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Executive Summary

In January 2015, the Bureau of Ocean Energy Management (BOEM) released-2@22017

Draft Proposed Program for oil and gas leasing on the outer continental shelf, which includes a
large area of the Atlantic. The release of this proposal was preceddahalyEnvironmental

Impact Statement in February 2014 and a July 2014 Record of Decision to consider permit
applications for seismic surveys in the Midd South Atlantic planning areas. These planning
areas are the focus for the geological and geophyaatavities (G&G), which, combined, stretch
from Delaware to central Florida and include 855,000 square kilometers of sea floor. The
renewed interest in oil and gas exploration in the U.S. Atlantic and steady pace of recent decision
making is significatecause the Atlantic has been off limits to oil and gas since 1982. The
species and habitats in these areas are essentially naive to the potential effects of seismic
exploration and there is substantial concern within the scientific community about the
environmental impacts of seismic surveys. In particular, cetaceans depend on sound in all
aspects of their lives, from communication to navigation, and some species are known to be
vulnerable to the effects of seismic surveys. THaty species of cetaceafise., whales,

dolphins, and porpoises) are found in these areas alone, six of which are endangered.

To protect cetaceans from negative impacts of seismic exploration and to make the best
management decisions possible, we need to know where they ad &n8y G KS& QNB (1 K SN
Systematic lingransect surveys are typically used to provide this information, which is especially
important at smaller spatial scales, such as the Bhd South Atlantic planning areas that likely

exhibit seasonal or intaannual wariability in species occurrence. The objectives of my project,

therefore, were to identify gaps in space and time of cetacean survey effort and to inform BOEM

of the needs for additional survey effort.

Methods

Cetacean survey effort tracklingseviously aggregated and standardized, were my primary
dataset. The dataset included 40 surveys from 1992 to 2014. The survey tracklines were
provided by the National Oceanic and Atmospheric Administration (NOAA), from the Southeast
and Northeast Fishes Science Centers, and the University of North Capivimington.

Surveys took place in 17 of the 23 years from two platforms, aerial (30 surveys) and shipboard
(10 surveys).

| used ArcMap 10.2 to create 25 %gnid cells, which | then used to defspatial survey

coverage in the Midand South Atlantic planning areas. When the dataset was corrected for
total effort, the tracklines were intersected with the grid cells and spatially joined on the
trackline length sum. | repeated this process fohesaason (Winter=December, January,
February; Spring=March, April, May; Summer=June, July, August; Fall=September, October,
November). To estimate how total linear survey effort changed with increasing distance from
shore, | used a 250 meter bathymetriaitmur (representing the shelireak) and the U.S.
Exclusive Economic Zone (EEZ) (200 miles offshore) to further divide the planning areas.



Results

Effort has not been consistent through the years. Seasonally, summer contained the highest
number of survegs and winter had the most linear survey effort. Fall had the fewest surveys and
least total linear effort. Spatially, hot spots of survey coverage are evident in two potential Navy
Undersea Warfare Training Range (USWTR) areas in Onslow Bay, NC avill@aékso

Significantly less survey effort occurred between the shelf break and the EEZ, and little to no
survey effort occurred outside the EEZ. Seasonal spatial gaps were also clear, particularly during
the fall.

Based on the results, | make two pripneecommendations:

1. Future surveys should be conducted during the fall in all areas;
2. Pelagic areas, especially areas outside of the EEZ, should be a priority for future survey
effort

Overall, as distance from shore increases, less survey effort ocdlessins known about the
occurrence of cetacean species. Considering that oil and gas exploration and development has
moved father offshore into deeper water in recent years, and that the proposed Atlantic lease
sale includes areas outside the EEZ, ise@attention needs to be focused in the pelagic areas,
particularly during the fall. Understanding spatial and temporal trends in cetacean use of the
Mid- and South Atlantic planning areas is critical to making informed management decisions
regarding samic exploration.
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Introduction

As human use of the ocean hasreasedand diversified, so has the level of sound
presentin the ocean (CBB012. Sound levels havesensteadily over the past 60 years
doubling every decad®RC 2003Elevated noise levels are driven by increased human
activities, includinghipping, constructiofdredging, pile drivingsonaroffshore energy (wind
turbines, oil and gas extraction), and seismic exploration 20BZ Despite its fareaching and
pervasive nature, noige not managed in the same maniearother pollutants at a national or
international level (Agardy et al. 200Mpevertheless here is a growing concern withineth
scientific community about increagjlevels of noisén the ocean and thbiological effect®f
this pollutant Fishsea turtles, and cetaceaase all negativelympacted by anthropogenic noise
(CBD 2012).

In 2010the Obama administration set its sights on the Atlantic forgactse oil and
gas extraction when Congradisected the Bureau of Ocean Energy Management (BOEM), the
federal agency responsible for conducting evaluation, planning, and leasing of offshore energy in
the U.S.to prepare arenvironmental impact statemen®resi&nt Obamaalsoproposed a lease
sale off the coast of Virginia for the 2012 to 20ffghore energyrogram but withdrew this
proposal after the Deepwater Horizdisaster in the Gulf of Mexico. In March 2012, BOEM
published their draft programmatic environmental impact statement (PEIS) for geological and
geophysicalG&G)activities, primarily seisméxploration, for the years 2013 through 2020
(BOEM 2012)The pocess progresse@pidlyas the National Oceanographic and Atmospheric
Administration (NOAA) issuediological Opinion required under the Endangered i8pect

(ESA) Section 7 findititat the proposed activities are not likely to jeopardize endangered



speciegNMFS 2013)he final PEIS, pudiied in February 2014, estimated tli&8,000 injuries
would occutto marine mammalas a result of G&G activitiganging from temporary hearing
changes to death, aralfurther13.5 million digirbances, includig changes to behavibke
feeding, mating, and communicatirgJEM 2014). BOEM released the Record of Decision
(ROD)n July 2014whichadoptedthe mitigation strategies proposed in the PBBOEM 2014b)
BOEM is now considering permit applicationgémlogical and geophysical activities; ten have
been submitted so faand could begin operating as soon as this year (20Mdst recentlyjn
January 201BOEM released its nextdiyear program plan whighcludesa large lease area in
the Atlantic(BOEM 2015)

The renewed interesh oil and gas ithe Atlantic and steady pace of decision making is
significant because the Atlantic has been off limits to oil ané)gasrationsince1982, so the
species and habitats in these areas are essgniilVe to the effects afeismic exploratiorthe
Mid- and South Atlantic planning areas are the foou&&Gactivities(seeAppendix A)The
combined areas stretch from Delaware to central Floridararidde855,000 square kilometers
of sea floorThirty-four species of cetaceans (i.e., whales, dolphins, and porpoises) are found in
these areas, six of which are endangenmeduding the bluéBalaenoptera musculydin
(Balaenoptera physalyssei(Balaenoptera borealishumpbackMegapteranovaeangliag
sperm(Physeter microcephalysnd North Atlantic right whaléBubalaena glacialis

The North Atlantic right whale population is currently estimated at around 450
individuals and its habitat ranges along émire Atlantic coastRightwhalesmigrate between
southern calving areaxf the coasts of Georgia and Florida to feeding areas in the Gulf of

Maine.Little is known about thexactmigraiory corridor along theoast but suitable habitdor



migrationhas been found to exterfdrther offshore than originalljhought (Schick et al. 2009).
Biologicdl Important Areas (BIAs) for cetaceans within U.S. waters have also been identified for
the East Coagt.aBrecque et al. 201,5hcludinghe North Atlantic right whale migratory

corridor and southeast cahg areaswhichoverlap wih the Mid and South Atlantic planning

areas TheNorth Atlantic right whales onlyone example of a species that coblelimpacted by

the introduction of seismic exploration in the Atlantic.

During sesmic surveysair gun blasts occur every i®20seconds, 24 hours peay,
sevendays pemweek, for weeks to months at a tinfidieukirk et al. 2004 Air gunglirect sound
into the seafloorand the soundks reflected lackto a towed hydrophone arragndprocessed to
identify potential oil and gas reservoi{idRC 2003)Seismic surveys are operated by towing an
air gun behind a ship with an array of hydrophones several kilometers long to record the
returned signalAir gungypically produce low frequengckiigh energy sound which travels easily
through water and can be heard thousands of miles away. Baleen whale vocalization and hearing
range diectly overlaps with theounds produced by seismic survefgouthall et al. 2007)
Nieukirk et al(2004) foundthat airguns fronvesselsnore than 3000 kilometers awaff the
coass of Canada, Africa, and Brazil, madleden whale calls recorded tire Mid-Atlantic
Ridge.

Cetaceans use sound in every aspect of the lives, from foraging to mating, and any
decreag in their ability to rely on the use of sound is potentially detrimental to their individual
fitness and overall population health (Richardson et al. 188pactsof noise on cetacearse
generally categazed as behavioral, acoustic,phrysiologicajNowacek et al. 2007Df most

concern are temporary or permanent hearing shifts, abandonmerdatmfat, disruption in



migration, feeding, anchating patterns, and masking of biologically important soundgect
effectsare also possible, suchdiminishedavailability of prey and increassdsceptibilityto
other hazards like predation and vessel collig@immonds et al. 2004)

The goabf this papelis notto summarize the effects of seismic surveys on cetaceans,
but there are many exampldéom decades of studigsee Richardson et al. 1995, Gordon et al.
2004, Nowacek et al. 2007, Weilgart 2007, CBD 2012 for revi@ar®) and Gagnon (2006)
found that fin and humpback whales stopped vocalizing across large areas, on the scale of
10,000 sqare nautical miles, during seismic\vays. Bowhead whales change tluing
behavior and respiration rateghen exposed to the sound air gungRobertson et al. 2013).
Stane and Tasker (2006) establtbat small odontocetes like harbor porpoises anchmon
dolphins move out of the immediasgeaduring seismic surveys aladge baleenvhales turn
away from the sound source amtrease their distanc&eismic surveys haaésobeena
concernin the strandings of beaked whalddajakoff 2002NRC 2003)raken together,
therefore, theseresponses are variabéand short termresponses may not represent the leng
term populationlevel impacts (Weilgart 2007).

Toprotect cetaceanfrom potential negative impacts geismic exploratioandto make
GKS 0Sad YIFIylFr3aSySyid RSOAaA2ya LRaarofSz: ¢
there. Linetransectsurveysaretypicallyused to provide this information, amol informrisk
assessmenmodelsand the developmerof mitigation measures. It especially important to
generate data on species occurrencsmialler spatial scalekdi the planning areas that likely

exhibit patterns oseasonal or inteannual variabilityThus, the objectives of my projegere to

w
w



identify spatial and temporajgps incetacean sumy effort in the Midand South Atlantic

planning areaand to help prioritize new surveys to fill those gaps.

Methods

Data

The primary datset used in mganalysisvascetacean survey effort tracklinesourced
from Roberts et alR015 The datasetontained 40 surveys from 99 to 2014 provided by
NOAA, from th&outheast and Northeast Fisheries Science Ce8EIRSC, NEF&@Y the
University of North Carolim@aWilmington(UNCW)Surveys took place in bthe 23 years from
two platform typesaerial (30 surveys) and shipboard (10 surv@ystimeframes of the
surveys variedeleven surveys spanned multiple yeN®e surveys had tracklines primarily
within the North Atlantic planning area aadlyincluded the tail end of the survey track in the
Mid-Atlanticplanning areal'en surveybad tracklinesompletely within the Midand South
Atlantic planning areas.

All otherreference data was downloaded from the internEteBOEMAtlantic planning
areasand 20172022 Draft Program Plan Atlantic lease and buffer wevenloaded from

h9aQa at:6vaviv.doBm.gov/Oland-GasEnergyProgram/Mappingand
Data/Atlantic.asphttp://www.boem.gov/20172022Map-LayerFiles). TheU.S. Atlantic
bathymetrydata was downloadefiitom Data.gov kttps://catalog.data.gov/dataset/eglorent-
u-s-atlanticeastcoastbathymetrycontourg. TheU.S Exclusive EBnomic Zone (EE&Rs
downloadedrom the U.S. Geological Surgkitp://coastalmap.marine.usgs.gov/GlSdata/

basemapdioundaries/eez/NOAMSeez_noaa.htin



Eleven of the surveys were eailed (ex: surveyname_left, surveyname_right) and were
therefore listed twice in the dataset. These surveys counted for half the effort of a regular (two
sided) survey because thbservers operatt independent of eacbther. To correct fosuch
variation ineffort, total trackline length of onsided surveys was divided in hdlfis correction
resulted in the total tracklinkength of the survey when both sides were added togethe
Because the obsengwere independenthe total trackline length for each side was not always
the same, butost waswithin 100 kilometersWith corrected survey effort, the total linear

trackline lengtHor cetacean survey effowtas 336,37&ilometes.

Analysis =~
Cetacean Survey Effortin the .
U.S. Mid- and South Atlantic k

| usedArcMap 10.4ESRI Data

Projection:
NAD 1983 UTM Zone 17N

2014)for all analysed projected the | ==

tracklines in NAD 1983 UTM Zone |
17N to calculate the length Imear
units. The tracklines wertlen
clipped to the planning areas
boundary(Map 1) | constructed 25
square kilometer grid celissing the

Fishnet tooto evallate spatial

coverage of theéracklines within the

Survey tracklines

planning areas. | chose this size

3 o 250 meter bathymetric contour
| 037575 150 225 300
1 - — s— lometers — EE7
1 0 25 50 100 150

200 ;
- Nautical Miles :] Planning areas

Map 1. Cetacean survey effort tracklines dataset clipped to &id
South Atlantic planngarea boundaries with 250bathymetric
contour and U.SxElusiveeconomicZone (EEZ)



0FaSR 2y . h9aQa a (alskeRleaNdblock sueh:Miwd.Bogri.dgoyIGHy (i
and-GasEnergyProgram/Mappingand-Data/Atlantic.aspx#GISTARILLElippedgrid ells were
also clipped to the planning areas boundaigtersected the tracklinesith the grid cellend
added a new fieltb the attribute table of thentersected tracklines called LENGTIéalculated
the geometry in kilometers and selected for tlieveys that were onsided. The LENGTidld

of the selectedurveys was divided by 2 to correct for effdtie grid cells and tracklines were
then spatidl joinedon the LENGT#tld sum wherthe grid ceb contaned the tracklines. The
output was the total length of linear survey effort in each grid talso split the full datasétto
seasondy selecting for month (WinteBecenber, January, February; SpriMgrch, April, May;
Summer=June, July, August; Bdistember, October, November)caithe same set of steps was
completed for each season.

To determine howthe total linear survegffort varied with distance from shofaner
limit to shelf break, shelf break to EEZ, EEZ to outer, limigrgedhe planning areas into one
polygon.l then selected for the 256 depth contour from the bathymetry shapefilEhe
Feature to Polygon tool failed to cut the polygon at the 250 meter cobexausehe 250
meter contour line was not soligd did not cross over the planning aseboundary othe
southern end, sbtraced over the contour line using the Cut Polygons tool in the Hditdioar
When the planning areas polygon was successfully cut, | clipped the original tracklines shapefile
to the new polygons, added a new LEN®@IH, calculagd field geometry in kilometers, and
correctedfor survey effort before taking the sum statistie@xported ammary statistics were
exported and compilethemin Microsoft Excel to produce graphs and tables of spatial and

temporal survey coverage.



Resuls

TemporalGaps

Effort has not been consistent throughout the years] there was ngurvey effort
during 7of the 23 year$1993, 1994, 1996, 1997, 2000, 2003, 2qe&ure ). The highest
number of surveys occurred in 1995 (seven), followed bgtimeysn both 2010 and 201A
recent decrease in survey coverage is due to the fact that some recent surveys are not yet

availableTherewere noshipboard surveys after 2005.

o Aerial = Shipboard

1] 1]

1992 1995 1998 1999 2001 2002 2004 2005 2007 2008 2009 2010 2011 2012 2013 2014

Figure 1 Number of surveys per yeafalues include any survey for which tracklines occurred in that year.

On a seasonal time scale, the highest number of surveys occurred in the summer and the
most linear survey effodccurred in the winter (Figure.20nly 16 surveys occurred exclusively
within one season, 15 in the summer and 1 in the wiftke fewest surveys and the least

amount of total linear survey effort occurred in the fall.
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Figure 2. Number of surveys per season.
As noted abovenot all surveys contained tracklirescurring in just one month, seasam,year.

The values in Figureae based on any survey containing tracklines praaghtat month, so

surveys wereounted more than once, and up to three times, in one season.
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32,661 32,871 33883 33,346
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20,244(19,855

16,073
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10,362

8,126
6,006
5,473 4530

1NN T

1992 1995 1998 1999 2001 2002 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure 3 Total linear survegffort (klometers) per year.
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113,172

97,508

81,904

43,785

WINTER SPRING SUMMER FALL

Figure 4. Total linear survey eff¢ktlometers)y seasorfWinter=December, January, February; Spring=March,
April, May; Summer=June, July, August; Fall=September, October, November).

A comparison between the number of surveys and total linear survey effort highlights the fact
that a higher number of surveys does not necessarily correspond to increased survey effort

(Figures 3 and 4).

Spatial Gaps

Results for all tracklines wemsapped to show the total linar survey effort per cell (Map
2). Overall, 39% of the cells have not been surveyed (with varying spatial representation because
not allcellsare full sizg Hot spots of survey coveragelude two potential Nawndersea
WarfareTraining Ranges (USWTR) in @n&lay, NC and Jacksonville, FL, which have been the
targets of dedicated survey effofithere haslsobeenconcentrated survey effortfbthe coast
of North Grolina,as well as South Carolina and Virginia, all of whadmisst completely

containlR g A GKAY . h9 a @dudgdio mMilizeSnuloptztisk SoNflidt, the
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20172022 Draft N2 ANI ¥V tflFyQa !'GflFryGagAao €tSFaSoe . 20K
of interest extend to the outer boundaries, whiletboverage of survey effort does ndhe EEZ
appears to be a limit for spatial survey effort.

On a seasonal basspatial gaps in survey effort become readily appadaip 3. There
is a lack in spatial coverage during e compared to more widespreadverage osurvey
effort during the summer. All seasons retain the hot spots of survey coverage in thR USWT
areas with the excepgbn of Onslow Bayhich is less prominem the winter and spring
Summer is the only ason in which survey effort regularly extends out to the EEZ, while the

majority of survey effort remains closer to shore during the spring, fall, and winter.

Table 1. Total linear survey effort as distance from shore increases; shoreward
boundary of planning areas to shelf break (approximated by 250m depth
contour), shelf break to Exclusive Economic Zone (EEZ), EEZ to offshore
boundary of planning areas.

Area Total Linear Survey Effort (km)
Inner limit to shelf break 263,078.98
Shelf break to EEZ 73,025.42
EEZ to outer limit 255.72

Table 1 shows the results of the analysis of the planning areas as distance from shore
increases. More than half of all linear survey effort occurred from three miles offshore (the inner
limit of the planningreas) to the shelf break. Outside the EEZ, very little survey effort has

occurred.These values reflect thresults of the analysis in Maps 2 and 3.

13
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Discussion and Recommendations

The onlyareas within the planning area boundariesvhichcetacean spatial and temporal
distributions are known with i@@asonable degreef corfidence are the two USWHReasThe
coast of North Carolinaas received a significant amount of attention from the scientific
community to better assesgtaceanoccurrencewhich accounts fasome ofthe concentration
of survey effort. Ovailll, there is littlesurvey effort as idtance from shore increases.

In summary, tie largest temporal gap daringthe fallmonthsand the largest spatial gap is
pelagic areas, especially outside the HBAill spatial and temporal survey effgeps,| make
two recommendation$or future surveys

1. Fall months should be emphasizadd
2. Pelagic areas, especially outside BEEZ, shoulae a priority

Asoil and gas exploration and developmerdvesfarther offshore into deeper water,
improvedknowledge of cetaceans in space &ntk in those areas outside the EBZrucial.
Additionally, the lase sale for the 203Z022program extends to the outer limits of the
planning areas to include the assautside the EEZ. As seen in the Atlantic Pending Surveys map
(Appendix B), the sshic surveys proposed in the submitted permit applications cover the whole
extent of the planning areas, with significant overlap around the outside boesdacluding
the outer limit. The implications of the introduction of these activities cannaillyesissessed
until areas otside the EEZ have received a reasonafleunt of survey coverage.

Giventhe spatial and temporal gaps of survey efttescribed hergl make another
recommendatiorrelated to theecology ofleep-divingcetacean specieSince seismic survey

effects are known to be particularly harmful for deep diving species that are typically associated

16



with deeper waters past the shdifeak like beaked whales and sperm whaksgyey &ort
should also focus on these speciefutnre surveysFurthermore, @spitethe extensive survey
coverage of nearshore wate there remains knowspecies gaps. For example, stranding data
informs us that pygmy and dwarf sperm whales are common in the U.S. Atlantic yet they are
very rarey sea during surveys (Read et al. 201Beaked whales are vulnerable to ndisg
identificationat the species level during surveggifficult which results in lumping ancégue
conclusions about their distributiq®chick et al. 20)1These cryptic species mE@ore
concentrated survey coverage to narrow estimates of population and distribution.

Some of the drivers of thespatial and temporal gaps survey coverage ameather and
funding constraintdf the primary cause for lack of survey effort from year to year and during all
seasons is funding, then a concerted effort from the government is needed to prioritize cetacean
research surveys in monetary appropriation to meet the needs described3eegraphic
biases also occulue to highly utized areas or a particular interest in an avea species (Kot
et al. 2010)This is evida in the high degree cfurvey effort in the USWTRs.

Furthermore, all survey platforms should be utilized includéniglashipboard, as well as
passive acoustic monitoring (PAM) (Kot et al. 201® .laclof shipboard surveyafter 2005
represens a missed opportunity for survey effort. Kot et al. (2010) found that using two or more
survey platforms provided more reggentativedata than only oneThe use of PAM is less
invasive and allows losigrm datasets to be recorded over a large area (Nieukirk et al. 2004). By
supplementing aerial and shipboard surveys with PAM, missed observations and cryptic species

can be acgunted for to the best of our ability.
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Other studies of survey effort coverage have been conducted but on a globdKssalener
et al. 2012)Therecommendationpresented herare important becawsthey provide a closer
look at survey effort coveragm a smaller spatial scale (i.e., M&l- and South Atlantic
planning areas) and for one particular order of species (cetac&umigk et a(2011)
recognized the need for morearine mammatlata, especially south of Capatt¢ras,in all
areas andeasonsKot et al. (2010fjpound that observations of marine mammals were highest in
the summer and records show#tk highest densitiesf effort close to shore with decreasing
amounts moving offshore, supporting the findings of this analysis.

Lastly, tle most straightforward method of seismic survey mitigation is to prevent overlap
with cetaceans in space and time (Weir and Dolman 2007). $gaipmral restriction®n
human activities, like seismic exploratiare seen as one of the most effective wiybalance
protection of speciesral the need for those activiti€dgardy et al. 2007)his is especially
importantgiven the number and severity effects of anthropogenic sound on cetaceans.
Understanding spatial and temporal trends in cetacearofifee Mid and South Atlantic
planning areas is critical to making informed management decisions regarding seismic

exploration.

Limitations and Future Directions
As pretously mentioned, not all surveys were included irdatgset. For example, the
Atlantic Marine Assessment Program for Protected Species (AMAPPS) surveys, a joint effort

between BOEM and NOAA, were conducted from 2010 to 2014 and the report from these
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surveys is due to be released in June 2015. The inchidioese surveys wiixpand spatial
and/or temporal coverage of survey effort.

The primary limitation of this analysis is the issue of detectability. Detectability is
summarized by the value of Effeet Strip Width (ESW), bow far away an observercaetect
an animal basedn platform and specie#\erial surveys, for example, have a smaller ESW and
are more likely to miss deep diving species. Shipboard surveys can cover a larger area, and large
whale species are easier to detect than small dolphip®goises. The map results take all
surveys in the dataset into account, regardless of platform and target species, which only gives a
relative comparison of survey effort in the planning areas. One kilometer of survey effort from a
ship will cover a dérent amount of area compared to one kilometer of survey effort from a
plane, especially if targeting different species.

Stronger results could be produced if ESW values were applied as a buffer around
tracklines based on platform and target species.bititer would represent the total area
surveyed and the percent of each grid cell surveyed could be calculateth&@surement of
absolute coverage. Another future direction is to quantify a linear amount of survey effort that is
needed in order for angiven area to be considered completely surveyed. This could be done by
using the results of the surveys and following the increase in effort within a cell until all species
that could be seen were observed. This would be useful because thareeistlyno published
standard for a minimum amount of survey effort that should be reached before management

decisions can be made.
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Appendix BBureau of Ocean Energy Management Atlantic Pending Seismic

Surveys
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