
Although adult red hake are generally demersal, they can be found in the water column 
(Steimle et al. 1999b). Red hake larvae primarily consume copepods; juveniles prey upon small 
benthic and pelagic crustaceans; and adults prey upon benthic and pelagic crustaceans, fish, 
and squid (Steimle et al. 1999b). 

Sand Tiger Shark  

Sand tiger shark (Carcharias taurus) EFH is designated in both OECCs for neonates and 
juveniles (NMFS 2017). EFH for sand tiger shark neonates is along the US Atlantic east coast 
from Cape Cod to northern Florida. Neonate sand tiger sharks inhabit shallow coastal waters 
within the 25 m (82 ft) isobath (NMFS 2017). EFH for juvenile sand tiger sharks is designated in 
habitats between Massachusetts and New York and between New Jersey and Florida (NMFS 
2017). The sand tiger shark is a Species of Concern because population levels are estimated 
to be only 10% of pre-fishery conditions. Population declines were primarily caused by historic 
overfishing while continued decline is due to capture as bycatch. Although fishing is restricted 
for sand tiger sharks, low fecundity has limited their ability to recover (Carlson et al. 2009).  
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Sandbar Shark  

Sandbar shark (Carcharhinus plumbeus) EFH is designated in both OECCs for the juvenile and 
adult life stages. EFH for juvenile sandbar shark includes coastal areas of the US Atlantic 
between southern New England and Georgia (NMFS 2017). EFH for adult sandbar sharks is 
coastal areas from southern New England to Florida. Sandbar sharks are a bottom-dwelling 
shark species that primarily forages for small bony fishes and crustaceans (NMFS 2009).  

Scup  

Scup EFH is designated in the Lease Area for juvenile and adult life stages and in both OECCs 
for all life stages. EFH for eggs is estuaries from May through August, and May through 
September for larvae. EFH for juvenile and adult scup are the inshore and offshore demersal 
waters over the continental shelf from the Gulf of Maine to Cape Hatteras (Steimle 1999c). 
Juvenile scup feed mainly on polychaetes, epibenthic amphipods, and small crustaceans, 
mollusks, and fish eggs while adults have a similar diet, they also feed on small squid, vegetable 
detritus, insect larvae, sand dollars, and small fish (Steimle et al. 1999c). Scup occupy inshore 
areas in the spring, summer, and fall and migrate offshore to overwinter in warmer waters on 
the outer continental shelf (Steimle et al. 1999c). Scup was a dominant finfish species captured 
in the NEFSC Multispecies Bottom Trawl survey during spring, summer, and fall surveys and in 
the Massachusetts Division of Marine Fisheries trawl surveys in the spring and fall. 

Shortfin Mako Shark  

Shortfin mako shark (Isurus oxyrinchus) EFH is designated in the Lease Area and both OECCs 
for all life stages. EFH for all life stages is combined and considered the same due to insufficient 
data needed to differentiate EFH by life stage. EFH for shortfin mako shark is coastal and 
offshore habitats from Cape Cod to Cape Lookout, North Carolina and additional offshore 
areas in the Gulf of Maine, Florida, and Gulf of Mexico. Shortfin mako shark feed on swordfish, 
tuna, other sharks, clupeids, crustaceans, and cephalopods (NOAA Fisheries 2020a). 

Silver Hake  

Silver hake (Merluccius bilinearis), also known as whiting, has EFH designated in the Lease Area 
and both OECCs for all life stages. EFH for the egg and larval stages is surface waters of the 
Gulf of Maine, Georges Bank, the continental shelf off southern New England, and the middle 
Atlantic south to Cape Hatteras. Whiting eggs and larvae are observed all year with peaks in 
egg observations from June through October and peaks in larvae observations from July 
through September. EFH for juvenile and adult life stages is bottom habitats of all substrate 
types in the Gulf of Maine, Georges Bank, the continental shelf off southern New England, and 
the middle Atlantic south to Cape Hatteras (Morse et al. 1999). Silver hake are considered 
ravenous predators at all feeding life stages. Adults are semi-pelagic, nocturnal predators and 
primarily feed on fish, crustaceans, and squid (Lock and Packer 2004). 
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Smooth Dogfish  

Due to insufficient information on the individual life stages (neonate, juvenile, and adult), EFH 
for smooth dogfish (Mustelus canis) is designated for all life stages combined and occurs in 
both OECCs and the Lease Area. EFH for smooth dogfish includes coastal areas and inshore 
bays and estuaries from Cape Cod Bay to South Carolina (NMFS 2017). Smooth dogfish are 
primarily demersal and undergo temperature stimulated migrations between inshore and 
offshore waters. Throughout their region, diets are dominated by invertebrates, especially 
American lobster (Homarus americanus); however, they also feed on small bony fishes 
throughout New England (NMFS 2017).  

Spiny Dogfish  

Spiny dogfish (Squalus acanthias) EFH is designated in the Lease Area for the juvenile and adult 
life stage. EFH is designated in both OECCs and the Lease Area for sub-adult and adult life 
stages. EFH for juvenile and adult spiny dogfish is waters on the continental shelf from the Gulf 
of Maine through Cape Hatteras (McMillan and Morse 1999). Pups are born in the offshore 
wintering grounds from November to January. Spiny dogfish primarily feed on fish, squid, and 
ctenophores, which they detect through olfaction, vision, acoustics, and sensing electrical 
fields. Spiny dogfish are a dominant finfish species in the MA WEA throughout the year (NEFSC 
n.d.) and are most common from the winter through the spring.  

Summer Flounder  

Summer flounder EFH is designated in both OECCs and the Lease Area for all life stages. EFH 
for eggs and larvae is pelagic waters found over the continental shelf from the Gulf of Maine 
to Cape Hatteras. Eggs are generally observed between October and May, while larvae are 
found from September through February. EFH for juvenile and adult summer flounder is 
demersal waters over the continental shelf from the Gulf of Maine to Cape Hatteras. In addition 
to EFH designations, there are also HAPC designations throughout the region. HAPC is 
designated as areas of all native species of macroalgae, seagrasses, and freshwater and tidal 
macrophytes in any size bed, as well as loose aggregations, within adult and juvenile summer 
flounder EFH (Packer et al. 1999). Juvenile summer flounder inhabit inshore areas such as salt 
marsh creeks, seagrass beds, and mudflats in the spring, summer, and fall and move to deeper 
waters offshore in the winter. Adults inhabit shallow coastal and estuarine areas during the 
warmer seasons and migrate offshore during the winter (Packer et al. 1999). Summer flounder 
are opportunistic feeders and diets generally correspond to prey availability in relation to 
flounder size, with smaller individuals primarily consuming crustaceans and polychaetes and 
larger individuals focusing more on fish prey (Packer et al. 1999).  
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Tiger Shark  

Tiger shark (Galeocerdo cuvier) EFH is designated in both OECCs and the Lease Area for the 
juvenile and adult life stage. EFH for the juvenile life stage extends from Georges Bank to the 
Florida Keys in offshore pelagic habitats associated with the continental shelf break at the 
seaward extent of the US EEZ boundary (NMFS 2017). Tiger sharks are a warm water shark 
species and primarily remain south of the Mid-Atlantic Bight; however, they will occasionally 
travel farther north during the warmer summer months (NMFS 2017).  

White Hake  

White hake (Urophycis tenuis) EFH is designated in the Lease Area and the Connecticut OECC 
for juvenile and adult life stages, and the Massachusetts OECC for larval, juvenile, and adult life 
stages. Eggs are buoyant and occur in the water column; therefore, EFH is designated as 
pelagic habitats in the Gulf of Maine, including Massachusetts and Cape Cod Bays, and the 
outer continental shelf and slope (NEFMC 2017). Juveniles are pelagic until they reach a certain 
length and become demersal (Chang et al. 1999a). EFH for the juvenile stage is designated as 
intertidal and sub-tidal estuarine and marine habitats in the Gulf of Maine, Georges Bank, and 
southern New England, including mixed and high salinity zones in a number of bays and 
estuaries north of Cape Cod, to a maximum depth of 300 m (984 ft) (NEFMC 2017). For 
juveniles, EFH occurs on fine-grained, sandy substrates in eelgrass, macroalgae, and un-
vegetated habitats. EFH for adults also occurs in fine-grained, muddy, substrates but also in 
mixed sand and rocky habitats. 

White Shark  

White shark (Carcharodon carcharias) EFH is designated in both OECCs for the neonate life 
stage, and both OECCs and the Lease Area for the juvenile, and adult life stages. EFH for 
neonates is inshore waters out to 105 km (57 NM) from Cape Cod to New Jersey. EFH for 
juvenile and adult white shark is combined and includes inshore waters out to 105 km (57 NM) 
from Cape Ann, Massachusetts to Cape Canaveral, Florida (NMFS 2017). White shark primarily 
consume fish as neonates and juveniles below 300 centimeters (120 inches) total length. Once 
they reach lengths greater than 300 centimeters (120 inches), white sharks begin consuming 
marine mammals primarily (Estrada et al. 2006).  

Windowpane Flounder  

Windowpane flounder (Scophthalmus aquosus) EFH is designated in both OECCs and the 
Lease Area for all life stages. EFH for eggs is surface waters around the perimeter of the Gulf 
of Maine, Georges Bank, southern New England, and the middle Atlantic south to Cape 
Hatteras. Windowpane flounder eggs are generally observed from July to August in northern 
Atlantic areas. EFH for larvae is pelagic waters around the perimeter of the Gulf of Maine, 
Georges Bank, southern New England, and the middle Atlantic south to Cape Hatteras. EFH 
for juvenile and adult life stages is bottom habitats that consist of mud or fine-grained sand 
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substrate around the perimeter of the Gulf of Maine, Georges Bank, southern New England, 
and the middle Atlantic south to Cape Hatteras (Chang et al. 1999b). Juvenile and adult 
windowpane flounder feed on small crustaceans, especially mysid and decapod shrimp, and 
fish larvae (Chang et al. 1999b). 

Winter Flounder  

Winter flounder EFH is designated in the Lease Area for larval, juvenile, and adult life stages, 
and in both OECCs for all life stages. EFH for eggs is bottom habitats with sandy, muddy, mixed 
sand/mud, and gravel substrates on Georges Bank, the inshore areas of Gulf of Maine, 
southern New England, and the middle Atlantic south to Delaware Bay. Eggs are primarily 
observed from February through June. EFH for larvae is pelagic and bottom waters in Georges 
Bank, the inshore areas of the Gulf of Maine, southern New England, and the middle Atlantic 
south to Delaware Bay. Larvae are generally observed from March through July. EFH for 
juvenile and adult winter flounder is bottom habitats with muddy or sandy substrate in Georges 
Bank, the inshore areas of the Gulf of Maine, southern New England, and the middle Atlantic 
south to Delaware Bay. Winter flounder spawning occurs in the winter with peaks in February 
and March (Pereira et al. 1999). Previous research has reported that winter flounder spawning 
is confined to shallow inshore waters; however, a study conducted by the Coonamessett Farm 
Foundation, Inc. identified gravid and, recently, spent winter flounder females in the offshore 
areas of southern New England, indicating that winter flounder spawning is not confined to 
shallow inshore waters (Siemann and Smolowitz 2017). Winter flounder are considered 
opportunistic feeders throughout each life stage and consume a wide range of prey. Adults 
feed on bivalves, eggs, and fish, but shift diets based on prey availability (Pereira et al. 1999). 

Winter Skate  

Winter skate (Leucoraja ocellate) EFH is designated in both OECCs and the Lease Area for 
juvenile and adult life stages (NEFMC 2017). EFH for juvenile and adult winter skate includes 
sand and gravel substrates in sub-tidal benthic habitats in depths from the shore to 80–90 m 
(262–295 ft) from eastern Maine to Delaware Bay, on the continental shelf in southern New 
England and the mid-Atlantic region, and on Georges Bank. As a demersal species, winter 
skate consume a large variety of demersal prey including polychaetes, amphipods, and 
crustaceans (Packer et al. 2003b).  

Witch Flounder  

Witch flounder EFH is designated in the Lease Area and the Connecticut OECC for all life 
stages, and for egg, larvae, and adult life stages in the Massachusetts OECC. EFH for eggs is 
surface waters of the Gulf of Maine, Georges Bank, the continental shelf off southern New 
England, and the middle Atlantic south to Cape Hatteras. EFH for larvae is surface waters to 
250 m (820 ft) in the Gulf of Maine, Georges Bank, the continental shelf off southern New 
England, and the middle Atlantic south to Cape Hatteras. Witch flounder eggs are generally  
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observed from March through October, while larvae are observed from March through 
November (Cargnelli et al. 1999e). Witch flounder diet consists primarily of polychaetes and 
crustaceans (Cargnelli et al. 1999e).  

Yellowtail Flounder  

Yellowtail flounder (Limanda ferruginea) EFH is designated in both OECCs and the Lease Area 
for all life stages. EFH for eggs and larvae is surface waters of Georges Bank, Massachusetts 
Bay, Cape Cod Bay, and the southern New England continental shelf south to Delaware Bay. 
Eggs are most often observed from April through June and larvae are observed from May 
through July. EFH for juvenile and adult yellowtail flounder is bottom habitats with sandy or 
mixed sand and mud substrates on Georges Bank, the Gulf of Maine, and the southern New 
England shelf south to Delaware Bay (Johnson et al. 1999). Yellowtail flounder forage primarily 
for benthic macrofauna and diets largely consist of amphipods, polychaetes, and crustaceans 
(Johnson et al. 1999). 
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4 Potential Impacts and Proposed Avoidance, 
Minimization, and Mitigation Measures 

The potential impact producing factors (IPFs) that may affect essential fish habitat during the 
construction, operations and maintenance (O&M), and/or decommissioning of Vineyard 
Northeast are presented in Table 4.0-1. 

Table 4.0-1 Impact Producing Factors for Essential Fish Habitat Assessment 

Impact Producing Factors Construction 
Operations and 

Maintenance 
Decommissioning 

Seafloor Disturbance and Habitat 

Modification 
• • • 

Suspended Sediments and 

Deposition 
• • • 

Entrainment and Impingement • • • 

Electromagnetic Fields  •  

Noise • • • 

 

Potential effects to EFH were assessed using the maximum design scenario for Vineyard 
Northeast’s offshore facilities as described in Section 1.5 of COP Volume II.  

4.1 Seafloor Disturbance and Habitat Modification 

Temporary to long-term seafloor disturbance and habitat modification may occur from the 
installation, maintenance, and decommissioning of Vineyard Northeast components in the 
Lease Area and OECCs. These components include foundations (for the WTG, ESP, and 
booster station), scour protection, export cables, inter-array and inter-link cables, and cable 
protection (if required). Long-term habitat modification may result from installation of 
foundations, scour protection, and cable protection (if required). Additional temporary habitat 
modification may result from installation, maintenance, and decommissioning of export, inter-
array and inter-link cables; pre-installation activities (such as sand bedform dredging, boulder 
clearance, and a pre-lay grapnel run); and usage of equipment that contacts the seafloor (such 
as jack-up vessels, vessel anchors or spud legs).  

Table 4.1-1 provides the estimated long-term and temporary seafloor impacts by habitat type. 
Values are primarily based the percentage of each habitat type in the Lease Area and OECC 
(as described in Section 2.1) and should be considered approximate since the specific 
locations of long-term and temporary impacts (such as placement of cable protection and 
location of any needed dredging) are highly dependent upon the ongoing export cable 
engineering process and the final selected cable routes. 
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Table 4.1-1 Summary of Maximum Potential Seafloor Disturbance by Habitat Type    

Habitat Type 

Lease Area Massachusetts OECC 
Connecticut OECC 

Using Eastern Point 
Beach Approach 

Connecticut OECC 
Using Ocean Beach 

Approach 

Connecticut OECC 
Using Niantic Beach 

Approach 

Long-Term Temp. 
Long-
Term 

Temp. 
Long-
Term 

Temp. 
Long-
Term 

Temp. 
Long-
Term 

Temp. 

Complex 
0 km2 

(0 acres) 

0 km2 

(0 acres) 

0.17 km2 

(42 acres) 

0.2 km2 

(48 acres) 

0.114 km2 

(28 acre) 

0.49 km2 

(122 acres) 

0.114 km2 

(28 acre) 

0.48 km2 

(120 acre) 

0.087 km2 

(22 acre) 

0.78 km2 

(193 acres) 

Heterogenous 

Complex 

0.16 km2 

(40 acres) 

0.57 km2 

(140 acres) 

0.14 km2 

(35 acres) 

0.67 km2 

(165 acres) 

0.05 km2 

(13 acres) 

0.79 km2 

(194 acres) 

0.05 km2 

(12 acres) 

0.81 km2 

(199 acres) 

0.05 km2 

(12 acres) 

0.65 km2 

(161 acres) 

Large Grained 

Complex 

0 km2 

(0 acres) 

0 km2 

(0 acres) 

0 km2 

(0 acres) 

0 km2 

(0 acres) 

0 km2 

(0 acres) 

0.035 km2 

(8.8 acres) 

0 km2 

(0 acres) 

0.036 km2 

(9 acres) 

0 km2 

(0 acres) 

0.001 km2 

(0.2 acres) 

Soft Bottom 
1.87 km2 

(461 acres) 

6.59 km2 

(1,627 acres) 

0.04 km2 

(10 acres) 

3.49 km2 

(862 acres) 

0.006 km2 

(2 acres) 

2.84 km2 

(703 acres) 

0.006 km2 

(2 acres) 

2.8 km2 

(691 acres) 

0.006 km2 

(1 acres) 

2.88 km2 

(711 acres) 

Total 
2.03 km2 

(502 acres) 

7.15 km2 

(1,767 acres) 

0.35 km2 

(87 acres) 

4.35 km2 

(1,075 acres) 

0.17 km2 

(42 acres) 

4.16 km2 

(1,028 

acres) 

0.17 km2 

(42 acres) 

4.13 km2 

(1,019 

acres) 

0.14 km2 

(35 acres) 

4.31 km2 

(1,066 

acres) 
Note:  
1. Numbers may not sum perfectly due to rounding. 
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Direct impacts from seafloor disturbance during construction, maintenance activities, or 
decommissioning include the physical displacement, injury, and mortality of organisms and 
conversion of habitat types in both the Lease Area and OECCs. Sessile and slow-moving 
benthic and demersal species including those that create habitat and early life stages of 
invertebrates and fishes such as eggs and larvae are most at risk of injury and death from 
physical trauma as foundations, scour protection, cables, anchors, anchor lines, jack-up legs, 
and spud legs contact the seafloor. Export, inter-array, and inter-link cable installation and 
maintenance may affect organisms down to the target cable burial depth beneath stable 
seafloor of 1.5–2.5 m (5–8 ft),2 or deeper where dredging is required prior to cable installation, 
and foundation installation may affect organisms down to the maximum foundation 
penetration depth as listed in Sections 3.3 and 3.4 of COP Volume I. Overall, these impacts are 
expected to be localized and limited to the relatively small impact areas from construction 
(Table 4.1-1). In addition, the MA WEA was selected by BOEM because it contains very little 
sensitive finfish and invertebrate habitat (Guida et al. 2017). Mobile species and life stages 
including demersal and pelagic fishes and benthic and pelagic invertebrates are expected to 
be impacted temporarily as they move to avoid physical contact and motions perceived as 
threats. These temporary avoidance impacts occur over a relatively short period and are 
comparable to existing disturbances by vessel traffic and fishing gear with organisms expected 
to return after the action ceases. Impacts from sedimentation during construction are 
discussed in Section 4.2. 

Temporary habitat modifications, including temporary alterations to bathymetry, may occur 
during construction. Within the Lease Area, temporary habitat modifications may particularly 
affect EFH of benthic and demersal species that associate with soft bottom habitats. Dynamic, 
sandy physical habitat begins to recover substantially within a few months of disturbance and 
can fully recover abundance within two years and recover biomass and diversity in two to four 
years (Van Dalfsen and Essink 2001; Dernie et al. 2003). There is potential for EFH of structure-
associated benthic and demersal species to be affected if and where complex habitat is 
present. Some nearshore hard-bottom habitats within Offshore Development Area may be 
designated as HAPC for juvenile Atlantic cod (HAPC for cod specifically includes mixed sand 
and gravel and rocky habitats). Additionally, these structurally complex habitats provide shelter 
and refuge habitat for small fishes and invertebrates and substrates for attachment epibenthic 
organisms (Auster 1998). Effects could range from increased seafloor relief to limited impacts 
from loss of key prey species due to mortality in affected areas. However, these effects are 
considered temporary because habitats are expected to begin recovery once construction, 
maintenance, or decommissioning activities are completed, and the local severity of these 
impacts is comparable to ongoing fishing dredge impacts along the Northeast US shelf and 
potential impacts are relatively small in spatial scale (Table 4.1-1). For vessels other than cable 
laying vessels (which must maintain tension on anchor lines), where it is considered impossible 

 

2  Unless the final Cable Burial Risk Assessment (CBRA) indicates that a greater burial depth is 
necessary and taking into consideration technical feasibility factors, including thermal conductivity. 
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or impracticable to avoid a sensitive seafloor habitat when anchoring, the use of mid-line 
anchor buoys will be considered (where feasible and considered safe) as a potential measure 
to reduce impacts from anchor line sweep. A fisheries monitoring plan will be developed to 
monitor key indicators before and after construction; such monitoring may be part of regional 
monitoring efforts.  

Long-term modification/conversion of habitat type may affect EFH of benthic/demersal and 
pelagic fishes. Foundations and scour protection will create hard/complex habitat in the water 
column and along the seafloor that previously did not exist, and cable protection will cover 
existing habitat with anthropogenic hard bottom. The Proponent intends to avoid or minimize 
the use of cable protection to the greatest extent feasible through careful site assessment and 
thoughtful selection of the most appropriate cable installation tool to achieve sufficient burial. 
Foundations, scour protection, and cable protection are expected to have localized benefits 
for structure-associated species through the conversion of habitat, with potential localized 
adverse impacts to species that prefer fine substrates. Research focused on changes in 
community assemblages related to habitat around offshore wind farms found that species that 
prefer complex habitat became newly established after installation while communities in 
nearby soft-bottom habitats remained unchanged (Stenberg et al. 2015). The newly created 
foundation structure throughout the water column can be compared to the addition of artificial 
reefs which have been shown to lead to ecological benefits (Langhamer 2012). Some of these 
benefits observed around WTGs include increased biodiversity and abundances of fishes 
(Wilhelmsson et al. 2006; Andersson and Öhman 2010; Riefolo et al. 2016; Raoux et al. 2017). 
Addition of foundations may also alter trophic dynamics from the bottom up through the 
introduction of new surfaces for filter feeders to colonize and consume plankton (Coates et al. 
2014; Slavik et al. 2017). However, the habitat created by the addition of offshore components 
also has potential to benefit non-indigenous species and provide a mechanism for wider 
dispersal of potentially harmful non-indigenous species through a steppingstone effect 
(Glasby et al. 2007) resulting in localized impacts to the finfish and invertebrates such as blue 
mussels and fishes that consume them. Cable protection is expected to have similar impacts in 
places where it is placed on fine substrate, but, where it is placed on hard/complex habitat, it 
may have temporary negative impacts to structure-oriented species until it is colonized by the 
benthic community.  

Overall, any such long-term changes due to the introduction of foundations, scour protection, 
and cable protection are only anticipated to affect a small percentage of the available habitat 
in the Lease Area and OECCs. For example, long-term impacts are only 0.4% of the total size 
of the Lease Area. Additionally, the Proponent’s goal is to minimize the use of cable protection 
to the greatest extent possible through a careful route assessment and the selection of the 
most appropriate cable burial tool for each segment of the cable route.  

Eelgrass, important EFH habitat for many species and included in the designation of HAPC for 
summer flounder, was observed at least in the form of occasional strands and clumps within 
the Offshore Development Area, specifically along portions of the Connecticut OECC near the 
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Niantic Beach Landfall Site (Section 2.1.3). However, the cables will be routed within the OECC 
to avoid impacts to any potential eelgrass. In addition, presence of any native species of 
macroalgae, seagrasses, or freshwater and tidal macrophytes in any size bed, as well as loose 
aggregations qualify that habitat type as HAPC for summer flounder. Presence of these habitat 
types as determined by noted in site characterization surveys and will be avoided. 

During decommissioning, all offshore components will be removed, although the offshore 
cables may be retired in place or removed. Temporary effects from decommissioning are 
expected to be similar to those experienced during construction. The long-term modifications 
of habitat are expected to be reversed upon decommissioning when offshore components are 
removed below the mudline (unless cable and scour protection are retired in place, in which 
case they will continue to function as hard/complex bottom unless buried by sedimentation). 

4.2 Suspended Sediments and Deposition 

Temporary increases in suspended sediments and subsequent sediment deposition may occur 
in the Lease Area and OECCs from the installation, maintenance, and decommissioning of 
export cables, inter-array cables, inter-link cables, foundations, and scour protection. 
Specifically, sediment is expected to be suspended into the water column during cable pre-
installation activities (e.g., sand bedform dredging, boulder clearance, and a pre-lay grapnel 
run), cable installation, seabed preparation prior to foundation installation (if needed), 
installation of cable protection (where required),  the use of other equipment that contacts the 
seafloor (e.g., jack-up vessels, vessel anchors, or spud legs), and excavation of the temporary 
horizontal directional drilling (HDD) exit pit. The majority of these activities would occur during 
construction, with potential for limited maintenance if cables require repair or maintenance; 
however, any maintenance impacts would be expected to be far less than those from 
construction activities. Impacts from suspended sediments and deposition would be 
temporary and confined to a small area close to the location of the installation activity.  

Direct effects on EFH from suspended sediments will temporarily impact water column EFH 
and can include visual impairment, asphyxiation, and reduced filter feeding abilities of species 
within the habitat. Severity of impacts from suspended sediments during construction, 
maintenance activities, or decommissioning would vary based on the concentration and 
duration of suspended material. Sediment is suspended regularly by storm events so many 
species are adapted to sediment impacts from suspended sediments. As discussed in Section 
4.6 of COP Volume II, reduced growth and oxygen consumption of bivalves can occur when 
sediment concentrations of 100 milligrams per liter (mg/L) persist for two days (Wilber and 
Clarke 2001). Sublethal effects (i.e., non-lethal asphyxiation) were observed for adult white 
perch (Morone americana) when 650 mg/L of suspended sediments persisted for five days 
(Sherk et al. 1974). Lethal effects for other adult fish species can occur at concentrations greater 
than 1,000 mg/L that persist for at least 24 hours (Sherk et al. 1974; Wilber and Clarke 2001). 
Fish eggs and larvae are typically more sensitive, with delayed hatching observed for white 
perch at a sediment concentration of 100 mg/L for one day (Sherk et al. 1974). Therefore, 100 
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mg/L for 24 hours is considered a conservative threshold for impacts from suspended 
sediments. As described in Section 4.5 of COP Volume II, concentrations of 10 mg/L for 24 
hours could potentially affect settlement of extremely sensitive life stages (i.e., coral larvae) and 
is therefore considered an extremely conservative threshold.  

Direct effects on EFH from the resettlement of suspended sediments will temporarily impact 
water column EFH and can include mortality or injury, particularly for immobile species or life 
stages and habitat disturbance/conversion from burial and smothering. Severity of impacts 
from deposited sediments during construction, maintenance activities, or decommissioning 
would vary based on the thickness of material and habitat type. As discussed in Section 4.5, 
some infaunal bivalves can withstand deposition levels up to 300 mm (12 in) (Essink 1999). 
Sessile or seafloor surface-dwelling species, such as blue mussels and queen scallops 
(Aequipecten opercularis), are more sensitive to deposition levels and lethal effects have been 
observed with burial depths between 20–100 mm (0.8–4 in) (Essink 1999; Hendrick et al. 2016). 
For demersal eggs (fish [e.g., Atlantic wolffish (Anarhichas lupus), Atlantic herring, and winter 
flounder], squid [e.g., longfin inshore squid], and whelk species), deposition greater than 1 mm 
(0.04 in) can result in the burial and mortality of that life stage (Berry et al. 2011). Therefore, 
sediment deposition thicknesses of 1 mm (0.04 in) and 20 mm (0.8 in) are considered the 
conservative thresholds for demersal eggs and shellfish, respectively.  

To assess the impacts of suspended sediments and deposition, sediment transport modeling 
was completed for three activities: export cable and inter-array cable installation, HDD exit pit 
construction, 3  and sand bedform dredging (see Appendix II-P). Activities were modeled 
separately within the Lease Area, Massachusetts OECC, and the Connecticut OECC. Model 
results provided the following estimates of the durations and concentrations of suspended 
sediment during construction: 

• Export and inter-array cable installation: Above-ambient total suspended solids 
(TSS) concentrations substantially dissipate within one to two hours and fully dissipate 
in less than four to 12 hours. The modeling analyses predict that suspended sediment 
concentrations induced by installation of the cables will largely be of short duration, 
confined to the near-bottom portion of the water column, and will return to ambient 
conditions within several hours after the installation device has passed. Additionally, if 
a pre-pass jetting run (using a jet plow or jet trencher) were to be conducted along the 
route (see Section 3.5.4 of COP Volume I), it is anticipated this would occur with 
sufficient time for any suspended sediment concentrations to return to ambient 
conditions prior to cable installation. 

 

3  As described in Appendix II-P, the modeling for HDD exit pit construction focused on backfilling 
since it may result in greater water quality effects than excavation under the conservative assumption 
that dredged material is released at the water surface. 
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• HDD exit pit construction: Above-ambient TSS concentrations may be present 
throughout the entire water column because sediments were released at the water 
surface but are predicted to return to ambient conditions within six hours.   

• Sand bedform dredging and dumping: Above-ambient TSS concentrations 
originating from the potential dredging equipment are intermittent along the route and 
coincide with the representative dredge locations (due to drag arm disturbances at the 
seafloor) and representative dumping locations. Above-ambient TSS concentrations 
substantially dissipate within two to three hours and fully dissipate within either four to 
six hours (for the Lease Area, Massachusetts OECC, and Eastern Point Beach Approach 
model scenarios) or six to 12 hours (for the Niantic Beach Approach and the 
Connecticut OECC model scenarios). 

Since suspended sediments are expected to dissipate within 12 hours for all modeled 
scenarios and do not exceed the conservative effects threshold of concentrations of 100 mg/L 
for 24 hours or 200 mg/L for 12 hours, suspended sediments from construction and operation 
activities are not expected to have lethal or sublethal effects to finfish and invertebrates in the 
Offshore Development Area. In addition, suspended sediments are expected to be localized, 
with high concentrations not expected to travel greater than a few kilometers (few miles) from 
the centerline. 

Model results also provided estimates of the extent, area, and range of thicknesses of 
deposited sediment during construction (Appendix II-P). Model results for export cable and 
inter-array cable installation, HDD exit pit construction, and sand bedform dredging and 
dumping provided the following estimates: 

• Export and inter-array cable installation: The model predicted a depositional 
thickness between 1 mm (0.04 in) and 10 mm (0.4 in). 

• HDD exit pit construction: The model predicted a depositional thickness of less than 
5 mm (0.2 in) for the Massachusetts Landfall Site HDD Exit Pit Construction model 
scenario and less than 100 mm (4 in) for the Connecticut Landfall Site HDD Exit Pit 
Construction model scenario, although it is noted that only a small area (0.02 km2 [5 
acres]) near the Connecticut HDD exit pit is predicted to have greater than 20 mm (0.8 
in) of deposition. 

• Sand bedform dredging and dumping: The model predicted the cumulative 
sediment deposition from the representative sand bedform dredging simulations 
within the Lease Area, Massachusetts OECC, and Connecticut OECC to be less than 5 
mm (0.2 in) and to remain close to the drag arm disturbances (i.e., within 0.09 km of the 
disturbance location) and within the OECC. The deposition associated with overflow 
and dumping exceeded a thickness of 100 mm (4 in) but was predicted to remain 
around the dump locations (i.e., within 0.1 km [0.06 mi] to 0.43 km [0.27 mi] depending 
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on the simulation), with a thickness of 1 to 5 mm (0.04 to 0.2 in) occurring in isolated 
and patchy locations depending on the location of the prevailing currents at the time 
of release. 

For export cable installation and HDD exit pit construction, the model predicted that 
deposition in most areas would be below the 20 mm (0.8 in) sensitivity threshold for shellfish, 
with only a small area (0.02 km2 [5 acres]) predicted to have deposition above 20 mm (0.8 in). 
If a pre-pass jetting run (using a jet plow or jet trencher) were to be conducted along the route 
(see Section 3.5.4 of COP Volume I), the predicted deposition is expected be similar to that of 
the export cable installation scenario and remain below the 10 mm (0.4 in) threshold. Sufficient 
time is also anticipated between the pre-pass jetting run and cable installation to allow for 
some of this sediment deposition to settle out due to the forcing of surrounding currents.  

Dredging and dumping activities are predicted to result in additional areas receiving 
deposition above 20 mm (0.8 in), primarily due to dumping activities at discrete locations along 
each OECC and within the Lease Area. The modeled areas with predicted deposition above 
20 mm (0.8 in) range between 0.04 km2 (10 acres) to 0.92 km2 (227 acres) depending on the 
location (Lease Area, Massachusetts OECC, or Connecticut OECC and associated landfall 
sites). However, the potential impact to finfish and invertebrate resources from deposition 
above 20 mm (0.8 in) is a small portion of the available habitat. For example, the extent of 
deposition above 20 mm (0.8 in) along the Connecticut OECC using the Niantic Beach 
Approach, the scenario with the highest sediment deposition results from modeling (Appendix 
II-P), is expected to be restricted to a maximum distance of 0.43 km (0.27 mi) from the route 
centerline (Appendix II-P). Additionally, if all of the area that would be impacted by the 
predicted deposition above 20 mm (0.8 in) along the Connecticut OECC using the Niantic 
Approach was conservatively assumed to be heterogeneous complex and complex habitat 
(Appendix II-D), this would only potentially impact approximately 3% of the available habitat 
within the OECC, with additional habitat available in the regions surrounding the OECC. 
Similarly, since the areas of sediment deposition above 20 mm (0.8 in) are predicted to be less 
for the Massachusetts OECC and Lease Area than for the Connecticut OECC, the percentage 
of habitat impacted is expected to be an even smaller portion of the available habitat. For this 
reason, though there are expected to be short-term to longer term (several years) impacts on 
the finfish and invertebrate resources along the Connecticut OECC, Massachusetts OECC, and 
Lease Area, these are not anticipated to result in population-level effects. In addition, a benthic 
habitat monitoring plan has been developed (Appendix II-R) to monitor recovery after 
construction in areas with sensitive habitats where similar post-construction monitoring has not 
already been conducted for other projects (such as along the OECCs). 

4.3 Entrainment and Impingement 

Localized entrainment and potentially impingement of planktonic life stages of finfish and 
invertebrates within water column EFH may occur in the Lease Area and OECCs from the 
installation, maintenance, and decommissioning of export cables, inter-array cables, inter-link 
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cables, foundations, and scour protection. Short-term impacts may result from vessel cooling 
systems used during all phases and from other pump intakes including the potential use of 
jetting equipment to install export, inter-array, and inter-link cables. If the selected ESP includes 
high voltage direct current (HVDC) equipment, impacts may result from the cooling water 
intake structure (CWIS) which may be required.4 

Direct impacts from entrainment could be mortality of entrained organisms in both the Lease 
Area and OECCs. Impacts from impingement can range from injury to mortality. The rate of 
entrainment and impingement are dependent on the physical characteristics of the intake and 
composition of the local finfish and invertebrate community. The size of the intake screen 
controls the maximum size of organisms that can be entrained while intake flow velocities 
determine the capability of organisms to avoid entrainment and impingement. The intake flow 
volume influences the total number of organisms that may be impacted. Planktonic organisms, 
such as some egg and larval fish and invertebrates, are most at risk of mortality from 
entrainment due to their small size and zero to limited swimming ability. Although survival rates 
of entrained organisms may vary (Mayhew et al. 2000), it is conservatively assumed that 
entrained eggs and larvae would experience 100% mortality rates. 

An HVDC CWIS is expected to intake up to 8.75 million gallons (33.1 million liters) per day 
throughout the operational period, which is roughly 0.0001% of the volume of water within the 
Lease Area assuming an average depth of 50 m (164 ft). Based on this volume and because 
more than 25% of the intake volume will be used for cooling, this new facility will be subject to 
the Track One requirements for new facilities defined at § 125.84(b) as it pertains to Section 
316(b) of the Clean Water Act. Therefore, an additional permitting process will be performed 
in coordination with the US Environmental Protection Agency (EPA) prior to construction of a 
CWIS that will further evaluate the potential impacts from entrainment and impingement. 
Intake screen designs can be modified to reduce intake velocities, so it is expected that 
impingement will not be a significant impact for most species. 

Jetting equipment may be used to install export, inter-array, and inter-link cables during the 
construction period and could withdraw up to 0.71 million gallons (2.7 million liters) per hour 
when in use. However, due to the relatively short period of use, the total volume of entrained 
water from jetting equipment is expected to be at least two orders of magnitude less than the 
volume entrained over the life of the CWIS. In addition, modeling at nearby South Fork Wind 
  

 

4  This analysis assumes an open-loop CWIS is required; however, the HVDC ESP(s) could potentially 
use closed-loop water cooling (where no water is withdrawn from or discharged to the sea) if such 
technology becomes technically and commercially feasible. Although this technology is not 
currently available in the offshore wind market, the Proponent is aware of a number of firms that are 
working to develop and test closed loop cooling systems for use in offshore wind HVDC ESPs. 
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(2019) and Cape Wind (MMS 2008) found entrainment impacts from jet plow cable installation 
to be small relative to total zooplankton abundance. Vessel CWIS volumes are also expected 
to be minimal relative to HVDC CWIS volumes. 

To estimate the impacts of entrainment from an HVDC CWIS, an assessment using anticipated 
flow rates and local zooplankton data was completed as described in (Appendix II-N). Model 
results provided estimates of the composition and magnitude of intake mortality for 
ichthyoplankton and total other zooplankton. Additionally, equivalent losses of age one fish 
were calculated for some species. Based on seasonal mean densities and entrained water 
volumes, annual estimated ichthyoplankton losses from CWIS entrainment are expected to 
range from 0 to 10.2 million fish larvae depending on the species. Annual estimated 
zooplankton losses are expected to be 13.5 billion individuals. When considering the high 
mortality rates for fish early life stages, the number of equivalent age one fishes lost to 
entrainment are expected to be typically less than 10,000 individuals per species annually, 
which is a fraction of a percent of annual commercial landings for most species. Based on the 
magnitudes of the results, ecological and socioeconomic effects from entrainment on EFH 
resources by the HVDC CWIS will likely be undetectable. 

4.4 Electromagnetic Fields 

Electromagnetic fields (EMFs) would be produced by energized export, inter-array, and inter-
link cables during operation. EMFs consist of two components: electric fields and magnetic 
fields (MFs). The characteristics of the EMF can vary greatly depending on the energy flow of 
electricity and the type of current: HVAC vs. HVDC (Tricas 2012). Due to cable configuration 
and shielding, electric fields are not expected in the marine environment from Vineyard 
Northeast cables. Therefore, the following discussion describes EMF generally and then 
focuses on MFs when discussing the potential effects from Vineyard Northeast. As described 
further in Sections 3.5 and 3.6 of COP Volume I, export cables in the Connecticut OECC will 
use HVDC transmission technology and export cables in the Massachusetts OECC may use 
HVDC or HVAC transmission technology, although HVDC is more likely. Inter-array cables are 
expected to be HVAC cables but could also be HVDC cables; inter-link cables are expected to 
be the same cable type as the offshore export cables or the inter-array cables. 

Effects on finfish and invertebrates from EMF are not fully understood but can include 
disorientation and other behavioral responses (e.g., avoidance, changes in prey detection or 
feeding activity) (Riefolo et al. 2016). Severity of impacts from EMF during operation would vary 
based on the strength of the EMF and the electromagnetic sensitivity of organisms. Of species 
potentially present in the Offshore Development Area, electromagnetic sensitivity has been 
primarily documented in elasmobranchs (sharks, skates, and rays), as well as some teleost fish 
species (ray-finned fishes), and invertebrates such as cancer crabs. The effects of EMF would 
be localized because EMFs produced by cables decrease with distance. In addition, at the 



Vineyard Northeast Essential Fish Habitat Assessment 4-11 

target burial depth for the cables (1.5–2.5 m [5–8 ft] beneath stable seafloor),5 EMFs at the 
seabed would be expected to be weak and likely only detectable by demersal species 
(Normandeau et al. 2011). In areas where seafloor type potentially prohibits cable burial, cable 
protection would serve as a similar although thinner barrier to exposure.  

A white paper review study funded by BOEM determined that HVAC EMFs produced by power 
transmission cables would result in negligible, if any, effects on bottom-dwelling commercial 
and recreational fish species and no negative effects on pelagic commercial and recreational 
fish species in southern New England (Snyder et al. 2019). Other reviews have concluded that 
effects of HVDC and HVAC EMFs on invertebrates can be measurable but generally not at the 
EMF strengths of offshore wind projects (Albert et al. 2020; Gill and Desender 2020). For 
example, there is some evidence of attraction to HVDC EMF for a species of Cancer crab at an 
EMF strength hundreds of times greater than expected based on modeling for Vineyard 
Northeast (Scott et al. 2021; Appendix II-O). Similarly, although there were changes in the 
behavior of little skate, an elasmobranch, and American lobster in the presence of energized 
HVDC cables, EMFs from cables did not act as a barrier to movement in any way (Hutchison et 
al. 2018, 2020). Other research investigating habitat use around energized cables found no 
evidence that fishes or invertebrates were attracted to or repelled by EMFs emitted by HVAC 
cables (Love et al. 2017). 

For HVDC cables, other manmade sources of perturbations to Earth's steady DC geomagnetic 
field in coastal environments include shore-based structures such as docks, jetties, and 
bridges; sunken ships; pipelines; and ferromagnetic mineral deposits (Normandeau et al. 
2011; CSA Ocean Sciences Inc. and Exponent 2019). Additionally, Normandeau et al. (2011) 
reported that MF impacts nearby to these sources can be on the order of tens of milliGauss 
(mG), while CSA Ocean Sciences Inc. and Exponent (2019) observed that undersea sources of 
DC MFs including steel ships and bridges can create DC MFs up to 100 times greater than MFs 
from DC submarine cables. 

For HVAC cables, a seven-year study reported the first findings in the US of the response of 
demersal fish and invertebrates to construction and operation of an offshore wind project 
(Wilber et al. 2022). This study reported findings for analyses of catch data from monthly 
demersal trawl surveys conducted by local fisherman and scientists during construction and 
operation of the Block Island Wind Farm. This study did not report findings supporting harmful 
impacts of EMF from the project 60-hertz (Hz) alternating current (AC) submarine export cables 
or other offshore electrical infrastructure on local demersal fish and invertebrates, and instead 
reported evidence of increased populations of several fish species near the wind farm during 
the operation time period relative to the reference areas.  

 

5  Unless the final CBRA indicates that a greater burial depth is necessary and taking into consideration 
technical feasibility factors, including thermal conductivity. 
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To assess the potential effects of Vineyard Northeast, modeling of MFs from HVDC and HVAC 
cables was completed as described in (Appendix II-O).6 Model results provided estimates of 
the magnitude and extent of MFs from a range of loads during operation and for cables that 
are either buried at a depth of 1.5 m (5 ft) or surface-laid. Surface laid cables are assumed to 
have 0.5 m (1.6 ft) thick cable protection covering. Modeling demonstrated that MFs at the 
seafloor from the buried cables decline with distance, with a maximum MF directly above the 
centerline that decreases rapidly with distance (Table 4.4-1 and Table 4.4-2; Appendix II-O). 
Tables 4.4-1 and 4.4-2 show the rapid drop-off in MF levels with increased lateral distance from 
the HVAC cables or HVDC cable bundles for each of the modeling scenarios. More specifically, 
the analysis shows >95 to >99% reductions in MF levels at lateral distances of ±25 ft (±7.6 m) 
from the from the centerlines of HVAC cables or HVDC cable bundles; and at lateral distances 
of ±25 ft (±7.6 m), there is a negligible difference in MF levels for the buried versus the surface-
laid cables. Based on the results, MFs are likely only able to be sensed, if at all, directly over 
the buried cable centerline. Therefore, any effects from EMF on the suitability of EFH are 
expected to be localized with only behavioral impacts, if any at all, for most finfish and 
invertebrate species. 

Table 4.4-1  Summary of Modeled Magnetic Fields for HVDC Offshore Export Cables, as 
Deviations from Earth's Steady DC Magnetic Field 

Cable Voltage 
Installation 
Scenario2 

DC Magnetic Field Deviation1,3 (mG)  

Maximum 

(above 
cables) 

± 10 ft ± 25 ft ± 50 ft 

±320 kV 
Buried -268 to 271 -49.9 to 51.8 -11.5 to 11.5 -2.9 to 2.9 

Surface-laid -266 to 2,039 -72.4 to 72.5 -11.5 to 11.5 -2.8 to 2.8 

±525 kV 
Buried -296 to 300 -55.4 to 57.8 -12.9 to 12.9 -3.3 to 3.3 

Surface-laid -268 to 2,207 -81.0 to 81.2 -12.9 to 12.9 -3.2 to 3.2 
Notes: 
1. Magnetic fields are presented as the deviation from the Earth's steady DC magnetic field of 508 mG and 

are maximum positive and negative deviations across modeling cases that include two representative 
cable orientations (north‐south and east‐west) and both possible current flow direction scenarios for each 
representative cable orientation. Negative values are the maximum reductions below the Earth's steady 
DC magnetic field of 508 m mG. 

2. Magnetic fields at the seabed are reported for buried cables. Surface‐laid cables are assumed to have 0.5‐
m (1.6‐ft) thick cable protection covering. For these scenarios, magnetic fields are reported at the top of 
the cable protection, specifically at 0.65 m (2.14 ft) for the ±320‐kV cables, and 0.67 m (2.20 ft) for the ±525‐
kV cables. 

3. Horizontal distance is measured from the center of the cable bundle. 

 

 

6  Modeling was focused on export cables because inter-array cables are expected to have lower 
currents and MFs. Inter-link cables are expected to have similar or lower MFs. 
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Table 4.4-2  Summary of Modeled Magnetic Fields for HVAC Offshore Export Cables 

Cable Voltage 
Installation 
Scenario1 

AC Magnetic Field2 (mG)  

Maximum ± 10 ft ± 25 ft ± 50 ft 

230 kV, 3-

phase 

Buried 191 43.6 9 2.8 

Surface-laid 1,243 54 9.3 2.8 

345 kV, 3-

phase 

Buried 214 49.6 10.2 3.1 

Surface-laid 1,354 61.6 10.7 3.2 
Notes: 
1. Magnetic fields at the seabed are reported for buried cables. Surface‐laid cables are assumed to have 0.5‐

m (1.6‐ft) thick cable protection covering. For these scenarios, magnetic fields are reported on top of the 
cable protection, specifically at 0.79 m (2.58 ft) for 220‐kV cables, and 0.82 m (2.68 ft) for 345‐kV cables. 

2. Horizontal distance is measured from the center of the cable bundle. 
The offshore export cable MF modeling assumes straight‐laid phase‐conductor cable cores, as opposed 
to the actual helical or "twisted" phase‐conductor cores. A helical design achieves a considerable degree 
of magnetic field cancellation, hence the modeled MF levels are expected to be overestimates of actual 
MF levels. 

4.5 Noise 

Temporary to long-term increases in noise may occur in the Lease Area and OECCs from the 
installation, operation, maintenance, and decommissioning of export cables, inter-array 
cables, inter-link cables, foundations. The intensity and duration of noises is expected to vary 
based on activity. Temporary construction noise is expected to be include both repetitive, 
high-intensity (impulsive) sounds produced by pile driving, and continuous (non-impulsive), 
lower-frequency sounds produced by vessel propulsion, drilling, vibratory installation of 
monopiles, and cable pre-installation/installation activities. Noise will also be produced during 
unexploded ordinance (UXO) detonation (if UXO detonation is needed). Long-term 
operational noise is expected to be continuous (non-impulsive) noise from WTGs and vessel 
traffic. Additional continuous noise may also be produced temporarily during cable 
maintenance or aircraft activities.  

Effects of Sound on Finfish and Invertebrates 

Direct effects on EFH from noise can include decreased suitability in the form of behavioral 
changes, stress responses, injury, and mortality of finfish and invertebrates. Severity of impacts 
from noise during construction, maintenance activities, or decommissioning would vary based 
on the duration and intensity of sound and biology (e.g., auditory system and swim bladder 
presence) of the fish. Impulsive sounds can lead to mortality, ruptured gas bladders and 
damage to surrounding organs, damage to auditory processes, and altered behavior in some 
fish species (Popper and Hastings 2009; Casper et al. 2012; Riefolo et al. 2016). Continuous 
noise typically has lower sound pressure levels but can result in avoidance behavior that 
interferes with feeding and breeding, alter schooling behaviors and migration patterns, and 
can mask important environmental auditory cues (CBD 2012; Barber 2017). In general, the 
presence of a swim bladder makes a fish more susceptible to injury from sounds because loud, 
usually impulsive, noises (i.e., impact pile driving, explosions) can cause swim bladders to 
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vibrate with enough force to inflict damage to tissues and organs around the bladder 
(Halvorsen et al. 2011; Casper et al. 2012). Risk of injury occurs at the lowest noise levels in 
fishes with swim bladders connected to the inner ear, such as Atlantic herring and Atlantic cod. 
In addition, species that exhibit spawning site fidelity, such as Atlantic cod (Zemeckis et al. 
2014), may experience a disruption in communication and reproductive behavior if spawning 
occurs within the noise-affected area. The least sound sensitive fish species, which do not have 
a swim bladder, include both flatfishes and elasmobranchs (Thomsen et al. 2006; Popper et al. 
2014). Noise could also affect the functionality and sensitivity of the sensory systems of marine 
invertebrates, but most studies on these effects have been performed ex situ, making it difficult 
to control and assess the acoustic conditions and typically only measure and report on the 
pressure component of sound. Additionally, most crustacean species lack swim bladders and 
are considered less sensitive to sound, however, understanding of the impact of sound and 
vibration on invertebrates is limited by a dearth of data (Edmonds et al. 2016).  

Popper et al. (2014) determined injury and mortality thresholds for three groups of fishes from 
impact pile driving (see Table 4.5-1 for values). The three groups include fishes with swim 
bladders whose hearing does not involve the swim bladder or other gas volumes (e.g., tuna 
[Thunnus sp.] or Atlantic salmon); fishes whose hearing does involve a swim bladder or other 
gas volume (e.g., Atlantic cod or Atlantic herring); and fishes without a swim bladder (e.g., 
sharks) that can sink and settle on the substrate when inactive (Popper et al. 2014; Carroll et al. 
2017). NMFS published "interim guidance" thresholds for peak onset of injury or behavior 
regardless of source type, fish size, or hearing type, and a cumulative Sound Exposure Level 
(SEL) onset of injury or mortality for fish less than and greater than two grams (0.07 ounces) 
(Oestman et al. 2009) (Table 4.5-1 and Table 4.5-2).  
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Table 4.5-1  Acoustic Thresholds Used to Evaluate Impacts to Fish Exposed to Impact 
Pile Driving Sound  

Faunal Group 

Impairment 

Behavior 
Recoverable 

Injury 

Temporary 
Threshold 

Shift 
Masking 

LPK LE,24hr LE,24hr  

Fishes without swim 

bladder 
>213 >216 >>186 

(N) Moderate 

(I) Low 

(F) Low 

(N) High 

(I) Moderate 

(F) Low 

Fishes with swim bladder 

not involved in hearing 
>207 203 >186 

(N) Moderate 

(I) Low 

(F) Low 

(N) High 

(I) Moderate 

(F) Low 

Fishes with swim bladder 

involved in hearing 
>207 203 186 

(N) High 

(I) High 

(F) Moderate 

(N) High 

(I) High 

(F) Moderate 
Notes:  
1. Adapted from ANSI-accredited Popper et al. 2014; all thresholds are unweighted. Recoverable injury 

thresholds were modeled for this study. 
2. LPK = peak sound pressure (dB re 1 µPa); LE,24hr = 24 hr cumulative sound exposure level (dB re 1 µPa2∙s). 
3. N = near (tens of meters), I = intermediate (hundreds of meters), and F = far (thousands of meters). 
4. >> = much greater than 

 
 

Table 4.5-2  General Interim Acoustic Thresholds for Fish Currently Used or 
Recommended by NMFS and BOEM for Impact Pile Driving 

Fish Group 
Injury1,2 Behavior3 

LPK LE,24hr Lp 

Fish ≥2 g 
206 4,5

 
187 4,5

 
150

 5
 

Fish <2 g 1834,5 

Fish without swim bladder6 213 216 - 

Fish with swim bladder not involved 

in hearing6 
207 210 - 

Fish with swim bladder involved in 

hearing6 
207 207 - 

Notes: 
1. All thresholds are unweighted.  
2. LPK = peak sound pressure (dB re 1 µPa); LE,24hr = 24 hr cumulative sound exposure level (dB re 1 µPa2∙s). 
3. Lp = root mean square sound pressure (dB re 1 µPa). 
4. NMFS recommended criteria adopted from the Fisheries Hydroacoustic Working Group (Oestman et al. 

2009). 
5. References in the NMFS Greater Atlantic Regional Fisheries Office (NMFS GARFO 2016) tool: Andersson et 

al. (2007), Mueller-Blenkle et al. (2010), Purser and Radford (2011), Wysocki et al. (2007). 
6. Popper et al. 2014. 
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Foundation Installation 

Foundation installation is expected to require impact pile driving and may also require the use 
of a vibratory hammer and/or drilling. Potential effects from each of these activities are 
described below. Results of the modeling for foundation installation activities, provided in 
Appendix II-E, were used to calculate modeled distances to potential fish injury and behavioral 
thresholds. 

Impact Pile Driving  

Impact pile driving would result in temporary, transient, repetitive, and discontinuous high 
intensity impulsive noise during construction. Field measurements of pile driving show that 
source, or near-source, levels are typically in the range of 210 to 250 dB re 1 µPa (McHugh 
2005; Tougaard et al. 2009a; Bailey et al. 2010) and frequency is predominantly <1 kilohertz 
(kHz) (Robinson et al. 2007; Tougaard et al. 2009b), although they can extend to much higher 
frequencies (MacGillivray 2018), including at least 100 kHz (Tougaard et al. 2009b).  

Sound thresholds derived from Popper et al. (2014) indicate that pile driving sound above 207 
dB peak can lead to mortality of the most sensitive fish species, such as Atlantic herring, while 
noise above 186 dB can lead to impairment. Longfin squid, an invertebrate, had no physical 
harm but exhibited a startle response to recorded pile driving sound played at 190–194 dB but 
habituated quickly and startle responses typically diminished within the first eight strikes, but 
the response returned when the squid were tested again 24 hours later (Jones et al. 2020). In 
their more recent study, when playing pile driving noise to mating squid, Jones et al. (2023) 
found no significant effects on the occurrence rates of agnostic behaviors, mate guarding, 
mating and egg laying, when compared to silent control trials. From this study, Jones et al. 
(2023) conclude that while there can be some disturbance to some non-reproductive 
behaviors, the results of their study show that species with limited opportunity to reproduce 
can tolerate intense stressors to secure reproductive success. The effects of impulsive sound 
on fish eggs and larvae have also been studied in the context of offshore pile driving. Common 
sole (Solea solea) larvae exposed to impulsive stimuli up to a SEL of 206 dB re 1 µPa2·s 
(corresponding to 100 strikes at a distance of 100 m [328 ft]) had no statistically significant 
differences in mortality (Bolle et al. 2012). Published exposure guidelines for fish eggs and 
larvae based on pile driving data proposed a precautionary threshold for mortality of fish eggs 
and larvae of greater than 207 dB re 1 μPa PK, which was noted by the publisher to likely be 
conservative (Popper et al. 2014).  

There are no studies available on the potential effects of pile driving sounds on plankton and 
no established acoustic thresholds for plankton. Although use of air guns is not a proposed 
action, they provide insight on potential effects from impulsive sound. The results from air gun 
studies on plankton are mixed, varying from no significant effects on mortality (Parry et al. 2002) 
to a maximum horizontal effect-range of 1.2 km (0.65 nautical mile [NM]) in which decreases in 
zooplankton abundance with mortality in adult and larval zooplankton increased two- to three-
fold when compared to controls (McCauley et al. 2017). The Commonwealth Scientific and 
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Industrial Research Organization (CSIRO) (Richardson et al. 2017) simulated the large-scale 
impact of a seismic survey on zooplankton on the Northwest Shelf of Western Australia using 
the mortality rate found by McCauley et al. (2017). The major findings of the CSIRO study were 
that seismic activity had substantial impacts on zooplankton populations on a local scale within 
or close to the survey area; however, on a regional scale, the impacts were minimal and not 
discernible over the entire Northwest Shelf Bioregion. The study found that the zooplankton 
biomass recovered to pre-seismic levels inside the survey area, and within 15 km (8 NM) of the 
area, within three days following the completion of the survey. This relatively quick recovery 
was due to the fast growth rates of zooplankton as well as the dispersal and mixing of 
zooplankton from both inside and outside of the impacted region (Richardson et al. 2017). 
Another study found that the potential effects of seismic pulses of 221 dB re 1 µPa2·s to 
zooplankton are limited to within approximately 10 m (33 ft) from the seismic source with 
immediate mortality rates of up to 30% of copepods when compared to controls (Fields et al. 
2019). 

There has also been a suite of studies examining potential impacts from air guns on a variety 
of invertebrate life stages. New Zealand scallop (Pecten novaezelandiae) larvae exposed to 
extended periods of air gun signals during their ontogeny had increases in abnormality and 
mortality rates (Aguilar de Soto et al. 2013). Blue mussel clearance (i.e., filtration rate) increased 
with pile driving noise, likely in response to increased metabolic demands triggered by stress 
(Spiga et al. 2016). High-intensity, low-frequency sound exposure to crustaceans and mollusks 
do not appear to result in immediate mass mortality events (Carroll et al. 2017; Edmonds et al. 
2016; Day et al. 2016) but may have longer-term effects (Day et al. 2016). Specifically, tail 
tonicity (i.e., extension) and righting behavior, reflexes used in lobster fishery industries in 
grading animals for their likelihood of survival, were assessed in southern rock lobster (Jasus 
edwardsii) and significant responses to righting responses were observed after exposure to air 
gun sounds. André et al. (2011) and Solé et al. (2013) provide evidence of acoustic trauma in 
four cephalopod species—common cuttlefish (Sepia officinalis), common octopus (Octopus 
vulgaris), European squid (Loligo vulgaris), and southern shortfin squid (Illex condietii)—which 
they exposed (underwater) for two hours to low-frequency sweeps between 50–400 Hz (1 
second duration) generated by an in-air speaker. The measured level at the animals’ position 
was 157 dB re 1 μPa with peak levels (unspecified) up to 175 dB re 1 μPa. Both studies reported 
permanent and substantial morphological and structural alterations of the sensory hair cells of 
the statocysts following noise exposure, with no indication of recovery. In a more recent 
experiment, Solé et al. (2017) exposed common cuttlefish to tonal sweeps between 100–400 
Hz in a controlled exposure experiment in open water. Their results showed a clear statistical 
relationship between the cellular damage detected in the sensory cells of the individuals 
exposed to the sound sweeps and their distance from the sound source. The maximal particle 
motion level was 0.7 ms-2 (2.3 ft-2) observed at 1 m (3.3 ft) depth, the pressure reached levels 
of 139–142 dB re 1 µPa2. The reported sound pressure levels were only slightly higher than the 
hearing threshold determined for longfin squid measured by Mooney et al. (2010). The  
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maximum particle motion (reported in terms of particle acceleration) reported by Solé et al. 
(2017) is in the same order of magnitude as the behaviorally thresholds measured at 100 Hz 
by Packard et al. (1990) using a standing wave acoustic tube. 

In general, the impacts from pile driving will depend on an individual’s proximity to the source, 
intensity of noise, and sensitivity to sound. However, Vineyard Northeast plans to implement 
mitigation actions including a soft-start procedure to the pile driving process, which delivers 
initial pile drives at a lower intensity, allowing mobile species to move out of the activity area 
before the full-power pile driving begins. In addition, the Proponent will use a noise abatement 
system (NAS) to reduce sound levels by a target of approximately 10 dB and adhere to an 
anticipated time of year restriction on pile driving between January 1 and April 30 to protect 
North Atlantic right whales (see Section 4.7 of COP Volume II), which may also confer 
protection to fish that occur within the Offshore Development Area during that timeframe. In 
addition, while there have been no recorded catches of Atlantic sturgeon within the Lease Area 
by commercial fisheries in the analyzed period between 1989 and 2000, for commercial data 
or by research surveys up through 2007 (Stein et al. 2004; Dunton et al. 2010), this species is 
known to move offshore into water depths of 20–50 m (66–164 ft) during the winter and early 
spring (December to March); therefore, the anticipated time of year restriction may also benefit 
Atlantic sturgeon in the unlikely event that any are present within the Lease Area during the 
winter and early spring months. 

To assess the impacts of noise during construction, acoustic modeling of pile driving (see 
Appendix II-E) was completed assuming broadband noise attenuation levels of 10, 12, and 15 
dB in relation to thresholds of mortality and recoverable injury for fishes with different hearing 
structures (based on thresholds in Popper et al. 2014). Model results provided estimates of the 
magnitude and extent of noise from a range of noise attenuation levels during construction. 
The severity and duration of the impacts from the acoustic modelling were characterized for 
each component based on existing studies and literature. The characteristics and potential 
effects of noise from other offshore components were assessed based on existing studies and 
literature. Impacts to marine species were conservatively assessed based on 10 dB of noise 
attenuation. Sound with peak sound pressure (dB re 1 µPa) up to 200 dB was predicted to 
occur for typical piles. Applying the thresholds for potential injury for fish (Oestman et al. 2009) 
with 10 dB attenuation levels, Tables 4.5-3 and 4.5-4 show the maximum radial distance to PK 
sound levels associated with 4.25 m jacket foundation piles and 14 m monopile foundation 
piles. Radial distances from the piling source to regulatory-defined thresholds for SEL are also 
shown in Tables 4.5-3 and 4.5-4. These estimates do not consider animals avoiding loud 
sounds (aversion) or implementation of mitigation measures other than sound attenuation 
using a noise abatement system. Popper et al. (2014) does not define quantitative acoustic 
thresholds for behavioral response in fish. NMFS GARFO (2016) uses a 150 dB sound pressure 
levels (SPL) behavioral threshold for all fish. The maximum range to the threshold defining 
potential injury across all foundation types is 40 km (22 NM) with 10 dB attenuation level (for 
fish of less than 2 g in winter and considering the post-piling installation of 8 pin-piles of 4.25 
m [14 ft] diameter). NMFS GARFO (2016) defines a broad behavioral criterion for all fish, which 
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corresponds to a maximum range to threshold of 15.74 km (8.5 NM), considering the 
installation of 14 m monopiles at an approximate impact pile driving energy of 6,600 kJ. 
However, impairment from pile driving noise is less likely to occur during construction because 
a soft-start technique will be employed, and mobile fishes and invertebrates will be able to 
leave the area before full strength pile driving occurs.  

Table 4.5-3 Summary Acoustic Model Radial Distances (in m) for Post-Piled Jacket Pin 
Piles to Thresholds Used to Evaluate Potential Impacts to Fish from Impact 
Pile Driving Sound 

Faunal group Metric Threshold 
Attenuation level (dB) 

0 10 12 15 

Fish without swim bladder 
LPK >213 146 20 - - 

LE >216 3,624 1,018 730 462 

Fish with swim bladder not 

involved in hearing 

LPK >207 356 100 63 28 

LE 203 12,516 4,875 4,012 2,823 

Fish with swim bladder 

involved in hearing 

LPK >207 356 100 63 28 

LE 203 12,516 4,875 4,012 2,823 

Fish ≥2 g 
LPK 206 484 108 89 45 

LE 187 84,740 23,231 18,218 13,739 

Fish <2 g 
LPK 206 484 108 89 45 

LE 183 85,311 39,560 29,395 20,584 

All fish  

(behavioral disturbance) 
Lp 150 80,699 16,864 13,727 9,824 

Notes: 
1. Radial distances (R95%) for auditory injury threshold for fish exposed to impulsive sound are in meters. 
2. Numbers represent the maximum radial distance estimated at each of the two modeling sites across 

summer/winter seasons and all piling energy levels, for varying levels of attenuation.  
3. LPK = peak sound pressure (dB re 1 µPa). 
4. LE,24hr = 24 hr cumulative sound exposure level (dB re 1 µPa2∙s).  
5. Lp = root mean square sound pressure (dB re 1 µPa). 

Table 4.5-4 Summary Acoustic Model Radial Distances (in m) for WTG Monopiles to 
Thresholds Used to Evaluate Potential Impacts to Fish from Impact Pile 
Driving Sound 

Faunal group Metric Threshold 
Attenuation level (dB) 

0 10 12 15 

Fish without swim bladder 
LPK >213 179 28  - - 

LE >216 1,875 412 313 172 

Fish with swim bladder not 

involved in hearing 

LPK >207 539 108 89 28 

LE 203 6,463 2,666 2,140 1,474 

Fish with swim bladder 
involved in hearing 

LPK >207 539 108 89 28 

LE 203 6,463 2,666 2,140 1,474 
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Table 4.5-4 Summary Acoustic Model Radial Distances (in m) for WTG Monopiles to 
Thresholds Used to Evaluate Potential Impacts to Fish from Impact Pile 
Driving Sound (Continued) 

Faunal group Metric Threshold 
Attenuation level (dB) 

0 10 12 15 

Fish ≥2 g 
LPK 206 573 128 100 60 

LE 187 21,386 9,957 8,668 6,964 

Fish <2 g 
LPK 206 573 128 100 60 

LE 183 30,250 13,468 11,727 9,218 

All fish 

(behavioral disturbance) 
Lp 150 41,176   15,740   13,604   1,086 

Notes: 
1. Radial distances (R95%) for auditory injury threshold for fish exposed to impulsive sound are in meters. 
2. Numbers represent the maximum radial distance estimated at each of the two modeling sites across 

summer/winter seasons and all piling energy levels, for varying levels of attenuation.   
3. LPK = peak sound pressure (dB re 1 µPa). 
4. LE,24hr = 24 hr cumulative sound exposure level (dB re 1 µPa2∙s). 
5. Lp = root mean square sound pressure (dB re 1 µPa). 

Vibratory Pile Setting  

A vibratory hammer could be used to install the monopile through surficial sediments in a 
controlled fashion to avoid the potential for a “pile run,” where the pile could drop quickly 
through the looser surficial sediments and destabilize the installation vessel, risking the 
integrity of the vessel and safety of the crew. Once the pile has penetrated the surficial 
sediments with the vibratory hammer, an impact hammer would be used for the remainder of 
the installation. During vibratory pile driving, piles are driven into the substrate due to 
longitudinal vibration motion at the hammer’s operational frequency and corresponding 
amplitude. This causes the soil to liquefy, allowing the pile to penetrate into the seabed. 
Sounds generated by vibratory pile setting are non-impulsive, which are known to be less 
damaging than impulsive sounds to marine fauna (Tsouvalas et al. 2016; Zykov et al. 2016; 
Molnar et al. 2020).   

There are few data on the effects of vibratory pile driving on fish. Further, generalizations can 
be difficult because sound affects species differently, particularly with regards to the presence 
or absence of a swim bladder and its proximity to the ear. Nedwell et al. (2003) detected no 
changes in activity level or startle response in brown trout, a species without specialized 
hearing structures, when exposed to vibratory piling at close ranges (<50 m [164 ft]). There are 
no direct data available on the behavioral response to continuous noise in fish species with 
more specialized hearing. The masking of communicative signals, as well as signals produced 
by predators and prey, may be the most likely behavioral impact to fish (Popper and Hawkins 
2019). However, the effect is expected to be short term (Popper et al. 2014). Additionally, high 
risks of any behavioral impacts from continuous sound sources (e.g., vibratory pile driving) are 
likely to only occur at close range to the source (Popper et al. 2014).  
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There are no data linking continuous noise to mortality or permanent injury in fish (Popper et 
al. 2014). Continuous noise has been linked to temporary threshold shift (TTS) in some fish 
species; however, exposure times to these sounds were at least 12 hours (Amoser and Ladich 
2003; Smith et al. 2006).   

There is a lack of data involving the effects of vibratory pile installations on invertebrates. 
Among marine invertebrates, some can detect particle motion and are sensitive to noise 
(Popper et al. 2014; André et al. 2016; Jézéquel et al. 2023). Invertebrates generally do not 
possess air-filled spaces like lungs, middle ears, or swim bladders; thus, they have been 
considered less susceptible than fish to noise and vibration. Invertebrates display measurable 
behavioral responses to noise, such as interruptions to feeding and resource gathering, startle 
responses, and escape behaviors (Mooney et al. 2010; Roberts et al. 2015).   

To assess the impacts of underwater sound to fish, vibratory pile setting followed by impact 
pile driving scenarios were modeled (see Appendix II-E) with 10, 12, and 15 dB attenuation 
levels. Tables 4.5-5 and 4.5-6 show the maximum radial distance to PK and SEL associated with 
4.25 m jacket foundation piles and 14 m monopile foundation piles, respectively.  

Table 4.5-5 Summary Acoustic Model Radial Distances (in m) for 14 m WTG Monopiles 
to Thresholds Used to Evaluate Potential Impacts to Fish from Vibratory Pile 
Setting Followed by Impact Pile Driving Sound 

Faunal group Metric Threshold 
Attenuation level (dB) 

0 10 12 15 
Fish without swim 

bladder 
LPK >213 179 28 0 0 
LE >216 1,984 467 328 184 

Fish with swim bladder 
not involved in hearing 

LPK >207 539 108 89 28 
LE 203 6,671 2,774 2,259 1,565 

Fish with swim bladder 
involved in hearing 

LPK >207 539 108 89 28 
LE 203 6,671 2,774 2,259 1,565 

Fish ≥2 g 
LPK 206 573 128 100 60 
LE 187 22,211 10,372 8,915 7,223 

Fish <2 g 
LPK 206 573 128 100 60 
LE 183 31,492 13,888 12,095 9,491 

All fish 

(behavioral disturbance) 
Lp 150 41,176 15,740 13,604 10,860 

Notes: 
1. Radial distances (R95%) for auditory injury threshold for fish exposed to impulsive sound are in meters. 
2. Numbers represent the maximum radial distance estimated at each of the two modeling sites across 

summer/winter seasons and all piling energy levels, for varying levels of attenuation.   
3. LPK = peak sound pressure (dB re 1 µPa). 
4. LE,24hr = 24 hr cumulative sound exposure level (dB re 1 µPa2∙s). 
5. Lp = root mean square sound pressure (dB re 1 µPa). 
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Table 4.5-6 Summary Acoustic Model Radial Distances (in m) for 4.25 m Jacket Pin Piles 
to Thresholds Used to Evaluate Potential Impacts to Fish from Vibratory Pile 
Setting Followed by Impact Pile Driving Sound 

Faunal group Metric Threshold 
Attenuation Level (dB) 

0 10 12 15 

Fish without swim bladder 
LPK >213 130 0 0 0 
LE >216 3,680 1,040 740 470 

Fish with swim bladder not 
involved in hearing 

LPK >207 290 60 50 0 

LE 203 12,660 4,940 4,070 2,860 
Fish with swim bladder involved 

in hearing 
LPK >207 290 60 50 0 
LE 203 12,660 4,940 4,070 2,860 

Fish ≥2 g 
LPK 206 330 90 60 20 
LE 187 84,750 23,470 18,380 13,890 

Fish <2 g 
LPK 206 330 90 60 20 
LE 183 85,310 40,030 29,700 20,830 

All fish 

(behavioral disturbance) 
Lp 150 

50,590 13,730 11,120 8,060 

Notes: 
1. Radial distances (R95%) for auditory injury threshold for fish exposed to impulsive sound are in meters. 
2. Numbers represent the maximum radial distance estimated at each of the two modeling sites across 

Summer/Winter seasons and all piling energy levels, for varying levels of attenuation.   
3. LPK = peak sound pressure (dB re 1 µPa). 
4. LE,24hr = 24 hr cumulative sound exposure level (dB re 1 µPa2∙s). 
5. Lp = root mean square sound pressure (dB re 1 µPa). 

Drilling 

During the construction phase of Vineyard Northeast, there may be instances when large sub-
surface boulders or hard sediment layers are encountered during pile driving, requiring 
drilling operations to pass through these barriers. Vineyard Northeast estimates that 
foundations could potentially require up to 6 hours of drilling per day in addition to pile driving 
operations for the installation of wind turbines. To assess the impacts of underwater sound 
produced by drilling activities, modeled distances to potential fish injury and behavioral 
thresholds were calculated. The maximum acoustic radial distances results are shown in Table 
4.5-7 with the full set of modeling results provided in Appendix I of Appendix II-E.  

During drilling activities, a drill head produces vibrations that propagate as sound through the 
sediment and water column (Hall and Francine 1991; Nguyen 1996; Willis et al. 2010). Most 
measurements of offshore drilling sounds have been made for oil exploration and production 
drilling. The sound levels associated with those drilling operations have been documented to 
be within the hearing range of fish injury and behavioral thresholds (Popper et al. 2014). 
Underwater sound emitted by project construction drilling activities is not expected to produce 
injury to marine fauna but is likely to be audible and could elicit temporary behavioral 
responses. 
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It is unclear whether the sound emitted by marine drilling activities is likely to impact the 
behavior of fish. McCauley (1998) determined that any effects to fish from sounds produced 
by marine drilling activity would likely be temporary behavioral changes within a few hundred 
meters of the source. For instance, measured source levels during drilling operations reached 
120 dB at 3–5 km, which may have caused fish avoidance (McCauley 1998). The available 
literature suggests that continuous sound produced by drilling operations may mask acoustic 
signals of fish that convey important environmental information (McCauley 1994; Popper et al. 
2014). Recordings of planktivorous fish choruses showed that the fish were still active during 
drilling operations off the coast of the Timor Sea; however, it is likely that partial masking of 
their calls would have occurred (McCauley 1998).  

There are no data to support a clear link between anthropogenic sound and permanent injury 
or mortality in fish, particularly with non-impulsive sound sources (Popper and Hawkins 2019). 
Continuous sound has been linked to TTS in some species of fish; however, exposure times to 
these sounds were at least 12 hours (Amoser and Ladich 2003; Smith et al. 2006). The sounds 
emitted by marine drilling operations for wind farm construction are expected to be short-term 
and intermittent. Acoustic masking to fish from drilling could occur during the short-term drill 
events. 

There are very few data on the effect of sound from drilling on marine invertebrates. Solé et al. 
(2022) reported a decreased survival rate in cephalopod (cuttlefish) larvae exposed to drilling 
sound levels (167 dB re 1 μPa2). Importantly, levels below 163 dB re 1 μPa2 did not elicit severe 
damage. Evidence from research on the levels of particle motion associated with behavioral 
responses in blue mussels indicates that the threshold of sensitivity in this species falls within 
vibration levels measured near blasting, pile driving, and impact drilling (Roberts et al. 2015). 
Studies have indicated reception of vibration in bivalves and an associated behavioral 
response, which included closing syphons and, in more active mollusks, moving away from the 
substrate (Mosher 1972; Ellers 1995; Kastelein 2008).  

Drilling activities produce non-impulsive sounds that may cause hearing damage or behavioral 
responses in marine mammals, sea turtles, and fish. Distances to potential injury and behavioral 
disruption of marine animals are computed here by propagating measured drilling source 
levels in the construction area and then comparing the resulting sound fields to regulatory 
thresholds. The modeled ensonified areas are combined with the planned drilling schedules 
and predicted species densities to estimate the number of marine mammals and sea turtles 
that will be exposed above thresholds for injury and behavioral response. 
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Table 4.5-7 Summary Acoustic Model Radial Distances (in m) to Thresholds Used to 
Evaluate Potential Impacts to Fish from Drilling  

Faunal group Metric Threshold 
Maximum Rmax 

(m) 

Fish without swim bladder LE >216 <20 m* 
Fish with swim bladder not involved in hearing LE 203 81 

Fish with swim bladder involved in hearing LE 203 81 
Fish ≥2 g LE 187 1,468 
Fish <2 g LE 183 2,476 

All fish 

(behavioral disturbance) 
Lp 150 455 

*<20 m refers to ranges that were below the modeling resolution. 

Unexploded Ordnances 

Acoustic modeling also assessed the effects of detonation of UXO and/or discarded military 
munitions (DMM). As described in Section 3.10.2 of COP Volume I, if potential UXO and/or 
DMM are discovered in the Lease Area or OECCs, the Proponent will prioritize avoidance of 
UXO/DMM wherever possible by micro-siting structures and cables around the object. Where 
avoidance is not possible (e.g., due to layout restrictions, presence of archaeological 
resources, etc.), UXO/DMM will be relocated or otherwise disposed of (e.g., via deflagration 
[burning without detonating], detonation, or dismantling the UXO/DMM to extract explosive 
components). The exact number and type of UXO/DMM that may be present, and which subset 
of those UXO/DMM cannot be avoided by micro-siting, are unknown at this time (further 
evaluation is ongoing). For the purposes of impact analyses, the Proponent conservatively 
assumes that up to two UXO in the Lease Area, four UXO in the Massachusetts OECC, and four 
UXO in the Connecticut OECC may need to be detonated in place (each detonation would 
occur on different days). The potential acoustic impacts of UXO/DMM detonation on finfish are 
further assessed in Appendix J of Appendix II-E. 

Underwater explosive detonations generate impulsive sound waves with high pressure levels 
that could cause disturbance and/or injury to marine fauna. An explosion produces hot gases 
that create a large oscillating sphere and a shock wave (Chapman 1985). The extreme increase 
in pressure followed by a decrease to below ambient pressure caused by an explosive shock 
wave can cause injury to soft tissues, membranes, and cavities filled with air (Keevin and 
Hempen 1997). However, these sound producing events produce a short signal duration, and 
the extent of impact will depend on the proximity of the receiver to the detonation. 

Injury to fish from exposures to explosion are called barotrauma injuries. Rapid changes in gas 
volume and rapid changes in the solubility of gas in the blood and tissues cause barotrauma 
injuries. When pressure increases, solubility increases and vice versa. Injury mechanisms  
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include bubble formation in fluids/tissues (i.e., decompression sickness), and rapidly 
expanding gas-filled bodies (i.e., swim bladder) that push against surrounding tissues, thereby 
damaging surrounding tissues (Carlson 2012; Halvorsen et al. 2012).  

Effects of detonation pressure exposures to fish have been assessed according to the Lpk limits 
for onset of mortality or injury leading to mortality due to explosives, as recommended by the 
American National Standards Institute (ANSI) expert working group (Popper et al. 2014).  

Currently, there is no available information describing the effect of sound on invertebrates 
related to UXO detonation. Particle motion changes may cause behavioral response, injury, 
mortality, sensory damage, and physiological changes (Fitzgibbon et al. 2017; McCauley et al. 
2017). Vibration caused by anthropogenic sound, such as UXO detonation, can propagate to 
the seabed (Roberts and Elliott 2017). Researchers have reported substrate-borne vibrations 
from anthropogenic sound can alter invertebrate behavior (Roberts et al. 2015, 2016). 

To assess the impacts of underwater sound during UXO detonation, acoustic modeling was 
completed for two charge sizes at six separate modeling sites with different depths (see 
Appendix J of Appendix II-E) assuming 10 dB broadband noise attenuation levels. Table 4.5-8 
shows the maximum acoustic radial distance to PK sound level thresholds for all fish. 

Table 4.5-8 Summary Acoustic Model Radial Distances (in m) to Thresholds Used to 
Evaluate Potential Impacts to Fish from Unexploded Ordnance (UXO)  

Faunal group Metric Threshold 

Attenuation 
level (dB) 

0 10 
All fishes LPK >229 852.1 292.2 

Notes: 
1. Radial distances (R95%) for auditory injury threshold for fish exposed to impulsive sound are in meters. 
2. Numbers represent the maximum radial distance estimated. 
3. LPK = peak sound pressure (dB re 1 µPa). 

 

Vessel Noise 

Vessel traffic associated with construction, operation, and decommissioning would result in 
temporary, transient, and continuous non-impulsive noise primarily originating from the vessel 
propulsion system. Sound emission from vessels, especially vessels using dynamic positioning, 
depends on vessel operational state and is strongly weather-dependent. Zykov et al. (2013) 
and McPherson et al. (2019) report a maximum broadband source level of 192 dB re 1 µPa for 
numerous vessels with varying propulsion power using dynamic positioning. Vessel noise can 
present a chronic impact for fish species (Popper 2003), whose communication is mainly based 
on low-frequency sound signals (Ladich and Myrberg 2006; Myrberg and Lugli 2006). 
Continuous noise greater than or equal to 158 dB root-mean-square (rms) for 12 hours can 
lead to behavioral disturbance, while noise above 170 dB rms for 48 hours can lead to injury 
(Popper et al. 2014; Hawkins and Popper 2017). Vessel noise can also cause avoidance 
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behavior that interferes with feeding and breeding, alter schooling behaviors and migration 
patterns, and mask important environmental auditory cues (Barber 2017; CBD 2012). Recent 
studies have shown that vessel noise can induce endocrine stress response (Wysocki et al. 
2006); diminish hearing ability; and mask intra-specific relevant signals in exposed fish species 
(Scholik and Yan 2002; Amoser et al. 2004; Vasconcelos et al. 2007; Codarin et al. 2009). 
Masking communication is of concern because although fishes are generally not loud (120 dB 
re 1 µPa [at 1 m (3.3 ft)], with the loudest on the order of 160 dB re 1 µPa), species make unique 
noises that allow for individual identification (Normandeau Associates 2012). In addition, vessel 
noise has the capacity to provoke short-term changes in the spatial position and group 
structure of pelagic fish in the water column (Buerkle 1973; Olsen et al. 1983; Schwarz and 
Greer 1984; Soria et al. 1996; Vabø et al. 2002; Handegard et al. 2003; Mitson and Knudsen 
2003; Ona et al. 2007; Sarà et al. 2007). Fish can respond to approaching vessels by diving 
towards the seafloor or by moving horizontally out of a vessel’s path (Ona et al. 2007; Berthe 
and Lecchini 2016). Nedelec et al. (2014) investigated the response of reef-associated fish by 
exposing them in their natural environment to playback of motorboat sounds. They found that 
juvenile fish increased hiding and ventilation rate after a short-term boat sound playback, but 
responses diminished after long-term playback, indicating habituation to sound exposure over 
longer durations. These results were corroborated by Holmes et al. (2017) who also observed 
short-term behavioral changes in juvenile reef fish after exposure to boat noise as well as 
desensitization over longer exposure periods. Therefore, areas of high vessel traffic may result 
in habituation by localized fishes. As stated in the BOEM Environmental Assessment and the 
Alternative Energy Programmatic Environmental Impact Statement that were prepared for the 
assessment and designation of wind energy areas by BOEM, regular vessel traffic occurs 
throughout this area; thus, implying that biological resources in the area are presumably 
habituated to this noise (BOEM 2007; BOEM 2014).  

Operational Sounds 

Operation of WTGs would result in variable, mostly continuous (i.e., during power generation) 
non-impulsive noise. Underwater noise level is related to WTG power and wind speed, with 
increased wind speeds creating increased underwater sound (Wahlberg and Westerberg 
2005). Operational noise from WTGs is low frequency (60–300 Hz) and at relatively low sound 
pressure levels near the foundation (100–151 dB re 1 µPa) and decreases to ambient within 1 
km (0.6 mi) (Tougaard et al. 2009a, 2009b; Lindeboom et al. 2011; Dow Piniak et al. 2012; HDR 
2019). 

At high wind speeds, Wahlberg and Westerberg (2005) estimated permanent avoidance by 
fish would only occur within a range of 4 m (13 ft) of a WTG. In a study on fish near the Svante 
wind farm in Sweden, Atlantic cod and roach (Rutilus rutilus) catch rates were significantly 
higher near WTGs when rotors were stopped, which could indicate fish attraction to WTG 
structures and avoidance to generated noise (Westerberg 2000 as cited in Thomsen et al. 
2006). Alternatively, no avoidance behavior was detected, and fish densities increased around 
WTG foundations of the Lillgrund offshore wind farm in Sweden (Bergström et al. 2013). In 
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addition, ambient noise can influence how fish detect other sounds and a change in 
background noise could alter how fish perceive and react to biological noise stimuli (Popper 
and Fay 1993). Ambient noise within the 70.8–224 Hz frequency band in the MA WEA and 
RI/MA WEA was measured to be between 96 dB and 103 dB 50% of the time with greater 
sound levels 10% of the time (Kraus et al. 2016). 

Underwater sound radiated from operating WTGs is low-frequency and low level (Nedwell and 
Edwards 2004). At distances of 14 to 20 m from operational WTGs in Europe, underwater 
sound pressure levels ranged from 109 dB to 127 dB re 1µPa (Tougaard et al. 2009a; b). 
Pangerc et al. (2016) recorded sound levels at ~50 m from two individual 3.6 megawatt (MW) 
WTGs monopile foundations over a 21-day operating period. Miller and Potty (2017) measured 
an SPL of 100 dB re 1 μPa within 50 m of five General Electric Haliade 150–6 MW wind turbines 
with a peak signal frequency of 72 Hz. At the Block Island Wind Farm off Rhode Island, sound 
levels were found to be 112–120 dB re 1 μPa near the WTG when wind speeds were 2–12 m/s 
and the WTG sound levels declined to ambient within 1 km from the WTG (Elliott et al. 2019). 
Tougaard et al. (2009a; b) found that sound level from three different WTG types in European 
waters was only measurable above ambient sound levels at frequencies below 500 Hz, and 
Thomsen et al. (2016) suggest that at approximately 500 m from operating WTGs, sound levels 
are expected to approach ambient levels.  

Two recent meta-papers (Tougaard et al. 2020; Stöber and Thomsen 2021) assessed WTG 
operational sounds by extracting sound levels measured at various distances from operating 
WTGs from currently available reports. Both studies found sounds to generally be higher for 
higher powered WTGs; thus, distances to a given sound threshold are likely to be greater for 
higher powered WTGs. However, as Stöber and Thomsen (2021) point out, direct drive 
technology could reduce these distances substantially. Importantly, no measurements exist for 
these larger turbine sizes and few measurements have been made for direct drive turbines so 
the uncertainty in these estimates is large. 

Overall, current literature indicates noise generated from the operation of wind farms is minor 
and does not cause injury or lead to permanent avoidance at distances greater than 1 km (0.6 
mi) (Wahlberg and Westerberg 2005; Stenberg et al. 2015), with potential to have minimal 
effects at much closer distances up to within a few meters of the WTG (Bergström et al. 2013) 
such as masking auditory sensitivity and communication of fishes within a few tens of meters of 
WTGs (Zhang et al. 2021). 

Subsea Cables 

Previous impact assessment studies for various cable projects have concluded that sound 
related to subsea cable installation or cable operation is not a significant issue (Austin et al. 
2005; Nedwell et al. 2003). This was based on the prediction that anticipated sound levels 
would not exceed existing ambient sound levels in the area, although background sound level 
measurements were often not presented (Meißner et al. 2006). Subsea cables are expected to 
produce low-frequency tonal vibration sound in the water, since Coulomb forces between the 



Vineyard Northeast Essential Fish Habitat Assessment 4-28 

conductors cause the HVAC lines to vibrate at twice the frequency of the current (direct current 
cables do not produce a similar tonal sound because the current is not alternating). Anticipated 
SPLs arising from the vibration of alternating current cables during operation are significantly 
lower than SPLs that may occur during cable installation (Meißner et al. 2006) and may be 
undetectable in the ambient soundscape of the Offshore Development Area, especially after 
consideration of the 1.5–2.5 m (5–8 ft) target burial depth beneath stable seafloor.7  

4.6 Summary of Avoidance, Minimization, and Mitigation Measures 

The Proponent’s proposed measures to avoid, minimize, and mitigate potential effects to EFH 
during Vineyard Northeast are summarized below:  

• Offshore export cable installation will avoid sensitive habitats including eelgrass beds 
and hard/complex bottom sediments, where feasible. 

• The Proponent will require the cable installation contractor to prioritize the least 
environmentally impactful cable installation alternative(s) that are practicable for each 
segment of cable. 

• For vessels other than cable laying vessels (which must maintain tension on anchor 
lines), where it is considered impossible or impracticable to avoid a sensitive seafloor 
habitat when anchoring, the use of mid-line anchor buoys will be considered (where 
feasible and considered safe) as a potential measure to reduce impacts from anchor 
line sweep.  

• At the landfall sites, HDD is expected to be used to avoid or minimize disturbance to 
coastal habitats by drilling underneath them. 

• Cables will be buried wherever possible, reducing the effects of EMFs. In areas where 
seafloor type potentially prohibits cable burial, or at cable crossings, cable protection 
would serve as a similar barrier to exposure. 

• The Proponent’s goal is to minimize the use of cable protection to the greatest extent 
possible through a careful route assessment and the selection of the most appropriate 
cable burial tool for each segment of the cable route. 

• The Proponent will apply a soft-start procedure to the pile driving process, which 
delivers initial pile drives at a lower intensity, allowing mobile species to move out of 
the activity area before the full-power pile driving begins. 

 

7  Unless the final CBRA indicates that a greater burial depth is necessary and taking into consideration 
technical feasibility factors, including thermal conductivity. 
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• A noise abatement system will be used to reduce sound levels by a target of 
approximately 10 dB during pile driving. 

• The Proponent does not intend to conduct pile driving between January 1 and April 30 
when higher numbers of North Atlantic right whales (NARW) are expected to be present 
in the Offshore Development Area. This will reduce the potential impacts to NARW and 
other species with similar seasonal presence in the region, including Atlantic cod and 
other soniferous species during their potential spawning seasons. 

• A benthic habitat monitoring plan framework has been developed (see Appendix II-R) 
to monitor recovery after construction in areas with sensitive habitats where similar 
post-construction monitoring has not already been conducted for other projects (such 
as along the OECCs). 

• A fisheries monitoring plan will be developed to monitor key indicators before and after 
construction; such monitoring may be part of regional monitoring efforts. 

• WTGs and ESPs will also be widely spaced, leaving a large portion of the Lease Area 
undisturbed by WTG and ESP installation.
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5 Conclusions  

The EFH IPFs during the construction, O&M, and decommissioning of Vineyard Northeast 
include seafloor disturbance and habitat modification, suspended sediments and deposition, 
entrainment and impingement, EMFs, and noise. Most potential impacts to EFH are expected 
to be temporary and/or localized. Direct habitat alterations from the installation of WTG/ESP 
foundations, scour protection, and potential cable protection have the potential to result in 
long term (lasting for the duration of Vineyard Northeast operations) impacts to EFH, 
specifically by converting soft-bottom habitat or open pelagic habitat to complex habitat; this 
could have certain beneficial effects by creating artificial reef effects. However, the long-term 
seafloor disturbance impacts would be expected to impact less than 0.4% of the total Lease 
Area (Table 4.1-1). The Proponent plans to avoid, minimize, and mitigate all potential impacts 
to EFH, wherever possible. 
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Annex A: Large-Scale Maps of Bottom Habitats and Benthic 
Features Located Withing the Offshore Development 
Area of Vineyard Northeast 

Habitat maps included in Annex A display the characterized delineations of benthic habitat 
type and benthic features along with all ground truthing samples collected in the Offshore 
Development Area in 2019 and 2022. Four maps depict the Lease Area at a scale of 1:100,000 
based on the extensive homogeneous nature of the habitat. Habitat along the OECCs is 
presented in a series of 550 maps at a scale of 1:5,000 based on the presence of Heterogenous 
Complex and Complex habitat observed throughout. For each series of maps, the kilometer 
posts (KP), grab and vibracore sample locations, HDD exit location, potential dredge location, 
and CMECS classification are provided.  
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