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Project Significance and IssuesProject Significance and Issues

•• DATA, DATA, DATA, DATA!!!!DATA, DATA, DATA, DATA!!!!
•• 1 project in state waters; 4 in federal 1 project in state waters; 4 in federal 

waterswaters
•• $3$3--44++ Billion investmentBillion investment
•• Data will help support the development Data will help support the development 

of renewable energy projects of renewable energy projects 
•• Help assess potential impacts Help assess potential impacts 
•• Inform NEPA & Federal Consultation Inform NEPA & Federal Consultation 

process (e.g., ESA) process (e.g., ESA) 
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Ocean/Wind Power Ecological Baseline StudiesOcean/Wind Power Ecological Baseline Studies 

Project ObjectivesProject Objectives

•• Address Natural Resource portion of Address Natural Resource portion of 
Blue Ribbon Panel Recommendation Blue Ribbon Panel Recommendation 
No. 4:No. 4:
–– ““Baseline data should be collected Baseline data should be collected 

regarding the distribution, abundance, regarding the distribution, abundance, 
and migratory patterns of avian and migratory patterns of avian 
species, fish, marine mammals and species, fish, marine mammals and 
turtles in the offshore area where turtles in the offshore area where 
development may be feasible.development may be feasible.””
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Specific Objectives Specific Objectives –– Fill Data GapsFill Data Gaps

•• In the Study Area, what are the In the Study Area, what are the 
abundance, distribution, and utilization abundance, distribution, and utilization 
of:of:

–– Bird Species (flight behavior)Bird Species (flight behavior)
–– Marine MammalsMarine Mammals
–– Sea TurtlesSea Turtles
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Specific ObjectivesSpecific Objectives

•• Using predictive modeling, mapping, and Using predictive modeling, mapping, and 
environmental assessment methodologies environmental assessment methodologies 
what portions of the study area are more what portions of the study area are more 
or less suitable for wind/alternative or less suitable for wind/alternative 
energy power facilities based on potential energy power facilities based on potential 
ecological/environmental impacts?ecological/environmental impacts?
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STUDY AREASTUDY AREA
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Field StudiesField Studies

•• Three Primary Surveys:Three Primary Surveys:
–– AvianAvian
–– Marine MammalMarine Mammal
–– Sea Turtle Sea Turtle 

•• Supporting Studies:Supporting Studies:
–– Oceanographic Oceanographic 



1212



1313



Activity conducted pursuant to NOAA Permit No. 10014-02

Photo by Tony Leukering, GMI
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Photo by Tony Leukering, GMI
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Other TasksOther Tasks

•• Literature ReviewLiterature Review

•• Data CompilationData Compilation--digital and historicaldigital and historical

•• Model DevelopmentModel Development

•• Impact Assessment Impact Assessment 

•• GISGIS

•• ReportingReporting
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ScheduleSchedule

•• 2424--month studymonth study

•• Field Work: Jan 2008 Field Work: Jan 2008 –– Dec 2009Dec 2009

•• Interim Report Interim Report –– March 2009March 2009

•• Draft Final Report Draft Final Report –– April 2010April 2010

•• Final Report Final Report –– Expected early JulyExpected early July
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Overall ProcessOverall Process

•• Technical Review Committee Technical Review Committee –– State State 
& Federal Agencies& Federal Agencies

•• Peer Review Group Peer Review Group –– Independent Independent 
Review Review 

•• Interested Party Group (stakeholders)Interested Party Group (stakeholders)

–– Periodic informational meetingsPeriodic informational meetings
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Draft Final Report SummaryDraft Final Report Summary
•• Four Volumes Four Volumes 

–– BirdsBirds
–– Marine Mammals & Sea TurtlesMarine Mammals & Sea Turtles
–– FisheriesFisheries

•• ModelingModeling

•• Sensitivity Index Map Sensitivity Index Map 

•• Data fulfilled Project Objectives!Data fulfilled Project Objectives!



GeoGeo--Marine, Inc.Marine, Inc.

Dan Wilkinson, Ph.D. Dan Wilkinson, Ph.D. 
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SUMMARYSUMMARY
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Sensitivity Map Sensitivity Map –– DRAFTDRAFT

•• Simple weighting of GIS layers by natural Simple weighting of GIS layers by natural 
& physical resources& physical resources

•• More heavily shaded areas indicate More heavily shaded areas indicate 
greater potentialgreater potential

•• Does not mean can not develop area, but Does not mean can not develop area, but 
may indicate greater mitigation &/or may indicate greater mitigation &/or 
other costs (e.g., monitoring, other costs (e.g., monitoring, 
construction $ due to avoidance).  construction $ due to avoidance).  
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Sensitivity Map (cont)Sensitivity Map (cont)

•• Tabular listing of all GIS layers by grid Tabular listing of all GIS layers by grid 
blockblock

•• Easy ID of sensitive Easy ID of sensitive ‘‘layerslayers’’
•• Additional siteAdditional site--specific information and specific information and 

risk assessment will be needed to better risk assessment will be needed to better 
define risks and potential mitigationdefine risks and potential mitigation



2929

DRAFTDRAFT
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Final ReportFinal Report

•• Information and data can be used for: Information and data can be used for: 

–– Baseline data for projects in study area (NEPA)Baseline data for projects in study area (NEPA)

–– Design of future monitoringDesign of future monitoring

–– Screening of potential sitesScreening of potential sites

–– ID Areas for MMS ID Areas for MMS ‘‘Request for InterestRequest for Interest’’

–– Planning for Phase II Wind FacilitiesPlanning for Phase II Wind Facilities
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Final Report (cont)Final Report (cont)

•• Estimate of potential impacts on natural Estimate of potential impacts on natural 
resourcesresources

•• Listing of species that may be impacted Listing of species that may be impacted 
including T&E speciesincluding T&E species

•• Estimate of relative scale of potential Estimate of relative scale of potential 
mitigation mitigation 



Final Report (cont)Final Report (cont)

•• Indication of areas that have limited Indication of areas that have limited 
potential for impactspotential for impacts

•• Areas that have greater potential for Areas that have greater potential for 
impactsimpacts

•• SiteSite--specific informationspecific information
•• Data, data, data, data!!!!Data, data, data, data!!!!
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Activity conducted pursuant to NOAA Permit No. 10014-02
Photo by Tony Leukering, GMI

QUESTIONS?

Office of Science website:
http://www.state.nj.us/dep/dsr/
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Oceanographic Studies
• Surface Mapping System (SMS) – collected 

data from the bow of the R/V Hugh R. Sharp during 
shipboard surveys every 10 seconds in 2008 and 
2009

• Conductivity, Temperature, and Depth 
(CTD) profiles – conducted during shipboard 
surveys in 2008 and 2009 at the beginning of the 
survey day, at noon, the end of the survey day, as 
well as the end of each trackline whenever possible

• Acoustic Doppler Current Profiler (ADCP) – 
data collected during shipboard surveys in 2008 and 
2009

• Benthic Mapping: Side scan sonar and 
magnetometer – conducted from the R/V Hugh R. 
Sharp between August 2009 and December 2009 and 
from approximately 1900 to 0500 hours, 8.0 nautical 
miles off the shore and parallel to New Jersey



C
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Sea Surface Temperature
Mean seasonal SST

•SST data collected via the Surface 
Mapping System (SMS) and CTD 
casts on-board the R/V Hugh R. 
Sharp between 2008 and 2009 

•During winter, horizontal 
temperature gradients dominate; with 
colder water close to the coast and 
warmer water near the shelfbreak

•Temperature variations in the 
surface layer (the upper 30 m [98.4 
ft]) are related to surface heating

•Thermal stratification begins in 
spring and persists until early fall 
when normal seasonal mixing occurs 
and homogenizes the water column

Presenter
Presentation Notes


The SMS collected SSTs from the bow of the vessel every 10 seconds



CTD casts  were conducted at the beginning of the survey day, at noon, the end of the survey day, as well as the end of each trackline whenever possible. 



Sea Surface Salinity
Mean seasonal SSS

•In general, the average salinity 
increases in the offshore direction

•High seasonal variability due to the 
seasonal river discharge and wind 
variations. 

•Offshore waters are more saline 
water due to the influence of the open 
ocean; waters closer to the coast are 
less saline due to the influence of the 
Hudson River outflow and coastal 
runoff

•a low salinity plume can span up to 
100 km across the shelf during 
upwelling season

•In late summer/early fall, winds tend 
to compress the low-salinity waters 
against the coast

Presenter
Presentation Notes
Data includes:



Historical data collected between 24 July 1927 and 17 June 1989 (obtained from the NODC WOD09). The WOD09 is a scientifically quality-controlled database of selected historical in-situ surface and subsurface oceanographic measurements produced by the Ocean Climate Laboratory (OCL) at the NODC. The WOD09 was created to provide the full set of data and quality control procedures used to calculate climatologies of temperature, salinity, oxygen, phosphate, silicate, and nitrate. 

And



Data collected during 2008 and 2009 by the SMS on board the R/V Hugh R. Sharp from the bow of the vessel every 10 seconds.





Upwelling season is May to September



Surface Chlorophyll a
Mean seasonal surface chlorophyll 
a

 

concentrations between 
1 Jan 2007 and 31 Dec 2009 

•Primary productivity is governed by 
the seasonal stratification of the shelf

•During summer, stratification is 
intense, primary production is low, 
except coastal areas near upwelling

•Mid and outer shelf, primary 
production is low as the shelf waters 
remain stratified

•Fall and winter blooms when 
stratification diminishes (due to 
seasonal convective overturn and 
frequent storms)

Presenter
Presentation Notes
In the vicinity of the Study Area, the winter bloom generally extends from the shoreline to a mean depth of 41 m (134.5 ft), or approximately 44 km (24 NM) offshore.



Raw remote sensed data  provided and collected by NASA with the Aqua Earth Observing System satellite for MODIS Level 3 data at a resolution of 1 km. Data processed provided by Rutgers Coastal Ocean Observation Lab 







Summer (2 August 2009)

This cast shows a well established stratified thermocline that is 
characteristic of the summer season in the Study Area

CTD Cast



Winter (15 February 2009)

This cast shows a well mixed water column with no thermal 
stratification and is characteristic of the winter season in the 
Study Area

CTD Cast



Benthic Mapping
• Two complementary tools: 

side scan sonar and 
magnetometer

• Relatively uniform sand 
bottom with four bottom 
types: sand plains, sand 
ripples, sand waves, and 
areas of mud and silt 
deposits 

• Seabed morphology consists 
of relatively flat, migrating 
sand waves and ripples with 
occasional larger sand ridges

• Sonar targets include fish 
traps, debris probably 
associated with commercial 
shipping traffic, ship wrecks, 
and possibly cement 
structure debris. 



Avian Studies



Avian Studies - Introduction 
Visual Surveys

• Large Boat

• Small Boat

• Aerial

Avian Predictive Modeling

Remote Sensing

• Radar

– Coastal

– Offshore

• Radar Validation Surveys

• Thermal Imaging-Vertically 
Pointed Radar

• NEXRAD Study



TOTAL SURVEY EFFORT
2008‐2009

Bimonthly coastal and 
offshore surveys

Total km 18,183

Total species 153

Presenter
Presentation Notes
July-November



Avian Cumulative 
 Daytime Abundance

2008‐2009

Areas of highest avian 

 abundance were mostly 

 within state waters (3 

 NM from the coast) 

Altitude Distribution

Presenter
Presentation Notes
January-November



Questions:
1.   Where and when are birds (species) most likely to concentrate along the 

NJ coast? 

2.   Are birds more or less concentrated evenly along the coast, or do some 
species exhibit specific spatial gradients (i.e. latitude/longitude 
variation)? 

3.  What is the relationship between bird density/distribution and depth, 
distance to shoreline, distance to shoals, and slope?  

Objectives: Spatial ecology of birds in NJ coastal 
 marine environment

Presenter
Presentation Notes
July-November



1) Bimonthly survey data are used to calculate density estimates (km-2) 
of birds (e.g. total birds, by species). 

2) Kernel density interpolation are used to grid bird density at seasonal 
scales.

3) GIS data management - Grid cells are integrated with spatial 
covariates.

4) Spatially-explicit regression models are fitted to test whether spatial 
variability of bird density and distribution may be related to spatial 
covariates.

5) The effect of each spatial covariate is assessed for predicting changes 
in bird density.

Modeling Overview

Presenter
Presentation Notes
July-November



Spatial Lag Regression Model
Y = ρWy

 

+ Xiβ

 

+ ε

Generalized Additive Models (GAMs)
E[y] = g‐1(β0

 

+ ∑k

 

Sk

 

(xk

 

))

Quantify spatial relationship between bird density and covariates:
Depth
Slope
Distance to shoreline
Distance to nearest shoal
Latitude
Longitude

Statistical Spatial Modeling: 

Presenter
Presentation Notes
July-November



Synthesized 2 years of shipboard surveys to model and predict the 
spatial distribution of birds using kernel density interpolation and spatial 
regression.

- Geographic Atlas

‐

 
Spatial distribution and abundance of birds varies by species 

 and season.

‐

 
Depth, distance to shoreline

 
and nearest shoal

 
are significant 

 predictors of bird spatial distribution.

‐

 
Birds are concentrated closer to shore during fall and winter 

 than in spring or summer.
‐

 
Community composition changes

‐

 
Seasonal ‘Hotspots’

 
and spatial gradients 

 
are present

Modeling Results: 

Presenter
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July-November



Fall Winter

Seasonal Variability: Total bird density

Presenter
Presentation Notes
July-November



Spring Summer

Seasonal Variability: Total bird density

Presenter
Presentation Notes
July-November



Total birds: relationship with covariates

Distance to Shore

Depth

Presenter
Presentation Notes
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‘Sitting’
 

birds: relationship with covariates

Distance to Shore

Depth

Presenter
Presentation Notes
July-November



Northern Gannet: relationship with covariates

Distance to Shore

Distance to Shoal

Presenter
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Distance to Shore

Distance to Shoal

Scoter Species: relationship with covariates

Presenter
Presentation Notes
July-November



Laughing Gull: relationship with covariates

Distance to Shore

Depth

Presenter
Presentation Notes
July-November



Conclusions:

• Geographic atlas of bird distribution and density
• concentration ‘hotspots’ are present
•dynamic with respect to seasonality and is driven by species 
specific responses
•changes in relation to depth, slope, distance to shoreline, 
distance to shoals

•Total bird density declined significantly in waters greater than 
20m in depth and 7.6 miles from the coastline

•Sitting birds occurred in waters less than 15 m in depth and 
within 3.8 miles from the coastline

•These data are used to develop a semi-qualitative  
environmental sensitivity index 

Presenter
Presentation Notes
July-November



Avian Radar Studies



The primary goals and objectives of the offshore and 
onshore avian radar surveys were:

•To determine seasonal altitudinal distribution of birds over 
offshore, near shore, and onshore sites within the Study Area 

•Determine the density of flight activity moving through the 
radar surveillance area over a specific time period. 

Avian Radar Surveys



Mobile Avian Radar System (MARS)



Radar Configurations



Spring 2008 Fall 2008 and Spring 2009

Offshore Radar Locations



Onshore Radar Locations



Radar Validation
• Avian radar validation surveys were conducted to identify 

the sources of radar echoes and to determine radar 
confirmation percentages of birds at varying distances 
and varying altitudes above mean sea level from the 
radar. 

• Barge-based, boat-based and onshore-based validation 
surveys were conducted by observers throughout the 
study area. 

• A TI-VPR system was also used to collect validation 
data. 



Thermal Imager-Vertically Pointing Radar (TI-VPR)



Data Analysis

• Avian radar data were analyzed to identify false tracks 
generated by detections from:

– rain (especially virga)

– sea clutter  

• Data filters and correction factors were developed to 
remove false tracks from radar data.

• The data were corrected for multiple tracks for a single 
target.

• The data were processed to eliminate insect targets.



Radar Survey Results

The results of the studies with VerCat are expressed in 
terms of three metrics: 

•median altitude quartile (the 50 % quartile containing 
the altitude at which half the total number of birds 
observed were flying below the median, and half were 
flying above the median)

•adjusted migration traffic rate (AMTR - number of bird 
tracks crossing over a km per hour)

•flux (adjusted bird tracks/km3/hour)



Radar Survey Results

• The flux value (adjusted bird tracks /km3 / hr) is the primary 
metric used to estimate bird-turbine collision mortality.

• Cumulative diurnal and nocturnal flux data were sorted into 
three altitude bands with reference to the potential rotor 
swept zone (RSZ): 

– Below the RSZ (low altitude band, 1 to 99 ft AMSL), 

– Within the RSZ (middle altitude, 100 to 700 ft AMSL), 

– Above the RSZ (high altitude band, 701+ ft AMSL). 

• Flux values were reported for time periods (e.g., weeks, 
daytime, nighttime) through the low, middle, and high 
altitude bands, and sorted into three wind categories: 0-8 
mph, 9-16 mph, and above 16 mph.



Offshore Flux (Spring – Fall 2008) 

Diurnal

•Overall cumulative daytime flux was greater in the RSZ than 
the low altitude band from nearshore to offshore. 

Nocturnal

•Overall cumulative nocturnal flux was greater in the RSZ 
than in the low altitude band, increased in quantity during 
nighttime, and increased in quantity as migration seasons 
progressed. 

•The potential for bird turbine collision is greater during the 
fall because the majority of birds are within the RSZ.



Offshore Flux--Diurnal Spring 2008



Offshore Flux--Nocturnal Spring 2008



Onshore Flux:

Diurnal

•Although some flux occurred within the RSZ, most 
movements were below the RSZ.

Nocturnal

•The cumulative flux values were greater within the low 
altitude band than within the RSZ at all onshore sites when 
no migration occurred or when flux values were small.

•When migration occurred cumulative flux values increased 
within the RSZ and above the RSZ

Spring/Early Summer 2008, Fall/Early Winter 2008, 
Spring/Early Summer 2009, Fall 2009



Onshore Flux-- Diurnal Fall 2008

Fall 2008 Onshore VerCat Flux (abt/km3/hr)/Altitude Band (ft AMSL) for Diurnal ‐ Clear Weather Days 
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Nocturnal Fall 2008 Onshore Flux

Fall 2008 Onshore VerCat Flux (abt/km3/hr)/Altitude Band (ft AMSL) for Nocturnal ‐ Clear Weather Nights 
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Thermal Imager-Vertically Pointed Radar
Offshore

Location Total Count Birds Bats Insects When
Grid 23 783 570 9 204 Spring 2008

Grid 23 1,252 985 24 243 Fall 2008

Grid 26 249 192 0 57 Fall 2008

Grid 16 97 39 0 57 Spring 2009
Grid 22 57 39 0 18 Spring 2009

During spring 2008, 75+% of the bird movements aloft occurred within the RSZ.

During fall 2008, there were slightly more birds at altitudes within the RSZ (51%) 
than above (49%).

During spring 2009, 75+% of the bird movements aloft occurred within the RSZ.

Flight directions were towards the NNW-NE in spring.

Flight directions were towards the SW in fall and showed little variability.



Location Total Count Birds Bats Insects When
Sea Isle City 295 270 6 9 Fall 2008

Island Beach SP 54 21 0 33 Spring 2009

Sea Isle City 1,133 738 0 395 Fall 2009
Island Beach SP 219 144 6 69 Fall 2009
Brigantine NWR 138 39 0 99 Fall 2009

During fall 2008, 90% of the bird movements aloft occurred within the RSZ.

During spring 2009, 100% of the bird movements aloft occurred above the RSZ.

During fall 2009, 50-75% of the bird movements aloft occurred within the RSZ. 

Flight directions in the spring were towards the NE.

Flight directions in the fall were towards SW to SE and more variable.

Thermal Imager-Vertically Pointed Radar
Onshore



WSR-88D (NEXRAD)



Sample Areas

1A
2A

3A

1B

2B
3B



Sample Area Specs
Area Angle 1 Angle 2 Distance (km) Base (m) Center (m) Top (m) Width (m)

1A 117 127

27 63 282 501 438

32 84 345 616 519

37 111 411 711 600

2A 170 180

54 222 660 1098 876

59 261 742 1221 957

64 306 825 1344 1038

3A 191 201

83 495 1170 1845 1347

88 555 1268 1983 1428

93 618 1374 2130 1509

1B 112 122

50 192 597 1002 813

55 228 675 1122 894

60 270 756 1242 375

2B 157 167

72 381 966 1551 1170

77 432 1056 1680 1251

82 486 1152 1818 1332

3B 175 185

92 606 1353 2100 1494

97 672 1458 2244 1575

102 738 1566 2394 1656



Base Reflectivity and Base Velocity: 
Night of 15 October 2005



Data Analysis Products

• These data were then analyzed to measure the 
following:
– Year-to-year patterns of migration
– Night-to-night patterns of migration
– Hour-to-hour patterns of migration
– Direction of migratory movements
– Migration, weather conditions, and collisions

• Accomplished by comparing nights with decreased 
visibility (ceiling height > 1000-ft) and/or 
precipitation with migration densities from the 
same time.



WSR-88D (NEXRAD)
• During the five-year study the amount of migration in 

spring and fall passing over the onshore sample areas 
was much higher than the amount of migration measured 
over the offshore sample areas, but the radar beam 
sampled higher altitudes as distance from the radar 
increased.

• Overall, the density of migration during the fall was on 
average two to three times greater than the density of 
migration observed during the spring. 

• In spring the peak migration occurs in early to mid-May.

• In fall the peak migration occurs in early to mid-October.



WSR-88D Weather Condition Analysis

Spring

• 79 of 365 nights had conditions that would cause 
birds to fly lower (overcast sky below 1000 ft,  and 
sometimes with reduced visibility), and  29 of these 
nights had densities of 25 birds/km3 or greater. 

Fall

• 102 of 465 nights had weather conditions that might 
cause birds to migrate at low altitudes, and 24 of 
these nights had densities of 25 birds/km3 or 
greater. 



Marine Mammal and Sea Turtle 
Studies



Results
• Ship Survey 

Jan 2008 - Dec 2009

Effort = 7,086 NM 

• Aerial Survey
Feb - May 2008; Jan - Jun 2009

Effort = 6,603 NM

TOTAL SURVEY SIGHTINGS = 615 (486 ON-EFFORT)

Presenter
Presentation Notes
Note that only on-effort sightings could be used in the abundance/density modeling to meet the criteria of the distance sampling method.



A total of 38,700 hours of data (on 2.5 TB of drive space) was collected during the passive acoustic monitoring of the study area for this project. 

As a reference, there are 8,760 hrs in one year so more than 4.5 years of data were collected over 6 deployments. Recorders were set to two sample rates – low and high frequencies – to sample for both baleen whales and smaller toothed whales. Auto-detection algorithms were used to detect NARW and fin whales while manual review of the high frequency data allowed investigation for presence of delphinids. 





Species Detected

• 8 Marine Mammal Species

• 2 Sea Turtle Species 

• T&E Species = North Atlantic right whale
Fin whale
Humpback whale
Loggerhead turtle
Leatherback turtle

• Seasonality of Detections
– Occurrence of dolphins, porpoises, & turtles is largely 

seasonal

– Right whale, Fin whale, humpback whale, & 
bottlenose dolphin detected during all seasons

Presenter
Presentation Notes
The 5 T&E species mentioned are threatened or endangered species listed under the Endangered Species Act. All marine mammal species are protected under the Marine Mammal Protection Act.

Fin whales were detected acoustically during every month of the PAM study, while right whales were detected mostly in the fall, winter, and spring months. Delphinid (dolphin) calls were recorded mostly from early spring through late fall which coincides with the time of year when the most frequently-sighted species, the bottlenose dolphin, was recorded from the aerial and ship surveys.

Seasons were based on SSTs: 

Winter: 18 December – 9 April

Spring: 10 April – 21 June

Summer: 22 June – 27 September

Fall: 28 September – 17 December 

The following slides include the results for each species detected during the baseline study.





North Atlantic Right Whale

Study Area is part of the right whale 
migratory corridor.

• Detected during all seasons
• Total sightings = 4 (inc. a cow/calf pair)
• Mean group size = 1.5
• Mean water depth = 73.8 ft
• Mean SST = 50.0°F 

High densities of T&E mammals predicted 
throughout the Study Area between 1 and 20 NM 

from shore.

Presenter
Presentation Notes
Right whales migrate through the Study Area between feeding grounds in the northeast and breeding/calving grounds in the southeast. However, the seasonal movements of all North Atlantic right whales are unknown. About half of the population may reside in the Gulf of Maine between November and January based on recent aerial survey data. Our sightings were recorded in January, May, November, and December which includes the times of year when right whales are known to be on the breeding/calving grounds farther south or in the Gulf of Maine. 

Due to the low number of sightings recorded during the study period, no estimates of abundance could be generated for this species. So we present the predicted density of all T&E marine mammals in the Study Area.



Photos were taken of each right whale sighted, and the New England Aquarium was able to match all of the photos to individuals from the NARW catalog. 

The January 2009 sighting was of two adult males; these whales were sighted offshore of Barnegat Light in the northernmost portion of the Study Area. The whales exhibited feeding behavior (i.e., surface skimming with mouths open) in 26 m (85 ft) of water. However, actual feeding could not be confirmed. 





Fin Whale

• Detected during all seasons
• Total sightings = 37 (incl. a cow/calf pair)
• Mean group size = 1.5
• Mean water depth = 70.5 ft
• Mean SST = 49.3°F 

High densities of fin whales were predicted 
throughout most of the Study Area, 

including in waters as shallow as 39 ft and 
within 1 NM from shore.

Year-round abundance = 2 animals

Presenter
Presentation Notes
Fin whales were the most frequently sighted large whale species during the survey period. In August 2008, a fin whale calf approached the ship and swam in circles around the ship for 45 min while an adult whale (probably the mother) made long dives far from the ship.





Humpback Whale

• Detected during all seasons
• Total sightings = 17 (incl. a cow/calf pair)
• Mean group size = 1.2
• Mean water depth = 67.3 ft
• Mean SST = 50.2°F 

High densities of T&E mammals were 
predicted throughout the Study Area between 

1 and 20 NM from shore.

Year-round abundance = 1 animal

Presenter
Presentation Notes
During the study period, photographs were taken whenever possible for photo-identification purposes. These photographs were compared to the College of the Atlantic’s North Atlantic Humpback Whale Catalog. One individual sighted in the Study Area August 2009 was matched to the catalog and last observed in the Gulf of Maine in 2008.

A cow-calf pair was recorded in February 2008 just north of the Study Area boundary in 20 m (66 ft) of water. This was the only sighting of a humpback calf during the study period. 

Not enough on-effort sightings of this species to generate abundance estimates.



Minke Whale

• Detected during winter and spring
• Total sightings = 4
• Mean group size = 1 
• Mean water depth = 59 ft
• Mean SST = 47.0°F 

Presenter
Presentation Notes
The minke whale was the only non-T&E whale species sighted during our study.

Because only four sightings of minke whales were recorded during the study period, no abundance estimates could be generated for this species. However, the abundance estimated from pooling all whale species was three individuals which may be an underestimate since large whales may have been diving and not available to be detected by the observers. 



Bottlenose Dolphin

High spring densities were predicted in portions 
of the Study Area up to 15 NM from shore.

Peak densities were predicted in State waters off 
Atlantic City north to Brigantine and Little Egg 

Inlet.

• Detected during all seasons 
(mostly during spring and summer)

• Total sightings = 319
• Mean group size = 15.3
• Mean water depth = 54.5 ft
• Mean SST = 61.3°F 

Spring abundance = 722 animals

Presenter
Presentation Notes
Most frequently-sighted species during the study period. 

Spring density was predicted from the shipboard sightings. Not enough spring sightings from aerial survey to generate aerial density for this species.



Bottlenose Dolphin

Predicted densities spanned the Study Area 
during summer; higher densities of 
bottlenose dolphins extend into the 

northern portion of the Study Area during 
this time of year. 

Peak densities were predicted from the 
shoreline to 19 NM offshore of Barnegat 

Bay and along the Federal/State boundary.

Summer Abundance & Density

Summer abundance of bottlenose 
dolphins = 283 ship analysis 

1,297 aerial analysis

Presenter
Presentation Notes
One abundance estimate for summer from the ship sightings data and one estimate from the aerial sightings data.

2 density surfaces predicted for the summer—one from the ship data and one from the aerial data



Short-beaked Common Dolphin

• Detected during fall and winter
• Total sightings = 32
• Mean group size = 12.8 
• Mean water depth = 76.1 ft
• Mean SST = 44.8°F 

High densities of delphinids were predicted south of 
Barnegat Light during winter. 

Winter abundance = 82 animals

Presenter
Presentation Notes
Although there were not enough sightings data to generate an abundance estimate for short-beaked common dolphins, the majority of delphinid sightings included in the winter abundance analysis were of short-beaked common dolphins. The rest of the delphinid sightings during this time of year were suspected to be of the same species but could not be confirmed. 

Only eight short-beaked common dolphin sightings were recorded during the fall; therefore, the abundance of this species is expected to be lower during this time of year. 

Common dolphins were the only species that approached the ship to bow ride.



Harbor Porpoise

• Difficult to detect in BSS >2
• Over 90% of sightings recorded 

during winter 
• Few sightings also recorded in 

spring and summer 

• Total sightings = 51
• Mean group size = 1.7 
• Mean water depth = 70.5 ft
• Mean SST = 42.4°F 

High densities of harbor porpoises were 
predicted in the center of the Study Area. Peak 
densities were predicted between 3 and 8 NM 

from shore and also 18 NM from shore north of 
Brigantine.

Winter abundance = 98 animals

Presenter
Presentation Notes
This species is very difficult to detect in a Beaufort Sea State above 2 due to their very small dorsal fins and the fact that they occur in very small groups of usually 1-2 animals.

Therefore, only sightings and effort conducted in a BSS 0-2 were included in the abundance/density analyses.

No harbor porpoise sightings were recorded during the fall surveys; however, weather conditions were often above a BSS 2 which makes sighting this species very difficult. 

The mean SST of 42.4F is the lowest mean value for all cetacean species identified during our study which supports the seasonality of harbor porpoise occurrence in the Study Area. 





Harbor Seal

• Detected only in spring
• Total sightings = 1
• Mean group size = 1 
• Mean water depth = 59 ft
• Mean SST = 52.5°F
• No haulout sites detected along shoreline 

Other unidentified pinnipeds 
recorded near Ocean City in April 
2008 were likely also harbor seals 
but could not be confirmed. Two 

possible harbor seals were sighted 
south of the Study Area near 

Lewes, Delaware during the study 
period. 

Presenter
Presentation Notes
The two unidentified pinnipeds recorded near Ocean City, New Jersey in April 2008 were probably harbor seals but species identification could not be confirmed. There were additional unidentified pinnipeds seen during the surveys but no supposition can be made regarding their probable identification.

No abundance estimates or surface densities could be generated due to the low number of sightings.

Harbor seals regularly haul out near Great Bay inshore of the Study Area and along the northern shore of the New York Bight, including Sandy Hook and the coasts of Rhode Island, Connecticut, and Massachusetts. No haulout sites were detected along the beach adjacent to the Study Area during the shoreline aerial surveys. 



Loggerhead Turtle

• Detected in spring, summer, and fall
• Total sightings = 69
• Mean group size = 1 
• Mean water depth = 77.1 ft
• Mean SST = 65.3°F 

Presenter
Presentation Notes
The 15 unidentified hardshell turtle sightings recorded during spring and summer may have been loggerhead turtles; however, species identifications could not be confirmed.

This was the second highest mean SST of all sightings which is consistent with the strong seasonality of loggerhead occurrence in the Study Area. 

Due to difficulties in measuring the perpendicular distances of the loggerhead sightings from the aerial survey tracklines, abundance estimates could not be generated for the Study Area.  We are working to develop alternate protocols and methods that will enable us to measure perpendicular distances of turtle sightings for future aerial surveys.

Sea turtle sightings recorded from the shipboard surveys could not be used to generate density/abundance estimates because turtles were only visible when they were very close to the tracklines. Therefore, a detection function could not be fitted to the sea turtle data.



Leatherback Turtle
• Detected during summer only
• Total sightings = 12
• Mean group size = 1 
• Mean water depth = 79 ft
• Mean SST = 66.2°F 

Presenter
Presentation Notes
Due to difficulties in measuring the perpendicular distances of the loggerhead sightings from the aerial survey tracklines, abundance estimates could not be generated for the Study Area.  We are working to develop alternate protocols and methods that will enable us to measure perpendicular distances of turtle sightings for future aerial surveys.

Sea turtle sightings recorded from the shipboard surveys could not be used to generate density/abundance estimates because turtles were only visible when they were very close to the tracklines. Therefore, a detection function could not be fitted to the sea turtle data.





Marine Mammal Acoustic Studies



Underwater Acoustic Survey - Methods

• Methods
– Study area

– Pop-up locations

– Sampling rates

Photos: GMI

Presenter
Presentation Notes
One of the survey methods for studying marine mammals is to record their vocalizations. We used several marine autonomous recording units, affectionately called pop-ups because they pop to the surface at the end of the set recording period, to detect for presence of whales and dolphins in the study area but documenting their calls. You are familiar from previous presentations with our study area – outlined by the red box – within which we deployed pop-ups in a cross-configuration to maximize recording of the area while allowing for within day travel to deploy and recover the units. S1-S5 were the primary locations, but weather, loss for various reasons and depth required us to shift placement in latter deployments (S1a, 1b, 3a).

We used two acoustic sampling rates because whales and dolphins that might frequent the area use very different frequencies to communicate. The low frequency, 2 kHz, is to record baleen whales while the high frequency, 31.25 kHz, is for dolphins. These frequencies in association with the hard drive size and recorder battery life dictate the duty cycle, also known as how much time per day you can record for. The 2 kHz is continuous and the high frequency is 5 min on, 25 min off per day (240 min recorded per day) because the amount of data in the same time period is much larger.

SHOW POPUPS – discuss cleaning and sphere.



Underwater Acoustic Survey - Results

Photos: GMI

Deployment (#days 
deployed) S# Pop-up 

ID

Sample 
Rate 

(kHz)
Status

March 2008
(84)

1 PU039 2 Lost

2 PU086 2 analyzed

3 PU063 2 analyzed

4 PU081 2 analyzed

5 PU134 2 analyzed

June 2008
(85)

1 PU063 2 analyzed

2 PU081 32 analyzed

4 PU086 32 analyzed

5 PU134 2 analyzed

September 2008
(64)

1 PU063 2 Lost

2 PU081 32 Lost

3 PU202 2 analyzed

4 PU086 32 analyzed

5 PU203 2 analyzed

Deployment (#days 
deployed) S# Pop-up 

ID

Sample 
Rate 

(kHz)
Status

December 2008
(97)

1a PU179 2 Lost

2 PU134 32 analyzed

3 PU202 2 analyzed

4 PU086 32 Lost

5 PU203 2 Lost

March 2009
(76)

1a PU002 2 analyzed

2 PU171 32 Malfunctioned

4 PU182 2 analyzed

August 2009
(78, 114)

*none deployed in 
July 09

1b PU145 2 analyzed

2 PU134 32 Under analysis

2 PU182 2 analyzed

3a PU160 2 analyzed

4 PU153 32 analyzed

5 PU162 2 analyzed

Total hours collected: 38,700 hrs
Total GB of data: ~2.5 TB

Presenter
Presentation Notes
These charts present a snapshot of each deployment. The number of days deployed ranged from 64 to 114 with a total for the project of 520 days of recording with between 3 and 6 pop-ups placed and recording. During the course of 18 months for which we were collecting acoustic data, we gathered roughly 38,700 hours of audio data – this represents the cumulative total for all popups and all deployments. This number of hours equates to about 2.6 TB of data. We are processing the last bit of data from the august deployment.



Underwater Acoustic Survey - Results

Photos: GMI

Deployment Station 
#

Species ID 
Confirmed 

(# days detected)

Delphinid Calls 
Confirmed 

(# days detected)

March 2008

1 NA \

2 RW(19), FW(16) \

3 RW(21), FW(5) \

4 RW(24), FW(16) \

5 RW(14), FW(17) \

June 2008

1 RW(0), FW(18) \

2 \ (68)

4 \ (42)

5 RW(12), FW(56) \

September 2008

1 NA \

2 \ NA

3 RW(5), FW(18) \

4 \ (16)

5 RW(3), FW(6) \

Deployment Station 
#

Species ID 
Confirmed 

(# days detected)

Delphinid Calls 
Confirmed 

(# days detected)

December 2008

1a NA NA

2 \ (30)

3 RW(9), FW(64) \

4 NA NA

5 NA NA

March 2009

1a RW(0), FW(10) \

2 \ Malfunctioned

4 RW(7), FW(14) \

August 2009

1b RW (6), FW (27) \

2 \ under analysis

2 RW (ua), FW (29) \

3a RW (2), FW (37) \

4 \ (6)

5 RW(1), FW(30) \

\ = data in other sample rate
NA = not available to analysis (lost)
RW = North Atlantic right whale
FW = fin whale

Presenter
Presentation Notes
Auto-detection algorithms were used to detect NARW and fin whales while manual review of the high frequency data allowed investigation for presence of delphinids. Thus, we focused on examining the low frequency data for North Atlantic right whales, fin whales and manually reviewed the high frequency data for presence of delphinds. Please remember that the goal of the study was to document the presence of species; thus, once we confirmed presence of calls from one of these species on a particular day, we stopped examining the data from that day and moved to the next day of data. 

Fin whales were documented during every month of study, while right whales were observed mostly in the fall, winter and spring months. Dolphin calls were recorded mostly from early spring through late fall. Dolphin calls were detected seasonally during late spring to early fall.



Underwater Acoustic Survey - Results

Fin whale detections 
March – June 2008

Fin whale detections 
June – Sept 2008

Presenter
Presentation Notes
Figures from Volume III of the final report. The pink shading indicates around which pop-ups fin whale calls were detected. The plot on the left is from our first deployment (March – June 2008) while the one on the right is from Deployment 2. I present these figures to show you how prevalent fin whale calls were during our study. 

D1: S#5 N=17 days; S#4 N=16, S#3 N=5 and S#2 N=16 The pop-up from S#1 was lost.

D2: S#2 & S#4 were high freq; S#5 N=56 days, S#1 N=18 days for fin detections.



Underwater Acoustic Survey - Results

Photos: GMI

Fin 
whale 
pulses

15 Apr 08

PU081, S#4

PU063, S#3

S# 3, 4, 5 presented fin pulses

Ch 2 Ch1 (amp)

Presenter
Presentation Notes
Here is an example of a fin whale pulse sequence – recorded on tax day 2008. We detected fin pulses on three popups … S# 3, 4, & 5 in the array.

In this figure only three popups are represented, the lower two graphs are spectrograms – they provide a visual image of the sounds animals make. The upper two traces are the associated wave forms, which illustrate the energy of the sound.

Channel 2, the lower trace, is played at 20 times the normal rate (speed) so that you can hear it, That is, fin whales produce calls well below the range of human hearing. Channel 1 is played at 20x and amplified by 8 times.

We used call detection templates to review the data in automated fashion. Not only were fin whales documented during every month sampled, but often chorusing whales were documented. That is, 2 or 3 call tracks were documented on some days. 



Underwater Acoustic Survey - Results

right whale detections 
Sept – Dec 2008

right whale detections 
Dec 08 – March 09

Presenter
Presentation Notes
Figures from Volume III of the final report. The pink shading indicates around which pop-ups North Atlantic right whale calls were detected. The plot on the left is from our third deployment (Sept – Dec 2008) while the one on the right is from Deployment 4, the winter months. Right whale behavior and distribution is primarily studied from Cape Cod north and around FL and GA. No systematic studies of this highly endangered baleen whale have been conducted in the corridor between NY and DE. Yet, we have documented – both via vessel visual and passive acoustic surveys – this species along the NJ coast. 

D3: S#5 N=3 days; S#3 N=5 days. Five popups were deployed from Sept to October with three recovered.

D4: S#3 N=9 days – only 1 high and 1 low frequency unit each were recovered.



Underwater Acoustic Survey - Results

North 
Atlantic 
right 
whale 
upcalls

15 Apr 08

PU081, S#4

March 28, 2008 @ ~1:11 AM unamplified, normal speed

2x rate, amplified 4x

Presenter
Presentation Notes
North Atlantic right whales were documented during spring and fall months, when they might be expected to be migrating through the area. However, right whale up calls were also documented during late January, February and early March during a period of time when right whales in the Atlantic are assumed to be in more southerly latitudes. The calls from February 2009  were documented within ~12 miles of the NJ shoreline. 



Underwater Acoustic Survey - Results

dolphin 
whistles

clicks, claps, 
pulses, 
squawks, etc, 
too

14 July 08

PU081 - WHS

July 14, 2008 @ ~6:00 AM

Presenter
Presentation Notes
Dolphins – likely bottlenose or common dolphins based on the survey sighting date – were documented mostly from spring to fall months and mostly in the more shallow areas closer to shore. 



Underwater Acoustic Survey - Summary
• Baleen whales detected

• Call detectors only for species with 
stereotypical calls 

• North Atlantic right whales – spring, 
fall, winter

• Fin whales – every month, sometimes 
chorusing

• Both offshore & near-shore detections

• Toothed whales detected
• Manual review for variable calls
• Whistles, squawks, pulsed calls 

detected
• Jaw claps, too
• Species differences … not yet

Photos: GMI



Fish and Fisheries



Fish and Fisheries
• Fish Habitats

• Inshore
• Coastal Beaches (surf zone): 

Anchovy, Silverside, Bluefish, 
Northern Kingfish

• Offshore
• Pelagic zone (water column): 

Bluefish, Striped Bass, Atlantic Mackerel
• Benthic zone (bottom substrate): 

• Sand-mud Plain: Yellowtail 
Flounder, Silver Hake, Sand Lance, 
Atlantic Surfclam

• Shoreface Sand Ridges: 
Butterfish, Bay Anchovy, Atlantic 
Surfclam, Decapod crustaceans (e.g., 
Atlantic Rock Crab and American 
Lobster)

• Artificial Structures (~ 150 different 
marine species) : Tautog, Black Sea 
Bass, Red Hake



• Fisheries Management
1. Atlantic States Marine Fisheries Commission (ASMFC)

A. 19 Coastal Fish Species
B. Shad/River Herring Group and 20 Coastal Sharks

2. Fishery Management Councils (NEFMC, MAFMC, SAFMC)
A. 26 Essential Fish Habitat (EFH) Species
B. 1  Habitat Areas of Particular Concern (HAPC): Summer Flounder

3. National Marine Fisheries Service (NMFS)
A. 14 Highly Migratory Species (HMS)
B. 1 HAPC: Sandbar Shark 
C. 1 Proposed

 

(Threatened/Endangered) Distinct Population Segments (DPS): 
Atlantic Sturgeon

Fish and Fisheries
One of New Jersey’s most valuable natural resources

The economic impact of commercial fisheries, recreational fisheries, and 
aquaculture in New Jersey is approximately $4.5 billion annually.



Fish and 
Fisheries

Essential Fish Habitat

•38 species have EFH within the 
study area

•Most includes multiple life 
stages



Fish and Fisheries

• Commercial Fisheries 
(2003-2007) 
– Total value $700 Million 
– Annual mean value $178 Million
– In 2007, NJ Ranked 8th in value 

and 10th in landings

– Fishing Gear
• New Jersey: 

– Dredges, Trawls, Purse Seine, 
Hook-and-Line, Gillnets, 
Pots/Traps

• Study Area: 
– Clam Dredge



Fish and 
Fisheries

• Clam Dredge Fishery



Fish and Fisheries
Commercial Fisheries (2003-2007)



Fish and 
Fisheries

• Two Major Commercial Fishery 
Ports  (Barnegat Light and 
Atlantic City)

• Carl N. Shuster Jr. Horseshoe 
Crab Reserve

• Jacques Cousteau National 
Estuarine Research Reserve



Fish and Fisheries

• Recreational Fisheries
– Fishing Hotspots:

1. Shipwrecks (~ 102)
2. Artificial Reef Complexes (~ 9)
3. Shoals/Lumps (~ 40)

– Common Species:
– Black Sea Bass
– Tautog
– Striped Bass
– Bluefish
– Winter Flounder
– Atlantic Mackerel
– Atlantic Bonito



Fish and Fisheries
Recreational Fisheries (2003-2007)



Fish and 
Fisheries

• New Jersey Ocean 
Stock Assessment 
(OSA) Program (2003- 
2008)



• OSA Program (2003-2008)

Source: NMFS (2008b)

Fish and Fisheries



Fish and Fisheries
• OSA Program (2003-2008)



Fish and Fisheries
• OSA Program (2003-2008)



Fish and Fisheries
• OSA  Program (2003-2008)

Source: NMFS (2008b)

• Dominant Species by Area



Sensitivity Index



Index Development
• Includes physical, biological and socio-economic 

features

• Data collected through
– field studies

– review of published literature

– resource agencies such as NJDEP, NOAA, NMFS, and 
MMS

• Resources considered for the index include: 
– artificial reefs 

– marine protected areas (MPA) 

– shoals 

– habitat areas of particular concern (HAPC) 

– essential fish habitat (EFH) 

– commercial fishing grounds

– recreational fishing grounds

– modeled avian, marine mammal, and sea turtle data

• “Prohibited Development Areas”
– Shipping lanes, utility cables, obstructions, shipwrecks, 

and UXO

• Every layer is ranked, and the cumulative score of 
the layers provides the index value



Prohibited 
Development Areas
Data Includes:

• shipping lanes
• known obstructions
• Shipwrecks
• traffic separation 

zones
• utility cables



General Features

Data Includes:

• Shoals
• Recreational fishing 

areas
• Commercial fishing 

areas/grounds
• Marine protected 

areas
• Artificial reefs

All equally ranked at 1



Avian Density

• Total kernel density 
abundance for all birds, 
behaviors, and years

• Ranked 2 to 6 
depending on density

• Insufficient  quantity of 
T&E data to model



Marine Mammal 
Density

• All Distance modeling 
output for non-listed 
species were combined 
to create this layer

• Ranked 1 to 3 
depending on density



Marine Mammal T&E 
Density

• Includes only Distance 
modeling for T&E 
species

• Ranked 1 to 3 
depending on density



Sea Turtle 
Sightings per Unit Effort

• Developed from a 
sightings per unit effort 
(#/km) & Kriging method 
due to insufficient data 
for density modeling

• Ranked 1 to 3 
depending on number of 
sightings per km



Essential Fish 
Habitat

• All EFH within the Study 
Area was layered to 
create this data

• Ranked 1 to 3 
depending on number of 
overlapping EFH



• Avian density data ranked 2, 4, & 6
• EFH ranked 3
• Marine mammal density ranked 2
• T&E marine mammal density ranked 3
• Sea Turtle SPUE ranked 3
• Shoals ranked 1
• Recreational fishing grounds ranked 1
• Commercial fishing grounds ranked 1
• Marine protected area ranked 1
• Shipping lanes (no rank)

• Avian Density ranked 2
• EFH ranked 2
• Marine mammal density ranked 1 & 2
• T&E marine mammal density ranked 2 & 3
• Sea Turtle SPUE ranked 1
• Commercial fishing grounds ranked 1 



Potential Impacts



Life Cycle of an Offshore Windfarm

~30 Years
Preconstruction Construction Operational Decommissioning

1 to 5 Years 1 Year 20 to 25 Years 1 Year



 

Site investigation, 
geophysical and 
geotechnical 
surveys 



 

Meteorological 
tower installation



 

Vessel traffic



 

Vessel traffic 


 

Foundation 
preparation and 
installation 



 

Tower and 
turbine 
installation 



 

Cable laying



 

Physical 
presence and 
operation of 
turbines



 

Vessel traffic


 

Electromagnetic 
field emissions



 

Vessel traffic


 

Turbine removal  


 

Foundation 
removal



 

Cable removal



Preconstruction Im
pacts



POTENTIAL IMPACTS – PRECONSTRUCTION/EXPLORATION
Artificial 
Habitat Lighting Disturbance

Ship 
Traffic* Noise

Substrate 
Loss Turbidity Contaminants

Turbine 
Collision

Avian Guilds
Scoters X X X X X

Loons X X X X X

Gannets X X X X

Gulls X X X X

Terns X X X X

Passerines

Marine Mammals & Sea Turtles
N. Atlantic Right 
Whale

X X X X X

Humpback Whale X X X X X
Minke Whale X X X X X
Fin Whale X X X X X
Bottlenose Dolphin X X X X X
Short-beaked 
Common Dolphin

X X X X X

Harbor Porpoise X X X X X
Harbor Seal X X X X X
Leatherback Sea 
Turtle

X X X X X X

Loggerhead Sea 
Turtle

X X X X X X

Fisheries Groups
Benthic  Nearshore X X X X

Benthic Offshore X X X X

Pelagic  Nearshore X X X X

Pelagic Offshore X X X X



C
onstruction Im

pacts



POTENTIAL IMPACTS -CONSTRUCTION
Artificial 
Habitat Lighting Disturbance

Ship 
Traffic* Noise

Substrate 
Loss Turbidity Contaminants

Turbine 
Collision

Avian Guilds
Scoters X X X X X X

Loons X X X X X X

Gannets X X X X X

Gulls X X X X X

Terns X X X X X

Passerines X X

Marine Mammals & Sea Turtles
N. Atlantic Right 
Whale

X X X X X

Humpback Whale X X X X X

Minke Whale X X X X X

Fin Whale X X X X X

Bottlenose Dolphin X X X X X

Short-beaked 
Common Dolphin

X X X X X

Harbor Porpoise X X X X X

Harbor Seal X X X X X

Leatherback Sea 
Turtle

X X X X X X

Loggerhead Sea 
Turtle

X X X X X X

Fisheries Groups
Benthic  Nearshore X X X X

Benthic Offshore X X X X

Pelagic  Nearshore X X X X

Pelagic Offshore X X X X



O
perational Im

pacts



POTENTIAL IMPACTS – OPERATIONS & MAINTENANCE
Artificial 
Habitat Lighting Disturbance

Ship 
Traffic* Noise

Substrate 
Loss EMF

Current 
Alteration

Turbine 
Collision

Avian Guilds
Scoters X X X X X

Loons X X X X X

Gannets X X X X X

Gulls X X X X X

Terns X X X X X

Passerines X X

Marine Mammals & Sea Turtles
N. Atlantic Right 
Whale

X X X X

Humpback Whale X X X X

Minke Whale X X X X

Fin Whale X X X X

Bottlenose Dolphin X X X X

Short-beaked 
Common Dolphin

X X X X

Harbor Porpoise X X X X

Harbor Seal X X X X

Leatherback Sea 
Turtle

X X X X

Loggerhead Sea 
Turtle

X X X X

Fisheries Groups
Benthic  Nearshore X X X X

Benthic Offshore X X X X

Pelagic  Nearshore X X X X

Pelagic Offshore X X X X



D
ecom

m
issioning Im

pacts



POTENTIAL IMPACTS - DECOMMISSIONING
Artificial 
Habitat Lighting Disturbance

Ship 
Traffic* Noise

Substrate 
Loss Turbidity Contaminants

Turbine 
Collision

Avian Guilds
Scoters X X X X X X X

Loons X X X X X X X

Gannets X X X X X X X

Gulls X X X X X X X

Terns X X X X X X X

Passerines X X

Marine Mammals & Sea Turtles
N. Atlantic Right 
Whale

X X X X X X

Humpback Whale X X X X X X

Minke Whale X X X X X X

Fin Whale X X X X X X

Bottlenose Dolphin X X X X X X

Short-beaked 
Common Dolphin

X X X X X X

Harbor Porpoise X X X X X X

Harbor Seal X X X X X X

Leatherback Sea 
Turtle

X X X X X X X

Loggerhead Sea 
Turtle

X X X X X X X

Fisheries Groups
Benthic  Nearshore X X X X

Benthic Offshore X X X X

Pelagic  Nearshore X X X X

Pelagic Offshore X X X X
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