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1. Introduction

The United States (U.S.) NayMavy)is responsible for compliance with federal laws and
regulations that apply to the marine environment and marine species, including but not limited
to, the Endangered Species Act (ESA), the Marine Mammal Protection Act (MMPA), the
National EnvironmentaPdicy Act, and Executive Order 12114. Specifically, and for the

purposes of this document, Executive Order 12114 applies to the Global Commons (High Seas),
the Foreign Nation Exclusive Economic Zone, and within Foreign Nation Territorial Seas. The
ESA and he MMPA apply to the Global Commons (High Seas). As such, Navy military
readiness activities that can occur on the high seas, Foreign Nation Exclusive Economic Zones,
and Foreign Nation Territorial Waters throughout the globe necessitate an assessisieandf r
potential impact to protected marine mammals and sea turtles.

The Navy Marine Specid3ensityDatabase (NMSDD) is the authoritative source of marine

species density data maintained by the Navy. These data comprise multiple sources and quality
levels and are used as inputs to the Navy Acoustic Effects Model to determine the number of
potenti al incident al ifitakeso of protected spe

To evaluate potential environmental impacts to marine species in retiiemsavy applies a

ranking scheme to guideelection of the best density maps from those avai(&ere 1).

Where no density estimatesist the Navy uses global extrapolations (Departmehiasfy

2012) derived from relative environmental suitability models (Kaschner et al. 2006). The relative
environmental suitability models currently supporting risk assessmentsNiottieast Atlantic

are coarsely scaledata deficientand are becomingcreasingly outdated here is a need to

begin development of spatially explicit density models of cetaceans in the tegiopport
continuedrisk assessments on a fgxercise basis and fpotentialfuture environmental

compliance efforts in the region.
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Figure 1. Phase Il NMSDD hierarchy for data inclusion.

2. Material and Methods
2.1. Study Area

Atthepr oj ect 6s i ncept i on lethatdainebdtedthg exient af the studyd
area and defined polygsnepresenting regions aiterest Figure 2). We further extended this
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study arato the north and south given data availability in these areas that could improve habitat

models(Figure 3). Starting with these features, we defined the spatial extent of our analysis, as

follows.

Given the lack of survey data in the Southwestern corner of the original study area, and the
tendency of inil models to extrapolate unrealistic densities in that area, we decided to remove
it by cropping the study area to more tightly fit the spatial extent of the surveys available,

resultingin the final study area ahown inFigure 4.
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Figure 2. Navy delineated areas.

Note: The green areas are the higher priority blocks for the NEwy.pink areas are the lower priority blocks for
the Navy.
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Figure 3. Navy delineated areas.

Note: The green areas are the higher priority blocks for the Navy. The pink areas are the lower priority blocks for

the Navy. The blue areas are the extended North and South blocks.
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Figure 4. New study area: Navy delineated areas plus extended areas, cropped at the southwest corner
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2.1.1. Characteristics of the Study Area

The Study Aredor the Commander Naval Forces Europe (NAVEUR)/Commartti&ieset
(C6F)(Figure 5) comprises a large part of the Northeastern Atlantic Ocean-88W to 66°E
and 90°N to 10°S. The study area is mainly characterized by narrow continental sleelpes,
waters on either side of the Matlantic Ridge, and extensive abyssal plalhgcludes
approximately 230 seamounts, 420 canyons, and 140 rikigesn to affect the distribution of
pelagicspeciesincluding cetaceandAussi et al2014; Tepsich et al. 2014; Fiori et al. 2D14
Key bathymetric features within the study area include the Reykjanes Ridge, the-Ghizbke
Fracture Zone (GFZ), and theMid-Atlantic Ridge Figure 6). The GGFZ is the largest
geological fault in the northern Midtlantic Ridge between Iceland and the Azoidse fracture
spans 2000kilometers km) in the eastvest direction and provides the only deep water and
faunal exchange between themheastaind NorthwestAtlantic (Priede et al. 2013This area
defines a mixing zone where warm, nutrient poor water from the souts nwe nutrientich
water from the north.
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Figure 5. Full study area.
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Figure 6. Bathymetric map of the study area, highlighting key features including the Reykjanes Ridge,
Charlie-Gibbs Fracture Zone andMid -Atlantic Ridge.

TheNAVEUR/C6F Study Area is located within the Northeast Atlantic Ocean and is dominated
by deep oceahasinsexcept along the continental shdlhe flow of water in the Atlantic is
predominately from west to east and circulation is driven by the North Atlantic Drift Current
(NADC). The NADC is a slowmoving body of warm wategnextension of the Gulf Stream,
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that covers a large part of the eastern subpolar North Atlantic up to the Nordic Seas. It feeds the
northward Norwegian current and the southward Canary currents with warm saline water
(Bischof et al. 2003)Higure 7). The formation of North Atlantic deep water is one of the

driving forces for thermohalingrculationof the world's oceans (Johnson et al. 2002)
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Figure 7. Major warm and cold currents of the North Atlantic Ocean (Image: Encyclopedia Britannica, Inc;
Gordon and Cenedese 2031

Primary productivity in the Atlantic increases from south to north. South of 40°N the yearly
production $ about 4%rams () carbon/m (surface) and there is little variation through the
year. North of 40°N the production is twice as high (90 g carbépémyear) and peaks during
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summer (Johnson et &002. Southwest of Icelandhe primary production isven higher
however, most of the area is oligotrophic (<100 g carbdmpamyear) (Johnson et al. 2002).

Phytoplankton biomass and primary production have marked seasonal cycles in the study area.
Phytoplankton blooms are primarily initiated in winter and spring by wind stress, causing mixing
and nutrient upwelling to surface layers. Upwelling of nutrierds atcurs at eddies.

2.1.2. Definition of the Spatial Extent of the Study Area

First, appropriate study area extents were ex
extent of the study area based on the proportion of land in each giideteled as 30 100%).

For each land proportion percentage we defined grid cells as belonging to one of four categories

(0 = classified as land, covariate present; 1 = classified as water, covariate present; 2 = classified

as land, covariate absent; 3lassified as water, covariate absent) and subsequently examined
covariate availability for dynamic environmental covariases surface temperat(®ST), sea

surface salinitfSSg, andchlorophyll CHL).For each | andf pdopaoagdt comad
we cal cul at ed tehfef opretroc etfetltimmogi@thigntbell detihiteom

category This allowed us to makelmlancediecisionbetweemrmaximizingthe quantity of

inshoreon-effort tracklines retainetbr analysis ananinimizing thenumber ofgrid cells that
lackeddynamic covariate values, and thus would reqthiose values to be extrapolat¥de

ultimately definel the final study area grid for obtaining covariafiesth static and dynamiend

making predictionbased on a 60%overage critedn (Figure 8).

Finally, we projected the subdivided study area to a custom WGS 1984 Albers Equal Area
coordinatesystemand gridded it ito 10 x 10 km square cells. The parameters of this custom
coordinate system are as follows:

WGS 1984 Albers CNETNAVEUR/C6F
Datum WGS 1984

Projection: Albers

False Easting: 0.0

False_Northing: 0.0

Central Meridian -16.0
Standard_Parallel_1: 30.666666866
Standard_Parallel_2: 59.3333333333
Latitude Of _Origin: 45.0

This 10 km spatial resolution represented a compromise between resolutions of available
covariate products, which ranged fr@® arc seconds (approximately 500 meters [m]) t6°0.2
(approximately25 km).
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r

Figure 8. Zoomed in example showing the 8® coveragecriteri on nearshore

Note: Blue indicates the area designated as 'study area'waitgr) given theriterion and red indicates areas
designated agritebdnandé given the
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Thesurfaceareas of the finadtudy aredlocks are shown iable 1 (units insquare kilometers
[km?]).

Table 1. SurfaceArea of the Study Area Blocks (in square kilometers km?])

Area SurfaceArea (km2)
NAVEUR/C6F09 Focus 699,500
NAVEUR/C6F 10 Focus 938,900
NAVEUR/C6F11 Focus 140,400
NAVEUR/C6F02 Focus 2,972,800
NAVEUR/C6F04 Focus 966,600

TOTAL FOCUS 5,718,200

NAVEUR/C6F11 nonFocus 233,300
NAVEUR/C6F01 nonFocus 2,740,600
NAVEUR/C6F03 nonFocus 1,281,000
NAVEUR/C6F04 nonFocus 636,000

TOTAL NONFOCUS 4,890,900

North 3,230,900

South 869,100

TOTAL EXTRA 4,100,00

TOTAL 14,709,100

2.1.3. NAVEUR/C6F Marine Mammal Species

Thirty-sevencetacearspecies regularly occur in tiMAVEUR/C6F Study Areg all recaded in

one or more of the databases fromphgectcollaboratorgTable 2 andTable 3). The Navy

provided us with a marine mammalegies lisfor the Northeast flantic, indicating the level of

priority of each species based on their ranking associated with the risk assessment process. This
list was used to prioritize the species to be modeled. The Navy agreed that only species
categorized a¥hreatened & Endanged (Under the ESA& International Union for

Conservation of NaturdJCN]) and Mid-frequency Active SonaMFAS) Sensitiveand Deep

Diving Speciesvould be modeled for this round. However, not all species in these groups could
be modeled due to either sinshmple size (e.g., Bowhead whale, North Atlantic right whale,

and pygmy sperm whale) or insufficient time t
and longfinned pilot whale).
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Table 2. MNAVEUR/C6F marine mammal species present in the study area and identified in ti¢tAVEUR/C6F Risk Assessment Priority Species list

for the Navy.
Scientific Name Common Name EZ@SSUCN Navy Priority Modeled
Balaena mysticesu Bowhead whale EN/EN 1- Threatened & Endangered (ESA & IUCN) N
Balaenoptera borealis Sei whale EN/EN 1- Threatened & Endangered (ESA & IUCN) Y
Balaenoptera musculus Blue whale EN/EN 1- Threatened & Endangered (ESA & IUCN) Y
Balaenopterghysalus Fin whale EN/NT* 1- Threatened & Endangered (ESA & IUCN) Y
Eubalaena glacialis North Atlantic right whale EN/CR* 1- Threatened & Endangered (ESA & IUCN) N
Megaptera novaeangliae Humpback whale EN/LC 1- Threatened & Endangered (ESAIRCN) Y
Physeter macrocephalus Sperm whale EN/VU 1- Threatened & Endangered (ESA & IUCN) Y
Globicephala melas Longfinned pilot whale --[LC** 2 - MFAS Sensitive and Deep Diving Species N
Grampus griseus Risso's dolphin --[LC** 2 - MFAS Sensitive and Deep Diving Species N
Hyperoodon ampullatus Northern bottlenose whale --IDD 2 - MFAS Sensitive and Deep Diving Species Y
Kogia breviceps Pygmy sperm whale --/DD 2 - MFAS Sensitive and Deep Diving Species
Mesoplodon bidens Sowerbyds beakec-/DD 2 - MFAS Sensitive and Deep Diving Species Yrrx
Mesoplodon densirostris Blainville's beaked whale --/DD 2 - MFAS Sensitive and Deep Diving Species Yrrx
Mesoplodon europaeus Gervaisbdb beaked -/DD 2 - MFAS Sensitive and Deep Diving Species Yrrx
Ziphius cavirostris Cuvier's beaked whale --[LC** 2 - MFAS Sensitive and Deep Diving Species Y
Phocoena phocoena Harbor porpoise --IVU* 3 - MFAS Sensitive (Shallow Diver) Species N

Note: EN = Endangered; CRGritically Endangered; NT= Near Threatened; LC = Least Concern, VU = Vulnerable; DD = Data Deficient; MFAS-reifliéncy
Active Sonar; Y = YesN = Na
* International Union for Conservation of Nature (IUCN) European Region designation is more vesthiati global designation, i.e., Glohal, EuropearNT
** [UCN Global designation is listed, the European Designation is DD
*** Modeled as a guild
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Table 3. MNAVEUR/C6F marine mammal species present in the study area and within identified in tldAVEUR/C6F Risk Assessment NoiPriority

Species list
Scientific Name CommonName ESA/IUCN Navy Priority Modeled
Status
Balaenoptera acutorostrata Minke whale --/LC 4 - Low-Frequency Cetaceans N
Delphinapterus leucas Beluga whale --/IDD 5 - Mid-Frequency Cetaceans N
Delphinus delphis Shortbeaked common dolphin  --/LC** 5 - Mid-Frequency Cetaceans N
Lagenorhynchus acutus White-sided dolphin --/LC** 5 - Mid-FrequencyCetaceans N
Lagenorhynchus albirostris White-beaked dolphin --/LC 5 - Mid-Frequency Cetaceans N
Monodon monoceros Narwhal -/LC 5 - Mid-Frequency Cetaceans N
Orcinus orca Killer whale --/DD 5 - Mid-Frequency Cetaceans N
Pseudorca crassidens Falsekiller whale --INT 5 - Mid-Frequency Cetaceans N
Stenella coeruleoalba Striped dolphin --[LC** 5 - Mid-Frequency Cetaceans N
Tursiops truncatus Bottlenose dolphin --[LC** 5 - Mid-Frequency Cetaceans N
Balaenoptera edeni Brydeds whal e --[LC** N/A N
Feresa attenuata Pygmy killer whale --/LC** N/A N
Globicephala macrorhynchus  Shortfinned pilot whale --/LC N/A N
Kogia simus Dwarf sperm whale --/LC** N/A N
Mesoplodon mirus True's beaked whale --/DD N/A N
Peponocephala electra Melon-headed whale --[LC** N/A N
Stenella attenuata Pantropical spotted dolphin --[LC** N/A N
Stenella clymene Clymene dolphin --[LC** N/A N
Stenella frontalis Atlantic spotted dolphin --/LC N/A N
Stenella longirostris Spinner dolphin --/LC N/A N
Steno bredanensis Roughtoothed dolphin --/LC N/A N

Note: NT= Near Threatened; LC = Least Concern, DD = Data Deficient; ESA = Endangered Spedi#a Adilot available information on the Navy
** [UCN Global designation is listedhe European Designation is DD
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2.2. Survey Data Processing

The study identified2,013,271km of on-effort tracklinesconductedy many teamsnder the
auspices 0R2 surveyororganizations with whom we established collaborat{@able 4).

Starting fromcollaboratorspecific text files, spreadsheets, and databases, we transformed all
survey data into a common format, imported it into Excel spreadsheets, and manually reviewed
and cleaned each day of survey effort. While all collaborators utilized generally similay sur
protocols, the dateollectedby, and format used hyach collaborator differed, requiring
collaboratorspecific treatments in all caseédl collaboratorsutilized satellite global positioning
systemssowe were able to reconstruct survey trackljrmg the degree of precision depended

on how frequently dateollaboratorgeported positions. In general, most aerial surveys reported
positions several times per minute, with some as frequently as every 4 seconds. Most shipboard
surveys reported positis several times per hour, with some as frequently as once per.minute

All collaborators reported the minimum information necessary to estimate density via distance
sampling methodology (Buckland et al. 2001), including the time, location, species, apd gro
size of the sighting, as well as the perpendicular distance to the animal(s) from the trackline or
the information needed to calculate this distance. Most collaborators also reported one or more
covariates related to the probability of making a sightsugh as an assessment of the sea state,
presence of sun glare, water turbidity, and so on. When such covariates were reliably recorded,
we retained them and utilized them in detection modeling (described in the following sections).

After all surveys wer@rocessed, we aggregated all survey transects where observers were
reported to be Aon efforto and split them int
in length, matching the spatial resolution of the analygisfirst split the tracklines whever

the detection covariates changadd then split each resulting section using the approach of

Roberts et al. (2016). That is, for each survey, we first iterated through the sequence of points

that defined the transects, finding sections of contingangey effort, defined as a sequence of

effort points for which there were no affort gaps of 1 hour or more and no stretch of 7.5 km

for which onethird or more of it was oféffort. We then split each continuous section into

equallength oneffort sggments, as follows.

First, we computed the number of segments, n, for the continuous section by dividing its length
by 10 km using integer division. Then, if the remainder was less than 5 km, we split the
continuous section into n eqdahgth segments glintly longer than 10 km. Otherwise, we
increased the number of segments by 1, resulting in n+1-Eqgh segments slightly shorter

than 10 km. For example, a 22 km continuous section would be split into 2 segments of 11 km,
while a 25 km continuous sémt would be split into 3 segments of 8.3 km.

For the period for which data was availa883 2018, this segmenting procedureasapplied
to all surveysresulting ina mearsegmentength of 8 km (SB= 3.4 km), a maximum length of
15 km, and a minimuriength of 0.06 km. Of these, 12,432 were less than 1 km long (4.9%).
The mean of &m per segments is lower than the target okihQprobably because tlamalysis
first splitthe tracklinesvhen detection covariatebanged, leavinghany tracks shorter than 10
km. Combining all surveys yielded 251,615 segments.

November 202115



Final ReporiDevelopment of Exploratory Marine Species Density Models iNAWEUR/C6FStudy Area

Table 4. List of collaborators in this project and the areas for which they provided data.

Collaborator

CompleteName

Area Covered

AZTI
BDRI
CEAMAR
CEMMA

CIIMAR

CIRCE

CSIC (ICM &
EBD)

DCCAE & U.C.
Cork

DOP/UAC

EIBE

GINR

IEO

IMR

MFRI

Museu da Baleia
SECAC

SMRU

U. Aarhus
U. Aveiro

U. La Rochelle /
Pelagis

U. Hannover
Natural Sciences
WUR

AZTI, Spain

Bottlenose Dolphin Research Institute, Spain

Cetaceans and Marine Research, Canary Islands, Spain
Coordinadora para el Estudio de los mamiferos marinos, Spain
Interdisciplinary Center of Marine and Environmental Research,
Portugal

Conservation Information and Research on Cetaceans, Spain

Centro Superior dlvestigaciones Cientificas, Spain

Department of Communications, Climate Action & Environment,
Ireland
University College Cork, Ireland

Departamento de Oceanografia e PesthsVersity of the Azores
Euskal I1zurde eta Balezaleen Elkartea, Spain

Greenland Institute of Natural Resources, Greenland

Spanish Institute of Oceanography, Spain

Institute for MarineResearch, Norway

Marine and Freshwater Research Institute, Iceland

Museu da Baleia, Madeira, Portugal

Soc. para el estudio de los cetaceos en el Archipiélago Canario, S

Sea Mammal Research Unit, St Andrews University, Scotland

Institute of Bioscience, Aarhus University, Denmark
Aveiro University, Portugal

University of La Rochelle, France

Hannover University, Germany
Royal Belgian Institute of natural Sciences, Belgium
Wageningen University & Research, Netherland

Bay of Biscay
NW Spain
Canary Islands
Bay of Biscay

NW Africa & Portugal
& Islands

St. of Gibraltar & Gulf
of Cadiz

St. of Gibraltar & Gulf
of Cadiz

Ireland

Azores

Bay of Biscay
Greenland

Bay of Biscay
Norway

Iceland & Faroes
Madeira Islands
Canarylslands

NE Atlantic & North
Sea

Denmark
Portugal

Bay of Biscay

Germany
Belgium
Netherland

2.3. SurveyData Summary

2.3.1.

Overview of Effort Data

We incorporated lindransect surveys fro@2 survey organizationsl@ble 4). Line-transect
surveysrepresente@,013,271km of effort, of which480,561km wascollectedby aerial surveys
and1,531,82%m by shipboardurveys(Table 5). Aerial andshipboardsurvey effortareshown
in Figure 9 andFigure 10.
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Table 5. Regions,years,and effort covered bythe collaborators.

Collaborator Platform Region Years E(fkfr?]r)t
AZTI Ship Bay of Biscay 2016,2017,2018 18,942
BDRI Ship North WestSpain 2014’2015’2016’22%1178’ 7,502
CEAMAR Ship Canarias 2017 4,512
CEMMA Ship Bay of Biscay 2015 24,668

. . 2012,2013,2014,2015,
CIIMAR Ship North WestAfrica 2016,2017 188,577
2001,2002,2003,2004,
. Strait of Gibralta & Gulf 2005,2006,2007,2008,
CIRCE Ship of Cadiz 2009,2010,2011,2012, 44753
2013,2014
DCCAE Ship Ireland 2015,2016 4,441
1999,2000,2001,2002,
DOP/Uac Ship Azores 2003,2004,2005,2006, 511,494
2013,2014,2015
EIBE Ship Bay of Biscay 2003,2004,200c 10,726
. Gulf of Biscay (N Iberian
IEO Ship Peninsula Cantabrian Sea 2007,2008 417,603
IMR Ship IcelandFaroese 2001 393,056
. . : 2002,2003,2004,2005,
Museu da Baleia Ship Madeira 2006,2007,2008 15,790
Norway IMR Ship North EastAtlantic_ridge 2004 3,001
SECAC Ship Canary Islands 2002 84,762
SMRU Ship North EastAtlantic 2005 40,579
SPVS Ship Portugal 2011,2012 5,483
2003,2004,2005,2006,
. . . . 2007,2008,2009,2010,
University La Rochelle Ship Bay of Biscay 2011.2012.2013.2014, 187,455
2015,2016,2017,2018
. . : 2002,2003,2004,2005,
Museu da Baleia Aerial Madeira 2006,2007,2008 21,690
CEMMA Aerial Bay of Biscay 2015 906
DCCAE Aerial Ireland 2015,2016 37,674
. : 2008,2009,2010,2011,
DEPONS Aerial Belgium 2012,2013 158,491
GINR Aerial East Greenland 2015 5,889
1986,1987,1988,1995,
. 2001,2003,2004,2005,
MFRI Aerial IcelandFaroese 2007.2008.2009.2015, 94,107
2016
SMRU Aerial North EastAtlantic 2005 73,776
SPVS Aerial Portugal 2011,2012 21,057
WUR Aerial Netherlands 2017 6,337

TOTAL 2,013,271

November 202137



Final ReporiDevelopment of Exploratory Marine Species Density Models iN\EUR/C6FStudy Area

Study Area
[ Complete study area

Study Area
[ Complote study area

Effort tracks. Effort tracks

20°N e Aerial on effort tracks, 20°NA —— Aerial on effort tracks
May to October -20'N November to April l-20'N
10°N- 10°N-
T
20w 0w 40°W 30°W

Study Area
1 Complete study area

Study Area
1 Complete study area

Effort tracks Effort tracks

——— Ship on effort tracks 20'n —— Ship on affort tracks

20'N-
May to October LN f NovembertoAprii il og
10°N 10°N
T T T T
40°W 30°W o 40°W 30°W

Figure 9. Tracks on effort for shipboard (c and d) and aerial (a and b) surveys for the months May to
October (orange) and November to April(blue) for the whole period 1983 2018.
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Figure 10. Tracks on effort from all platforms during May -October (left, orange) and November to April
(right, blue) for the whole period 1983- 2018.

In terms of interannual survey coverage, survey efiadreased significantlfrom 2001
onwards with a few previous yeassith largereffort too (19871989 and 1995corresponding to
early yeardargeNASS surveygFigure 11).

Seasonallythe amount of survey effort was larger in summer, particularly in Budyie 12).

After exploration of the spatial coverage of each month, the availability of data, and the spatial
coverageof the dynamic covariates to be tested in the models, it was decided to restrict the
modeling to the months May to Octol{€igure 10, left).
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Figure 11 Total survey effort (kilometers) per year available in the entireNAVEUR/C6F Study Area for the
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Figure 12. Total survey effort (kilometers) per month available in the entire NAVEUR/C6F Study Area for

the 1983 2018 study period
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Giventhe interest of the Nawhat we focus the analysis tme most recent dgtandthatthe
majority of the dynamienvironmental covariates weagailablestarting in1998 with some
starting in1994 it was decided that, whever possible given the available data per species,
modds would be restricted the period 1998 2018 (Figure 13, right). However, f the models
improvel substantiallyby addirg the data from 994 to 997 (i.e, modeling the period 1994
2018 Figure 13, left), then this expansiomasconsidered. It was decidgdowever, to not use
the datgorior to 1994in this modeling exercis&eeSection 2.7.1for more information on the
covariates selection that prompted this decision.

Study Area
[ Complete study area

Study Area
[ Complete study area

Effort tracks.

Effort tracks.

e All on effort tracks
May to Octobor  f-20'N
1998 - 2018

e All 0n effort tracks 20°N
May to Octobor  f-20'N
1994 - 2018

T T T T T T
05w 30°W i z [ 05w 30°W i z [

Figure 13. Tracks on effort from all platforms during May -October for the period 1994- 2018 (left) and 1998
- 2018 (right).
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2.3.2. Overview of SightingsData

The incorporated lingransect surveys provid@¥,480on-effort sightingsfor 39 cetacean
speciesAdjusting thescope of the analyste the six months selected for tipioject(May to
October) yielded76,686sightings 0f37 speciesAfter discarding the sightingbat lacked
necessary lindransectatato be usabléthose without group size or perpendicular distance data
or wereduplicatel between primary and secondary platfoynasd sightingsollected in
conditionsconsideredinreliable forsurveying(sea statgreateithan5 on the Beaufort scale,
visibility lessthan 0.3 km o r t h esubgedtigassessmantiosconditions being
funacceptabl@or fivery poob), a total 0f69,732sightingsof 37 speciesemained in the
database. Of thesg8,585werefully taxonomicallyidentified (to the species levglwhile 508
were either unidentifieesoplodots or unidentified beakedhales.The remainingl0,639
records weréoo taxonomicallyambiguousto beused in the density models

Table 6 talliesthe sightings othe fully -identified speciesand the twambiguougaxathat were
considered fomodeling both for the entiréime span of the datasetnd the two more recent
periodsfor which dynamic covariates were availablbée percentage columns shbew much
of the d&a of a givertaxonis retainedwhen restricting the temporal span of the used data.

Harbor porpoisénot shown inTable 6) was by far the most frequentsighted species, followed
by shortbeakedcommondolphin, minke whalgand fin whalgthe first two not shown iffable

6 eithel). Sightings were generally most numerous in summer months, reflecting the large
amount of effort in these months

Habitatbased density models were developed for 10 species/guildslimgl

1 Large baleen whales
o Bluewhales
o Finwhales
0 Seiwhales
o Humpback whales
1 Deep divers
0 Sperm whales
Cu v i =akédsvhales
Sowerbybds beaked whal es
Northern bottlenose whales
All MesoplodontgB 1 ai nvi | |,e 6%0 weGelrwéas ,ablle aked whal
unidentifiedMesoplodonts
All beaked whalegxceptnorthern bottlenose whalall MesoplodontsCuviers
beaked whalesand unidentified beaked whales)

O O O0Oo

o

Maps ofsightingdistributions for eacbf the modeledpeciesfor the three groups of yeaesge
provided inAppendix A.

The finalsightingsused for each specigsgether with the effort trackare shown irFigure 14

to Figure 23. Thefinal rangeof yearsto be used for each species was decided after inspection of
results for both periodse considered (1992018 and 1992018) Only the finalrange of years

we selecteds presented heffer each species/guild
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Table 6. Usable sighings in the data set for three groups of yearduring May to October. The % columns
represent the percentage of all the sightings remaining in each group of yea@nly the species considered for
modeling are shown in this table

1983201¢ 19942018 19982018

Species 19832018 1994201¢ 19982018 (%) (%) (%)
Bl ainvill eds b 28 28 28 100 100 100
Blue whale 113 100 85 100 88 75
Brydeds whal e 100 100 100 100 100 100
Cuvierds beake 297 297 297 100 100 100
Dwarf spermwhale 4 4 4 100 100 100
Fin whale 6,164 5,554 4,894 100 90 79
Gervais6 beake 22 22 22 100 100 100
Humpback whale 2,773 2,417 1,846 100 87 67
Northern bottlenose whale 559 412 378 100 74 68
Pygmy sperm whale 9 9 9 100 100 100
Sei whale 681 427 346 100 64 52
Sowerbyobs beak 65 65 60 100 100 92
Sperm whale 3,073 2,705 2,355 100 88 77
UnidentifiedBalaenoptera 450 377 352 100 84 78
Unidentified beaked whale 263 249 248 100 95 94
UnidentifiedMesoplodon 245 245 245 100 100 100
TOTAL 14,846 13,011 11,269 100 88 76
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Blue whale - 1994-2018
Effort and observations of animals for May to October

Group size
o 1

0:
O«

30°W 20°W 10°W 0
Figure 14. Final dataset used in the density models fdslue whales (19942018).

Note: The size of the dots represstite recorded group sizes. Survey tracklines are showiadk Depth contours
are shown for DO0Om and 2000 m.
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Fin whale - 1998-2018
Effort and observations of animals for May to October

Group size
o1
(o Rt
O 22

L1 1600km
30°W

Figure 15. Final dataset used in the density models fdin whales (198-2018).

Note: The size of the dotepresergthe recorded group sizes. Survey tracklines are showiadk. Depth contours
are shown for DO0Om and 2000 m.
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Sei whale - 1998-2018
Effort and observations of animals for May to October

Group size
° 1

Qs
QO

30°W 200W 10°W o

Figure 16. Final dataset used in the density models faei whales (198-2018).
Note: The size of the ds represestthe recorded group sizes. Survey tracklines are showiadk. Depth contours

are shown for DOOmM and 2000m.
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Humpback whale - 1994-2018
Effort and observations of animals for May to October

Group size

N o 1

30°wW 20°W 10°W 0°

Figure 17. Final dataset used in the density models fdumpback whales (19942018).
Note: The size of the dots represstite recorded group sizes. Survey tracklines are showiadk. Depth contours

are shown for DOOmM and 2000m.
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Sperm whale - 1998-2018
Effort and observations of animals for May to October

Group size
o1
Qmn
O=

L1 | 1600km ) \
30°W . 10°W 0
Figure 18 Final dataset used in the density models f@perm whales (198-2018).
Note: The size of the dots represstite recorded group sizes. Survey tracklines are showiadk. Depth contours

are shown for YOOm and 2000m.
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Northern bottlenose whale - 1998-2018
Effort and observations of animals for May to October

/,/ 5
/
s //7/
iy 4
2
//
S /
4 FM’ / fos!
Ve
/
o a
-
|
2 ¢
|
i
-
%
s
s
L)
&;_ of
o
o
&4
30°N- ¢ s A
, o, R
»Cji DEQ (
% 7,/
7
/
s
N
20°N-
<]
N Group size
o 1
4 /‘ O
7 ' ( Qe
(g e/
600 kmw 1
20°W 10°W 0°

30°W
Figure 19. Final dataset used in the density models fddorthern bottlenosewhales (19982018).

Note: The size of the dots represstite recorded group sizes. Survey tracklines are showiadk. Depth contours
are shown for D0OOmM and2,000m.
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Cuviers beaked whale - 1998-2018
Effort and observations of animals for May to October

Group size
o1

Os
O1ﬂ

30°W ; 10w -

Figure 20. Final dataset used in the density models faCuvier's beakedwhales (19982018).

Note: The size of the dots represstite recorded group sizes. Survey tracklines are showiadk. Depth contours
are shown for DO0Om and 2000 m.
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Sowerbys beaked whale - 1998-2018
Effort and observations of animals for May to October

10°W 0°

Figure 21. Final dataset used in the density models fd8owerby's beakedwvhales (19982018).

Note: The size of thelots represesthe recorded group sizes. Survey tracklines are showiadk. Depth contours
are shown for DO0Om and 2000 m.
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