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Abstract 

Responsible offshore wind energy development requires addressing knowledge gaps of marine mammal distribution and response 
to wind energy development. Data collected by Protected Species Observers (PSOs) could help fill these gaps if they were used to fit 
species distribution models. However, because PSO data are not systematically collected, a critical exploration of their potential utility 
is needed. We reviewed PSO data collected during offshore wind geophysical surveys. Our intention was to compare predictions from 

two species distribution models—one model fit with systematically collected data and the second model fit with PSO data. However, 
developing a model using the PSO data was impossible due to data collection and reporting procedures. Therefore, we reframed our 
question to “What changes would be necessary for PSO data to be used to understand species distributions?” We compared PSO data 
with data collection fields recommended by US federal agencies and data collection requirements in Marine Mammal Protection Act 
Incidental Harassment Authorizations. We found PSO data collection fields and monitoring reports need standardization requirements. 
Our evaluation of PSO data revealed that publicly available PSO data are limited. We recommend making PSO data publicly available. 
If these recommendations are adopted, PSO data could help to fill knowledge gaps about marine mammal distribution. 
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Introduction 

In the United States (US), the offshore wind industry is rapidly 
expanding, with a Biden Administration goal of deploying 
30 gigawatts of offshore wind by 2030 (The White House 
2021 ). Currently, 27 offshore wind lease areas exist along 
the US East Coast ( https:// www.boem.gov/ renewable-energy/ 
state-activities ; Fig. 1 ). Additional areas have been identified 

for development offshore of the US East and West Coasts and 

in the Gulf of Mexico. These areas contain a diverse suite of 
marine habitats and species, including marine mammals, sea 
turtles, fish, and benthic species. To date, offshore wind en- 
ergy infrastructure has been developed primarily in European 

waters, which contain a different community of marine mam- 
mals than US waters. In particular, the marine mammal com- 
munities in US waters include baleen whales, which have a 
lower hearing threshold than the species predominantly found 

in European waters (Southall et al. 2019b ). This difference in 

hearing threshold has crucial implications for anticipating the 
impacts of pile-driving noise currently, a critical part of in- 
stalling fixed foundation turbines, on these animals. In addi- 
tion, several studies have documented the responses of marine 
mammals to noise to be context dependent; factors impacting 
marine mammal responses have included the species, demo- 
graphic class and behavioral state of the animal, and ecologi- 
cal factors (Ellison et al. 2012 , Southall et al. 2019a , 2021b ).
Therefore, while some of the effects of offshore wind energy 
© The Author(s) 2024. Published by Oxford University Press on behalf of Interna
article distributed under the terms of the Creative Commons Attribution License 
reuse, distribution, and reproduction in any medium, provided the original work 
evelopment on marine mammals may be transferrable from 

uropean waters, the possible effects of offshore wind energy 
evelopment on marine mammals in the US remain unclear 
Kraus et al. 2019 ). Potential effects of wind energy devel-
pment on marine mammals include auditory damage, dis- 
lacement, increased risk of ship strike, behavioral disruption,
tress, and habitat alterations that preclude the aggregation of 
rey species (Bailey et al. 2010 , Hastie et al. 2015 , Brandt et
l. 2018 , Allison et al. 2019 , Kraus et al. 2019 , Degraer et al.
020 , Southall et al. 2021a ). To responsibly develop offshore
ind energy, we need to better understand the effects of wind

nergy development and find solutions for mitigating any neg- 
tive effects. 

Although US waters are typically well surveyed for marine 
ammals (Kaschner et al. 2012 ), many gaps remain in our
nowledge of marine mammal distributions and populations,

ncluding responses to the construction and operation of wind 

nergy (Southall et al. 2021a ). A workshop that brought to-
ether over 430 stakeholders from the offshore wind industry,
overnment agencies, non-profit organizations, and academia 
oncluded that the highest immediate priority for understand- 
ng the effects of wind energy on baleen whales, odontocetes,
nd pinnipeds was estimating habitat use, distribution, and 

bundance in areas designated for offshore wind energy and 

dentifying the environmental variables driving these patterns 
Southall et al. 2021a ). 
tional Council for the Exploration of the Sea. This is an Open Access 
( https:// creativecommons.org/ licenses/ by/ 4.0/ ), which permits unrestricted 
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Figure 1. BOEM Wind Planning and Lease Areas for the US East Coast. The inset shows the Massac huset ts and Rhode Island and Massac huset ts Wind 
Energy Lease Areas (MA/RI WEAs), which were the focus for our study. The box within the inset is the region covered by the systematic aerial surveys 
conducted by the New England Aquarium. Depth is in meters. 
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Data collected by Protected Species Observers (PSOs; also
eferred to as Marine Mammal Observers or MMOs) can po-
entially help fill these knowledge gaps. PSOs are used world-
ide to monitor for protected species occurrence and imple-
ent mitigation measures during anthropogenic activities that
ave the potential to impact species that are protected under
ational laws [e.g. the US Marine Mammal Protection Act
MMPA)]. PSOs also function as data collectors because they
ecord species sightings and environmental data. Internation-
lly, data collected by PSOs have been used to expand our
nowledge of marine mammal distributions and populations.
or example, in the eastern tropical Atlantic Ocean, PSO data
ave been used to gain insight about the distribution of data-
oor species, such as pygmy killer whales ( Feresa attenuata )
nd Fraser’s dolphins ( Lagenodelphis hosei ) (Weir et al. 2013 ).
SO data have also been used in classification trees and princi-
al component analyses to understand cetacean habitat pref-
rences in data-poor waters between Gabon and Angola (Weir
t al. 2012 ). 

In the US, PSO data collection requirements were assessed
uring a workshop organized in 2008 by multiple federal
gencies (Baker et al. 2013 ). Workshop participants con-
luded that a lack of national standards resulted in varia-
ions in PSO training, performance, and reporting (Baker et
l. 2013 ). More recent reviews of PSO data reached simi-
ar conclusions. For example, a review of PSO data collected
uring seismic survey activities to support oil and gas de-
elopment in the Gulf of Mexico identified a lack of data
tandardization, variations in report structure and file type,
nd errors in data entry (Barkaszi and Kelly 2018 , 2024 ).
n international review of PSO data collected on seismic sur-
eys in the Gulf of Mexico, West Africa, and Australia also
ound inconsistent data formatting (Milne 2019 ). While as-
essing the effectiveness of trained US Navy lookout teams
or detecting marine mammals and comparing their effec-
iveness to that of MMOs, Oedekoven and Thomas (2022)
oted that significant time was required to thoroughly re-
iew and clean MMO data due to inconsistencies in data
ecording. They recommended that standardized MMO data
ollection and recording protocols be implemented and reg-
lar exploratory analyses be conducted to improve data
uality. 
The PSO data collected during offshore wind energy de-

elopment activities can potentially contribute to our under-
tanding of marine mammal distribution and habitat use pat-
erns before, during, and after wind energy development activ-
ties. However, there are important differences between data
ollected by PSOs and data collected by observers on system-
tic surveys (e.g. surveys designed to estimate the abundance
f species). For example, systematic surveys are designed to
nsure equal survey coverage throughout the study area, and
ndustry surveys that use PSOs are designed to optimize explo-
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ration of oceanographic features of interest (e.g. potential oil 
and gas deposits, seafloor characteristics, etc.). The primary 
roles of PSOs are to monitor for protected species and im- 
plement mitigation measures when protected species are de- 
tected. PSOs have to balance data recording responsibilities 
with observing, while systematic surveys often have a desig- 
nated data recorder. Additionally, the number of PSOs used 

on a survey may be less than the number of observers on sys- 
tematic surveys, and PSOs are often required to monitor a 
larger area in comparison to observers on systematic surveys 
(i.e. 360 

◦ versus 180 

◦ or 90 

◦). Finally, PSOs can only record 

the information they observe at the time of the sighting and 

cannot approach animals. Approaching animals is frequently 
part of the methodology used on systematic surveys. Compar- 
isons between data collected when animals are and are not ap- 
proached have found that not approaching animals increases 
the difficulty of identifying species and estimating group size 
(Schwarz et al. 2010 ). It can also reduce time for observing 
animal behavior and taking photographs to identify species or 
individuals, document species found outside of typical ranges,
etc. 

Species distribution models are often the analysis tool of 
choice to fill knowledge gaps regarding marine mammal dis- 
tribution. However, because PSO data are not systematically 
collected, a critical exploration of the potential utility of PSO 

data in species distribution models is needed. To fully under- 
stand the potential benefits and limitations of PSO data, we 
reviewed PSO data collected during offshore wind geophys- 
ical surveys in the Massachusetts Wind Energy Area and the 
Rhode Island/Massachusetts Wind Energy Area, hereafter col- 
lectively referred to as MA/RI WEAs ( Fig. 1 ). We selected the 
MA/RI WEAs because systematic surveys for marine mam- 
mals occurred during PSO data collection in this area. Our ini- 
tial intention was to build two species distribution models—
one model fit with the systematically collected data and the 
second model fit with the PSO data—and compare the predic- 
tions. However, we quickly realized that building a model us- 
ing the PSO data would not be possible due to the current data 
collection and reporting procedures (details discussed below).
Therefore, we reframed our scientific question from “Can PSO 

data be used in species distribution models?” to “What would 

be required for PSO data to be used to fill knowledge gaps 
about species distribution and habitat use?” To answer our 
question, we began with a review of the PSO data and the 
reporting requirements (the “PSO Data Collection and Re- 
porting Requirements in the MA/RI WEAs” section). We then 

compared the data collection fields that were recommended 

as a result of a US federal agencies workshop (Baker et al.
2013 ) and current data collection requirements in MMPA In- 
cidental Harassment Authorizations (IHAs), which are issued 

by the National Marine Fisheries Service (NMFS). We also 

compared the recommended data collection fields (Baker et al.
2013 ) to the data presented in publicly available PSO monitor- 
ing reports to determine whether the recommended data fields 
were collected and whether they were collected in a consistent 
format [the “Comparing Baker et al. (2013) PSO data collec- 
tion recommendations with IHA requirements and submitted 

PSO data (i.e. PSO monitoring reports” section)]. Finally, we 
compared the PSO data with systematically collected cetacean 

data from the same study area (i.e. the MA/RI WEAs) and 

time period (the “Comparison between PSO and systemati- 
cally collected aerial survey data” section). We conclude with 

recommendations that if adopted would increase the utility 
f PSO data to fill gaps in our knowledge of marine mammal
istributions (the “Recommendations” section). 

SO data collection and reporting 

 equir ements in the MA/RI WEAs 

n 2012, the Bureau of Ocean Energy Management (BOEM) 
esignated the MA/RI WEAs for offshore wind energy devel- 
pment ( Fig. 1 ). As of November 2023, the MA/RI WEAs con-
ained nine leases. Site assessment (geophysical and geotech- 
ical) surveys to assess benthic and geologic conditions in the

ease areas and along export cable routes have been conducted 

ince 2017 and continue to be conducted. Some of the geo-
hysical survey methods (e.g. high-resolution geophysical sur- 
eys utilizing a suite of hull-mounted and towed acoustic sens-
ng equipment) may produce sound that has the potential to
take” (e.g. harass or harm) protected species. IHAs may be 
ssued by NMFS for geophysical surveys to authorize the in-
idental taking of marine mammals via Level B harassment,
hich is defined as disturbing a marine mammal by disrupt-

ng behavior patterns, such as migration, breathing, nursing,
reeding, feeding, or sheltering. PSO monitoring and report- 
ng requirements are defined by NMFS in IHAs, which are is-
ued to an offshore wind energy developer for up to one year
nd may be renewed. PSO monitoring and reporting require- 
ents may also be conditions of BOEM leases, which remain

n place for the duration of the lease (e.g. 20–30 years). We
ocus on the shorter-term PSO requirements established in the 
HAs because the monitoring reports required by IHAs are the
nly publicly available source of PSO data. 
To understand PSO data collection requirements, we 

eviewed the IHAs issued for geophysical surveys in the 
A/RI WEAs between 2017 and 2022. We downloaded 

he IHAs from the NMFS Incidental Take Authorization 

ebsite ( https:// www.fisheries.noaa.gov/ national/ marine- 
ammal- protection/incidental- take- authorizations- other- 

nergy- activities- renewable ) in October 2022. Since 2017,
HAs have been issued in all nine lease areas in the MA/RI

EAs. Several of the nine lease areas had multiple IHAs be-
ause survey activities spanned multiple years. We were able 
o download and review 14 IHAs ( Table 1 ). Each IHA con-
ained a section of monitoring requirements, which included 

eneral requirements for PSOs, data fields to be collected 

uring watches, and data fields to be collected when a marine
ammal was sighted. All of the IHAs issued for geophysical

urveys in the MA/RI WEAs between 2017 and 2022 required
 minimum of one PSO to maintain 360 

◦ visual coverage
round the survey vessel from the highest available vantage 
oint during daylight hours. Visual observations could be 
onducted using binoculars, reticulated binoculars, naked eye,
ight-vision binoculars, infrared camera technology, or some 
ombination of methods. Regardless of the method used,
SOs were required to estimate distances to sightings. The 
ualifications required for PSOs changed between 2017 and 

022. In 2017, the IHAs required the use of NMFS-approved
SOs. From 2018 to 2022, requirements were added that 

ncluded prior field experience on marine mammal vessel or 
erial surveys, submission of PSO resumes to NMFS, and 

ompletion of an approved training course. In 2020, the 
HAs also specified that PSOs should not perform any tasks
hat would interfere with their monitoring and mitigation 

asks. 

https://www.fisheries.noaa.gov/national/marine-mammal-protection/incidental-take-authorizations-other-energy-activities-renewable
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Table 1. Number of IHAs and subdivided PSO monitoring reports for the Massac huset ts and Rhode Island Wind Energy Areas that contained data fields 
recommended by Baker et al. ( 2013 ). 

Recommended data fields (Baker et al. 2013 ) 
Required by 

IHAs ( n = 14) 

Included in PSO 

monitoring reports 
( n = 39) 

Example data formats from PSO 

monitoring reports 

Survey data fields 
Vessel name 4 39/39 
Date 14 39/39 MM/DD/YYYY, YYYY-MM-DD 

Time 14 8/39 Coordinated universal time, local, and 
presumed local based on sighting notes 

PSO names and affiliations 13 30/39 Sometimes only PSO affiliation were given 
without individual names 

Survey type (e.g. site, 2D, 3D, 4D, etc.) 14 39/39 Geophysical and geotechnical surveys 
BOEM permit number (for “off-lease” geotechnical and 
geophysical survey) or OCS lease number (for “on-lease”
G&G surveys) 

14 39/39 OCS-A-XXXX 

Time (greenwich mean time) when survey (observing and 
activities) began and ended 

14 6/39 Coordinated Universal Time 

Vessel location (latitude/longitude) when survey (observing 
and activities) began and ended 

14 3/39 Decimal degrees 

Vessel heading and speed (knots) 13 6/39 Degrees (vessel heading), knots (vessel 
speed) 

Environmental conditions while on visual survey, including 
wind speed and direction, Beaufort sea state, Beaufort wind 
force, swell (height in meters/feet), weather conditions, ice 
cover (% of surface, ice type, and distance to ice if 
applicable), cloud cover, sun glare, and overall visibility to 
the horizon (in distance, kilometers/miles). 

14 31/39 Beaufort sea state: 1, 2, 3, etc.; weather: 
clear, cloudy, fog, etc.; visibility: numeric 
(km) or word definition (P = poor 
[ < 1 km]; M = moderate [1–5 km]; 
G = good [ > 5 km]) 

Factors that may be contributing to impaired observations 
during each PSO shift, recorded during each shift change or 
when conditions change (e.g. vessel traffic, equipment 
malfunctions). 

13 23/39 Written description 

Geotechnical and geophysical activity information, such as 
the number and volume of airguns operating in the array, 
tow depth of the array, and any other notes of significance 
(i.e. pre-ramp-up survey, ramp-up, power-down, shut-down, 
testing, shooting, ramp-up completion, end of operations, 
streamers, bottom cables, ocean bottom seismometers, etc.). 

13 39/39 Written description 

Sightings data fields 
Watch status (sighting made by PSO on/off effort, 
opportunistic, crew, alternate vessel/platform, aerial, land) 

13 6/39 On watch, off watch-Incidental Sighting 

PSO who sighted animal 13 6/39 Last name, first name 
Time of sighting 14 17/39 UTC, local, and presumed local based on 

sighting notes 
Vessel location at time of sighting 14 9/39 Decimal degrees; degrees, minutes, and 

seconds; degrees and decimal minutes 
Water depth 13 9/39 Feet, meters 
Direction of vessel’s travel (compass direction) 13 8/39 Degrees (compass direction) 
Direction of animal’s travel relative to vessel (drawing 
preferred) 

10 10/39 Written description (i.e. parallel to vessel, 
heading toward vessel, etc.) 

Pace of animal 10 6/39 i.e. sedate, resting, moderate, etc. 
Estimate distance to the animal and its heading relative to 
vessel at initial sighting 

13 15/39 Meters (distance), degrees (heading) 

Identification of the animal (genus/species/sub-species, 
lowest possible taxonomic level, or unidentified); also note 
the composition of the group if there is a mix of species 

14 17/39 Common names, scientific names (i.e. 
family, genus, and species) 

Estimated number of animals (high/low/best) 14 17/39 High/low/best, best only 
Estimated number of animals by cohort (adults, yearlings, 
juveniles, calves, group composition, etc.) 

14 12/39 Sometimes only partial age classes (i.e. 
adults only, juveniles only, adults and 
juveniles, etc.) 

Description (as many distinguishing features as possible of 
each individual seen, including length, shape, color, pattern, 
scars or markings, shape and size of dorsal fin, shape of 
head, and blow characteristics) 

13 11/39 Written description—depending on size of 
box in spreadsheet and number of notes; 
notes may get cut off, making it impossible 
to read full contents 

 

i  

i  

r  

t  

c  

(  

t  

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/advance-article/doi/10.1093/icesjm
s/fsae076/7687943 by PN

N
L Technical Library user on 13 June 2024
Requirements for recording specific data fields were also
ncluded in the IHAs for the MA/RI WEAs. These data fields
ncluded metadata (e.g. vessel name, dates of departure and
eturn, port name, and lease number), environmental condi-
ions while surveying (e.g. Beaufort sea state, swell height,
loud cover, sun glare, and visibility to the horizon), effort data
e.g. when the survey began and ended, when the PSO moni-
oring began and ended, and the vessel heading and speed at
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Table 1. Continued 

Recommended data fields (Baker et al. 2013 ) 
Required by 

IHAs ( n = 14) 

Included in PSO 

monitoring reports 
( n = 39) 

Example data formats from PSO 

monitoring reports 

Detailed behavior observations (e.g. number of blows, 
number of surfaces, breaching, spyhopping, diving, feeding, 
traveling; as explicit and detailed as possible; note any 
observed changes in behavior) 

14 12/39 Written description—depending on size of 
box in spreadsheet and number of notes; 
notes may get cut off, making it impossible 
to read full contents 

Animal’s closest point of approach (CPA) and/or closest 
distance from the center point of the airgun array 

13 12/39 Meters 

Platform activity at time of sighting (e.g. deploying, 
recovering, testing, shooting, data acquisition, other) 

11 13/39 Written description (i.e. transit, soft start, 
testing, full power, deploying/retrieving, 
coring, sampling, silent, standby) 

Description of any actions implemented in response to the 
sighting (e.g. delays, power-down, shut-down, ramp-up, 
speed or course alteration, etc.); time and location of the 
action should also be recorded 

13 25/39 Written description (i.e. delay, shutdown, 
none) 
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the beginning and end of PSO effort and any time the ves- 
sel heading or speed changed), and survey activity informa- 
tion (e.g. power output by the acoustic source while in opera- 
tion, tow depth of an acoustic source, etc.). In 2022, additional 
metadata fields were also required, including vessel location at 
30-s intervals, water depth (if available), PSO location on the 
vessel, and height of PSO observing platform above the wa- 
ter surface. When a species was sighted, IHAs required PSOs 
to record data such as the time, vessel location, water depth,
species identification, estimated number of animals, distance 
and bearing to the sightings, animal behavior, survey activity,
and a description of any mitigation actions implemented. The 
data field formats (e.g. units) typically were not specified in the 
IHAs. For example, IHAs did not specify the units for latitude 
and longitude data until 2022, while units for data pertain- 
ing to water depth or distance to the sighting have never been 

specified. 
The IHAs required the submission of a monitoring report 

via email to the Permits and Conservation Division of NMFS 
within 90 days of completion of authorized activities or ex- 
piration of the IHA. Following a review period, the Permits 
and Conservation Division posts the reports online. The fol- 
lowing information is required in the monitoring reports: PSO 

observation methods; data summaries (format not specified); 
estimates of the number of marine mammal takes during sur- 
vey activities; and an assessment of the effectiveness of mon- 
itoring and mitigation measures (methods not specified). The 
IHAs also required that PSO data sheets were submitted with 

the monitoring report in 2020, and this requirement was ex- 
panded in 2022 to include geo-referenced, time-stamped ves- 
sel tracklines for all time periods acoustic sources were oper- 
ating. We downloaded all available monitoring reports asso- 
ciated with each respective IHA from the NMFS Permits and 

Conservation Division website. As of October 2022, 10 mon- 
itoring reports summarizing survey activities in the MA/RI 
WEAs from 2017 through 2022 were available for download 

(A.I.S. Inc. 2018 , 2020 , Bay State Wind 2019 , Smultea Envi- 
ronmental Sciences 2020 , EPI Group 2021 , Marine Ventures 
International, Inc. 2021 , Valencia et al. 2021 , Milne 2021a ,
2021b , 2022 ). Three IHAs were still active at the time mon- 
itoring reports were downloaded. One IHA had been closed 

for 90 days, but the report was not publicly available on the 
NMFS website as of October 2022. Reports could be miss- 
ing for multiple reasons, including IHA renewal or ongoing 
review of reports. It is the responsibility of NMFS, not the de- 
elopers or PSO providers, to make the reports publicly avail-
ble. 

omparing Baker et al. (2013) PSO data 

ollection recommendations with IHA 

 equir ements and submitted PSO data (i.e. 
SO monitoring reports) 

e compared the data collection fields that were recom- 
ended as a result of a US federal agencies workshop (Baker et

l. 2013 ) and data collection requirements in IHAs issued for
eophysical surveys in the MA/RI WEAs. We then compared 

he recommended data collection fields (Baker et al. 2013 ) to
he data included in the PSO monitoring reports. Baker et al.
 2013 ) was used as a comparison because it contains PSO data
ollection field recommendations for geophysical and geotech- 
ical surveys to improve the PSO programs and data collec-
ion efforts. It also represents the only standardized list of rec-
mmended PSO data fields. 
Monitoring reports were available as portable document 

ormat (PDF) files. Some monitoring reports were subdivided 

y vessel or survey period. The vessel or survey period infor-
ation was contained in the body of the report or submitted

s separate attachments or appendices. We treated each ves- 
el and survey period as a unique subdivision of the monitor-
ng report, which resulted in a total of 39 subdivided reports
onsidered in our review. Twenty-three of these subdivided re- 
orts referenced data in an appendix that was not attached to
he report, and we recorded these data as missing. Three of
he subdivided reports contained redacted information. The 
emaining reports contained data in a variety of formats (e.g.
aps, tables, text summaries, photos, etc.) as discussed be- 

ow. Although the IHAs require that PSO data sheets or raw
ata (sightings data) are submitted with the monitoring re- 
orts, they do not specify a repository for these data and do
ot contain any provisions for making the data publicly avail-
ble. Neither the reports nor the NMFS website contained in-
ormation about how to obtain these data. 

The data collection fields that were recommended in Baker 
t al. (2013) appear to have been largely adopted in the IHAs.
f the 14 IHAs we reviewed, eight contained 28 of the 29
ata fields recommended by Baker et al. ( 2013 ; Table 1 ). In
ight of the 14 IHAs, all of the recommended data fields per-
aining to species sightings were included. In contrast, only 
hree of the 39 subdivided monitoring reports contained all of
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he recommended data fields ( Table 1 ). While the data fields
ay be missing because they were not required in the spe-

ific IHA associated with the respective monitoring report, we
ound a larger issue in the data fields contained in the moni-
oring reports. For many reports, it was difficult to determine
hether the data fields required by the IHAs had been col-

ected because the data were represented in multiple formats.
or example, sightings of animals were presented as points on
 map or in a table that summarized each sighting in a row
nd had columns that represented each sighting data field. We
lso found variability in the data format and units within and
etween reports ( Table 1 ). For example, we found differences
n the recording of sighting times (e.g. Eastern Daylight Time,
oordinated Universal Time, or an unspecified time zone), the

atitude and longitude of the ship when a sighting occurred
e.g. decimal degrees; degrees, minutes, and seconds; or de-
rees and decimal minutes), bearing (e.g. degrees or hours on
 clock), and group size estimates (e.g. best estimate versus
est, high, and low estimates). We also found that informa-
ion about whether the PSO was on effort at the time of a
ighting was not typically included in the reports. 

All of the monitoring reports included tables summarizing
he number of hours of PSO effort and 11 of the 39 subdivided
eports contained maps of lines surveyed. More detailed effort
nformation (i.e. ship latitude and longitude recorded at 30 s
ntervals) was not included in any of the subdivided reports;
owever, we were not able to review any of the monitoring
eports from IHAs issued in 2022 when this data became a
equirement. This requirement to record effort at consistent,
egular intervals when a PSO is on effort is important and will
ncrease the potential for PSO data to contribute to filling gaps
n our knowledge of marine mammal distributions because it
rovides a record of where PSOs searched for animals but did
ot observe any. 
Environmental conditions (e.g. visibility, glare, the presence

f rain or fog, Beaufort sea state, etc.) are frequently recorded
uring systematic surveys because these conditions affect the
robability of detecting animals. For example, data collected
n higher Beaufort sea states ( > 5) are often excluded from
bundance estimation or species distribution models because
he probability of detecting an animal is lower when Beaufort
ea state is higher [e.g. Becker et al. (2012) ]. Baker et al. (2013)
ecommended recording a suite of environmental conditions
t the beginning and end of PSO shifts and whenever condi-
ions changed. All 14 IHAs required the collection of these
ata ( Table 1 ). The monitoring reports generally contained
ummaries of environmental conditions, such as the amount
f effort conducted in different conditions or conditions asso-
iated with sightings. 

omparison between PSO and systematically 

ollected aerial survey data 

lthough geophysical surveys related to offshore wind devel-
pment have occurred in lease areas along the US East Coast,
e focused on the MA/RI WEAs because of the spatial and

emporal overlap between data collected by PSOs and data
ollected during systematic aerial surveys conducted by the
ew England Aquarium for marine mammals ( Fig. 1 ). The

erial surveys have occurred in the MA/RI WEAs and sur-
ounding waters since 2011 (Stone et al. 2017 ). Line-transect
ethods are used during the aerial surveys and include ob-

erver sightings on each side of the plane and automated aerial
hotography on the transect line. These surveys have col-
ected over 1000 cetacean sightings on more than 75 000 km
f transect lines (Stone et al. 2017 ). The aerial survey data
ave been used to estimate species abundance and seasonal
istribution patterns in the MA/RI WEAs and surrounding
egion (Stone et al. 2017 , O’Brien et al. 2022a ). The high-
st cetacean abundance estimates occurred in the spring and
ummer months (O’Brien et al. 2022a ), with the exception
f North Atlantic right whales ( Eubalaena glacialis ), which
ad the highest abundance estimates in the winter and spring
O’Brien et al. 2022b ). The surveys have documented an in-
rease in right whale abundance and an increase in the time
ight whales spend in this area since 2017 (O’Brien et al.
022b ). 
Exploring how the sightings data collected by PSOs com-

ared to sightings data collected during these systematic aerial
urveys was only possible at broad spatial (i.e. the entire aerial
urvey study area and areas that were covered by PSOs dur-
ng transit and along cable routes) and temporal (i.e. sea-
ons across multiple years) scales; finer resolution compar-
sons were not possible due to the coarse level of detail in
he PSO data available in the reports. For example, the spa-
ial domain of the PSO data was larger than the aerial sur-
ey data (aerial survey domain shown in black box in Fig. 1 ).
owever, we were unable to clip the PSO data to the aerial

urvey region because location data were lacking for much
f the PSO data. In addition, a seasonal temporal resolution
as the finest possible resolution. Only 25 of the 39 subdi-

ided reports contained the date a sighting was made; sight-
ngs without reported dates could not be allocated to a year
r season and were not used in this analysis. Therefore, we
inned the sightings data into four seasons across all years
hat had both aerial surveys and geophysical surveys (i.e.
017–2021): winter (January–March), spring (April–June),
ummer (July–September), and fall (October–December). We
omposed a list of eleven cetacean species detected by aerial
urveys conducted between 2017 and 2021 ( Table 2 ). Ten
etacean species were observed by PSOs. No season had com-
lete alignment between the species seen during the aerial sur-
eys and the species observed by PSOs. For example, dur-
ng the winter season, bottlenose dolphins ( Tursiops trun-
atus ), harbor porpoise ( Phocoena phocoena ), and minke
hales ( Balaenoptera acutorostrata ) were only seen during
erial surveys, while in the summer and fall seasons, Atlantic
hite-sided dolphins ( Lagenorhyncus acutus ), sperm ( Phy-

eter macrocephalus ), and sei whales ( Balaenoptera borealis )
ere only seen by PSOs ( Table 2 ). During the winter, spring,

nd summer, more species were observed during aerial surveys
han by PSOs ( Table 2 ). In the fall, more species were observed
y PSOs than during aerial surveys ( Table 2 ). 

ecommendations 

here are a range of potential effects from offshore wind en-
rgy development on the suite of marine mammal species in
S waters; the impact of some of these effects is currently un-
nown (Kraus et al. 2019 ). Gaps in our knowledge of ma-
ine mammals include habitat use, distribution, abundance,
nvironmental variables driving or associated with distribu-
ion patterns, and responses to the construction and opera-
ion of wind energy (Southall et al. 2021a ). We assessed the
otential for PSO data to contribute to filling these gaps. Our
ssessment was limited to publicly available PSO data. Al-
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Table 2. Comparison of seasonal species sightings made by PSOs and New England Aquarium aerial surveys in the Massac huset ts and Rhode Island 
Wind Energy Areas between 2017 and 2021. 

Winter Spring Summer Fall 

Species Name ESA listing PSO 

Aerial 
survey PSO 

Aerial 
survey PSO 

Aerial 
survey PSO 

Aerial 
survey 

Bottlenose dolphin ( T. 
truncatus ) 

None No Yes ∗ Yes Yes Yes Yes Yes Yes 

Fin whale 
( Balaenoptera 
physalus) 

Endangered Yes Yes Yes Yes Yes Yes Yes Yes 

Harbor porpoise ( P. 
phocoena ) 

None No Yes ∗ No Yes ∗ Yes Yes Yes Yes 

Humpback whale 
( Megaptera 
novaeangliae ) 

None Yes Yes Yes Yes Yes Yes Yes Yes 

Minke whale ( B. 
acutorostrata ) 

None No Yes ∗ Yes Yes Yes Yes Yes Yes 

Pilot whale 
( Globicephala sp.) 

None No No No Yes ∗ No No No No 

North Atlantic right 
whale ( E. glacialis ) 

Endangered Yes Yes Yes Yes No Yes ∗ Yes Yes 

Common dolphin 
( Delphinus delphis ) 

None Yes Yes Yes Yes Yes Yes Yes Yes 

Sei whale ( B. borealis ) Endangered No No Yes Yes Yes Yes Yes ∗∗ No 
Sperm whale ( P. 
macrocephalus ) 

Endangered No No No Yes ∗ No Yes ∗ Yes ∗∗ No 

Atlantic white-sided 
dolphin 
( Lagenorhynchus 
acutus ) 

None No No No Yes ∗ Yes ∗∗ No No No 

Total 4 7 7 11 8 9 9 7 

Spring = April, May, and June; Summer = July, August, and September; Fall = October , November , and December; Winter = January , February , and March. 
∗ denotes species sighted by only aerial surveys in that season. 
∗∗denotes species sighted by only PSOs in that season. 
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though it is possible that reports and sightings data could 

be acquired by directly contacting wind energy developers,
NMFS, or BOEM, we used publicly available data to ensure 
our assessment was representative of the steps that could be 
taken by any researcher attempting to use these data. As a 
result of our review of PSO data, we recommend (1) stan- 
dardizing requirements for the format of PSO data collec- 
tion fields, (2) standardizing the format of PSO monitoring 
reports, and (3) making PSO sightings and effort data publicly 
available. 

Reviews of PSO data collected around the world have rec- 
ommended standardization of PSO data collection to maxi- 
mize the utility of the resulting data sets (Baker et al. 2013 ,
Barkaszi and Kelly 2018 , 2024 , Milne 2019 , Oedekoven and 

Thomas 2022 ). We also found that standardized requirements 
are needed for the format of PSO data collection fields and 

for the data included in PSO monitoring reports to maximize 
the utility of PSO data. We found that the IHAs required a 
consistent set of data fields to be collected during geophysical 
surveys in the MA/RI WEAs. However, the IHAs did not spec- 
ify requirements for the monitoring reports or the formats in 

which the data fields should be recorded. We found that the 
data included in the monitoring reports varied extensively and 

there was wide variation in the format of the data that was 
presented. The lack of standardized requirements for the mon- 
itoring reports made it difficult to determine whether the data 
fields required in the IHAs were collected. In particular, the 
data fields required in the IHAs were not always included in 

the data summaries provided in the monitoring reports. When 

data fields were included in the monitoring reports, we found 
hat they were recorded in multiple formats both among the
onitoring reports submitted for different leases and within 

 report for a single lease. Although it is possible to write a
rogram to standardize the data fields, this solution would 

e inefficient and time consuming. For example, our review
uggests that up to 39 programs would be required to stan-
ardize data formats for the MA/RI WEAs (i.e. one for each
f the subdivided reports). Given that the IHAs already re-
uire specific data fields to be collected, collecting these data
n a specified format should not reduce the ability of PSOs to
onduct monitoring and mitigation. 

Maximizing the utility of PSO data also requires that the
ightings and effort data be made publicly available. Cur- 
ently, there are two issues with the availability of the sight-
ngs and effort data. First, the data are not stored in a publicly
ccessible repository. While the raw effort data from surveys 
sing PSOs may be proprietary, there are multiple ways to pro-
ide these data in a format that protects confidential business
nformation. For example, the confidentiality of exact vessel 
racklines could be maintained by making effort data pub- 
icly available as summaries of effort within grid cells or by
aking subsampled effort data publicly available (e.g. effort 
ata recorded every two minutes could be extracted from ef-
ort data collected at 30 s intervals). Second, the data that are
vailable would have to be manually extracted from the PSO
onitoring reports, which are available as PDFs, to use these
ata in a scientific analysis because the raw data are not posted
nline. PSO data should be made available in a file format (e.g.
 text or csv file) that can be automatically imported into sta-
istical software packages (e.g. the R environment, Python). 
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The lack of data available in the PSO monitoring reports
everely limited our ability to compare the PSO data collected
n the MA/RI WEAs with systematically collected survey data.
pecifically, the only comparison possible between the data
ets was whether the same species were seen at broad spatial
i.e. the MA/RI WEAs and surrounding waters) and temporal
i.e. seasons across multiple years) scales. Even at these coarse
cales, we found differences in the species observed. The differ-
nces between the species observed cannot be explored with-
ut access to PSO survey effort, which was only shown as
aps of tracklines surveyed in a few of the monitoring reports,

nd sighting locations, which were not included in all moni-
oring reports. For example, differences in species observed
ould be the result of differences in the amount of PSO survey
ffort and effort during the systematic surveys. In particular,
igher systematic survey effort, compared to PSO effort, in the
inter could result in more species being seen during the sys-

ematic surveys. Additionally, higher systematic survey effort,
ompared to PSO effort, could increase the probability of de-
ecting species on systematic surveys that are rare in the survey
rea, such as pilot ( Globicephala sp.) and sperm whales. 

If these three recommendations (i.e. standardizing require-
ents for the format of PSO data collection fields, standard-

zing the format of PSO monitoring reports, and making PSO
ightings and effort data publicly available) are adopted, PSO
ata could help to fill gaps in our knowledge about marine
ammal habitat use in areas where wind energy develop-
ent is occurring. To ensure practicality and implementation,

hanges to PSO data collection, formatting, and reporting
hould include input from interested parties, including ma-
ine resource managers, data collectors, and database devel-
pers. Adoption of these recommendations would also enable
uantitative comparisons between PSO data and systemati-
ally collected survey data, which would allow for further im-
rovements to PSO data collection. An effort to review stan-
ardization and data management protocols for PSO data col-

ected globally and aligning US protocols with global proto-
ols would increase the potential utility of PSO data collected
n the US. Wind energy development is rapidly expanding in
S waters, making it important to ensure these recommenda-

ions are adopted without delay to help fill knowledge gaps
bout marine mammals. 
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