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1. Introduction 
The United States (U.S.) Navy (Navy) 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 Environmental Policy 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 the 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 assessment of risk and 

potential impact to protected marine mammals and sea turtles. 

The Navy Marine Species Density Database (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 

potential incidental ñtakesò of protected species.  

To evaluate potential environmental impacts to marine species in regions, the Navy applies a 

ranking scheme to guide selection of the best density maps from those available (Figure 1). 

Where no density estimates exist, the Navy uses global extrapolations (Department of Navy 

2012) derived from relative environmental suitability models (Kaschner et al. 2006). The relative 

environmental suitability models currently supporting risk assessments in the Northeast Atlantic 

are coarsely scaled, data deficient, and are becoming increasingly outdated. There is a need to 

begin development of spatially explicit density models of cetaceans in the region to support 

continued risk assessments on a per-exercise basis and for potential future environmental 

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

 

2. Material and Methods 

2.1. Study Area 

At the projectôs inception, the Navy provided a shapefile that delineated the extent of the study 

area and defined polygons representing regions of interest (Figure 2). We further extended this 

study area to 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 initial 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, 

resulting in the final study area as shown in Figure 4. 
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Figure 2. 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. 
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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 Area for the Commander Naval Forces Europe (NAVEUR)/Commander 6th Fleet 

(C6F) (Figure 5) comprises a large part of the Northeastern Atlantic Ocean from -87ºW to 66ºE 

and 90ºN to 10ºS. The study area is mainly characterized by narrow continental shelves, deep 

waters on either side of the Mid-Atlantic Ridge, and extensive abyssal plains. It includes 

approximately 230 seamounts, 420 canyons, and 140 ridges, known to affect the distribution of 

pelagic species, including cetaceans (Mussi et al. 2014; Tepsich et al. 2014; Fiori et al. 2014). 

Key bathymetric features within the study area include the Reykjanes Ridge, the Charlie-Gibbs 

Fracture Zone (CGFZ), and the Mid-Atlantic Ridge (Figure 6). The CGFZ is the largest 

geological fault in the northern Mid-Atlantic Ridge between Iceland and the Azores. The fracture 

spans 2,000 kilometers (km) in the east-west direction and provides the only deep water and 

faunal exchange between the Northeast and Northwest Atlantic (Priede et al. 2013). This area 

defines a mixing zone where warm, nutrient poor water from the south meets cold nutrient-rich 

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 and Mid -Atlantic Ridge. 

 

The NAVEUR/C6F Study Area is located within the Northeast Atlantic Ocean and is dominated 

by deep ocean basins except along the continental shelf. The 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 slow-moving body of warm water, an extension 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) (Figure 7). The formation of North Atlantic deep water is one of the 

driving forces for thermohaline circulation of the world's oceans (Johnson et al. 2002).  

 

 

 

Figure 7. Major warm and cold currents of the North Atlantic Ocean (Image: Encyclopedia Britannica, Inc.; 

Gordon and Cenedese 2021) 

Primary productivity in the Atlantic increases from south to north. South of 40ºN the yearly 

production is about 45 grams (g) carbon/m2 (surface) and there is little variation through the 

year. North of 40ºN the production is twice as high (90 g carbon /m2 per year) and peaks during 
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summer (Johnson et al. 2002). Southwest of Iceland, the primary production is even higher; 

however, most of the area is oligotrophic (<100 g carbon /m2 per year) (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 nutrients also occurs at eddies.  

2.1.2. Definition of the Spatial Extent of the Study Area 

First, appropriate study area extents were explored, whereby we created órulesô to clip the spatial 

extent of the study area based on the proportion of land in each grid cell (defined as 30 ï 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; 3 = classified as water, covariate absent) and subsequently examined 

covariate availability for dynamic environmental covariates: sea surface temperature (SST), sea 

surface salinity (SSS), and chlorophyll (CHL). For each land proportion ócut-offô and covariate, 

we calculated the percentage of óon-effortô trackline that fell into each grid cell definition 

category. This allowed us to make a balanced decision between maximizing the quantity of 

inshore on-effort tracklines retained for analysis and minimizing the number of grid cells that 

lacked dynamic covariate values, and thus would require those values to be extrapolated. We 

ultimately defined the final study area grid for obtaining covariates (both static and dynamic) and 

making predictions based on a 60% coverage criterion (Figure 8). 

Finally, we projected the subdivided study area to a custom WGS 1984 Albers Equal Area 

coordinate system and gridded it into 10 × 10 km square cells. The parameters of this custom 

coordinate system are as follows: 

WGS_1984_Albers_CNETT_NAVEUR/C6F 

Datum: WGS 1984 

Projection: Albers 

False_Easting: 0.0 

False_Northing: 0.0 

Central_Meridian: -16.0 

Standard_Parallel_1: 30.6666666667 

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 from 30 arc seconds (approximately 500 meters [m]) to 0.25° 

(approximately 25 km). 
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Figure 8. Zoomed in example showing the 60% coverage criteri on nearshore. 

Note: Blue indicates the area designated as 'study area' (e.g., water) given the criterion and red indicates areas 

designated as ólandô given the criterion. 
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The surface areas of the final study area blocks are shown in Table 1 (units in square kilometers 

[km2]). 

 

Table 1. Surface Area of the Study Area Blocks (in square kilometers [km2]) 

Area Surface Area (km2) 

NAVEUR/C6F 09 Focus 699,500 

NAVEUR/C6F 10 Focus 938,900 

NAVEUR/C6F 11 Focus 140,400 

NAVEUR/C6F 02 Focus 2,972,800 

NAVEUR/C6F 04 Focus 966,600 

TOTAL FOCUS  5,718,200 

NAVEUR/C6F 11 nonFocus 233,300 

NAVEUR/C6F 01 nonFocus 2,740,600 

NAVEUR/C6F 03 nonFocus 1,281,000 

NAVEUR/C6F 04 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-seven cetacean species regularly occur in the NAVEUR/C6F Study Area, all recorded in 

one or more of the databases from the project collaborators (Table 2 and Table 3). The Navy 

provided us with a marine mammal species list for the Northeast Atlantic, 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 as Threatened & Endangered (under the ESA & International Union for 

Conservation of Nature [IUCN]) and Mid-frequency Active Sonar (MFAS) Sensitive and Deep 

Diving Species would be modeled for this round. However, not all species in these groups could 

be modeled due to either small sample size (e.g., Bowhead whale, North Atlantic right whale, 

and pygmy sperm whale) or insufficient time to produce spatial models (e.g., Rissoôs dolphin 

and long-finned pilot whale). 
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Table 2. MNAVEUR/C6F marine mammal species present in the study area and identified in the NAVEUR/C6F Risk Assessment Priority Species list 

for the Navy. 

Scientific Name Common Name 
ESA/IUCN 

Status 
Navy Priority  Modeled 

Balaena mysticetus 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 

Balaenoptera physalus 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 (ESA & IUCN) Y 

Physeter macrocephalus Sperm whale EN/VU 1 - Threatened & Endangered (ESA & IUCN) Y 

Globicephala melas Long-finned 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 --/DD 2 - MFAS Sensitive and Deep Diving Species Y 

Kogia breviceps Pygmy sperm whale --/DD 2 - MFAS Sensitive and Deep Diving Species N 

Mesoplodon bidens Sowerbyôs beaked whale --/DD 2 - MFAS Sensitive and Deep Diving Species Y***  

Mesoplodon densirostris Blainville's beaked whale --/DD 2 - MFAS Sensitive and Deep Diving Species Y***  

Mesoplodon europaeus Gervaisô beaked whale --/DD 2 - MFAS Sensitive and Deep Diving Species Y***  

Ziphius cavirostris Cuvier's beaked whale --/LC**  2 - MFAS Sensitive and Deep Diving Species Y 

Phocoena phocoena Harbor porpoise --/VU*  3 - MFAS Sensitive (Shallow Diver) Species N 

Note: EN = Endangered; CR = Critically Endangered; NT= Near Threatened; LC = Least Concern, VU = Vulnerable; DD = Data Deficient; MFAS = Mid-Frequency 

Active Sonar; Y = Yes, N = No.  

* International Union for Conservation of Nature (IUCN) European Region designation is more restrictive than global designation, i.e., Global-LC, European-NT 

** IUCN 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 the NAVEUR/C6F Risk Assessment Non-Priority 

Species list. 

Scientific Name Common Name 
ESA/IUCN 

Status 
Navy Priority  Modeled 

Balaenoptera acutorostrata Minke whale --/LC 4 - Low-Frequency Cetaceans N 

Delphinapterus leucas Beluga whale --/DD 5 - Mid-Frequency Cetaceans N 

Delphinus delphis Short-beaked common dolphin --/LC**  5 - Mid-Frequency Cetaceans N 

Lagenorhynchus acutus White-sided dolphin --/LC**  5 - Mid-Frequency Cetaceans 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 False killer whale --/NT 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 Brydeôs whale --/LC**  N/A N 

Feresa attenuata Pygmy killer whale --/LC**  N/A N 

Globicephala macrorhynchus Short-finned 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 Rough-toothed dolphin --/LC N/A N 

Note: NT= Near Threatened; LC = Least Concern, DD = Data Deficient; ESA = Endangered Species Act; N/A = Not available information on the Navy   

** IUCN Global designation is listed; the European Designation is DD 
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2.2. Survey Data Processing 

The study identified 2,013,271 km of on-effort tracklines conducted by many teams under the 

auspices of 22 surveyor organizations with whom we established collaborations (Table 4).  

Starting from collaborator-specific 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 similar survey 

protocols, the data collected by, and format used by, each collaborator differed, requiring 

collaborator-specific treatments in all cases. All collaborators utilized satellite global positioning 

systems, so we were able to reconstruct survey tracklines, but the degree of precision depended 

on how frequently data collaborators reported positions. In general, most aerial surveys reported 

positions several times per minute, with some as frequently as every 4 seconds. Most shipboard 

surveys reported positions 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, and group 

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 sighting, such 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 were processed, we aggregated all survey transects where observers were 

reported to be ñon effortò and split them into segments. We sought to obtain segments of 10 km 

in length, matching the spatial resolution of the analysis. We first split the tracklines wherever 

the detection covariates changed, and 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 continuous survey effort, defined as a sequence of 

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

for which one-third or more of it was off-effort. We then split each continuous section into 

equal-length on-effort segments, 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 equal-length segments slightly longer than 10 km. Otherwise, we 

increased the number of segments by 1, resulting in n+1 equal-length 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 section would be split into 3 segments of 8.3 km.  

For the period for which data was available (1983ï2018), this segmenting procedure was applied 

to all surveys, resulting in a mean segment length of 8 km (SD = 3.4 km), a maximum length of 

15 km, and a minimum length of 0.06 km. Of these, 12,432 were less than 1 km long (4.9%). 

The mean of 8 km per segments is lower than the target of 10 km, probably because the analysis 

first split the tracklines when detection covariates changed, leaving many tracks shorter than 10 

km. Combining all surveys yielded 251,615 segments. 
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Table 4. List of collaborators in this project and the areas for which they provided data. 

Collaborator  Complete Name Area Covered 

AZTI  AZTI, Spain Bay of Biscay 

BDRI Bottlenose Dolphin Research Institute, Spain NW Spain 

CEAMAR Cetaceans and Marine Research, Canary Islands, Spain Canary Islands 

CEMMA Coordinadora para el Estudio de los mamíferos marinos, Spain Bay of Biscay 

CIIMAR 
Interdisciplinary Center of Marine and Environmental Research, 

Portugal 

NW Africa & Portugal 

& Islands 

CIRCE Conservation Information and Research on Cetaceans, Spain 
St. of Gibraltar & Gulf 

of Cadiz 

CSIC (ICM & 

EBD) 
Centro Superior de Investigaciones Científicas, Spain 

St. of Gibraltar & Gulf 

of Cadiz 

DCCAE & U.C. 

Cork 

Department of Communications, Climate Action & Environment, 

Ireland 

University College Cork, Ireland 

Ireland 

DOP/UAC Departamento de Oceanografia e Pescas / University of the Azores Azores 

EIBE Euskal Izurde eta Balezaleen Elkartea, Spain Bay of Biscay 

GINR Greenland Institute of Natural Resources, Greenland Greenland 

IEO Spanish Institute of Oceanography, Spain Bay of Biscay 

IMR Institute for Marine Research, Norway Norway 

MFRI Marine and Freshwater Research Institute, Iceland Iceland & Faroes 

Museu da Baleia Museu da Baleia, Madeira, Portugal Madeira Islands 

SECAC Soc. para el estudio de los cetáceos en el Archipiélago Canario, Spain Canary Islands 

SMRU Sea Mammal Research Unit, St Andrews University, Scotland 
NE Atlantic & North 

Sea 

U. Aarhus Institute of Bioscience, Aarhus University, Denmark Denmark 

U. Aveiro Aveiro University, Portugal Portugal 

U. La Rochelle / 

Pelagis 
University of La Rochelle, France Bay of Biscay 

U. Hannover Hannover University, Germany Germany 

Natural Sciences Royal Belgian Institute of natural Sciences, Belgium Belgium 

WUR Wageningen University & Research, Netherlands Netherlands 

 

2.3. Survey Data Summary 

2.3.1. Overview of Effort Data 

We incorporated line-transect surveys from 22 survey organizations (Table 4). Line-transect 

surveys represented 2,013,271 km of effort, of which 480,561 km was collected by aerial surveys 

and 1,531,825 km by shipboard surveys (Table 5). Aerial and shipboard survey effort are shown 

in Figure 9 and Figure 10.  
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Table 5. Regions, years, and effort covered by the collaborators. 

Collaborator  Platform Region Years 
Effort  

(km) 

AZTI  Ship  Bay of Biscay  2016, 2017, 2018 18,942 

BDRI Ship  North West Spain  
2014, 2015, 2016, 2017, 

2018 
7,502 

CEAMAR Ship  Canarias  2017 4,512 

CEMMA Ship  Bay of Biscay  2015 24,668 

CIIMAR Ship  North West Africa  
2012, 2013, 2014, 2015, 

2016, 2017 
188,577 

CIRCE Ship 
 Strait of Gibraltar & Gulf 

of Cadiz  

2001, 2002, 2003, 2004, 

2005, 2006, 2007, 2008, 

2009, 2010, 2011, 2012, 

2013, 2014 

44,753 

DCCAE Ship  Ireland  2015, 2016 4,441 

DOP/Uac Ship  Azores  

1999, 2000, 2001, 2002, 

2003, 2004, 2005, 2006, 

2013, 2014, 2015 

511,494 

EIBE Ship  Bay of Biscay  2003,2004,2005 10,726 

IEO Ship 
 Gulf of Biscay (N Iberian 

Peninsula - Cantabrian Sea)  
2007, 2008 47,603 

IMR Ship  Iceland-Faroese  2001 393,056 

Museu da Baleia Ship  Madeira  
2002, 2003, 2004, 2005, 

2006, 2007, 2008 
15,790 

Norway IMR Ship  North East Atlantic_ridge  2004 3,001 

SECAC Ship  Canary Islands  2002 84,762 

SMRU Ship  North East Atlantic  2005 40,579 

SPVS Ship  Portugal  2011, 2012 5,483 

University La Rochelle Ship  Bay of Biscay  

2003, 2004, 2005, 2006, 

2007, 2008, 2009, 2010, 

2011, 2012, 2013, 2014, 

2015, 2016, 2017, 2018 

187,455 

Museu da Baleia Aerial  Madeira  
2002, 2003, 2004, 2005, 

2006, 2007, 2008 
21,690 

CEMMA Aerial  Bay of Biscay  2015 906 

DCCAE Aerial  Ireland  2015, 2016 37,674 

DEPONS Aerial  Belgium  
2008, 2009, 2010, 2011, 

2012, 2013 
158,491 

GINR Aerial  East Greenland  2015 5,889 

MFRI Aerial  Iceland-Faroese  

1986, 1987, 1988, 1995, 

2001, 2003, 2004, 2005, 

2007, 2008, 2009, 2015, 

2016 

94,107 

SMRU Aerial  North East Atlantic  2005 73,776 

SPVS Aerial  Portugal  2011, 2012 21,057 

WUR Aerial  Netherlands  2017 6,337 

   TOTAL  2,013,271 
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a)

 

b)

 

c)

 

d)

 

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 inter-annual survey coverage, survey effort increased significantly from 2001 

onwards, with a few previous years with larger effort too (1987,1989 and 1995) corresponding to 

early years large NASS surveys (Figure 11).  

Seasonally, the amount of survey effort was larger in summer, particularly in July (Figure 12).  

After exploration of the spatial coverage of each month, the availability of data, and the spatial 

coverage of the dynamic covariates to be tested in the models, it was decided to restrict the 

modeling to the months May to October (Figure 10, left).  
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Figure 11. Total survey effort (kilometers) per year available in the entire NAVEUR/C6F Study Area for the 

1983ï2018 study period. 

 

Figure 12. Total survey effort (kilometers) per month available in the entire NAVEUR/C6F Study Area for 

the 1983ï2018 study period. 
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Given the interest of the Navy that we focus the analysis on the most recent data, and that the 

majority of the dynamic environmental covariates were available starting in 1998, with some 

starting in 1994, it was decided that, whenever possible given the available data per species, 

models would be restricted to the period 1998 ï 2018 (Figure 13, right). However, if the models 

improved substantially by adding the data from 1994 to 1997 (i.e., modeling the period 1994 ï 

2018; Figure 13, left), then this expansion was considered. It was decided; however, to not use 

the data prior to 1994 in this modeling exercise. See Section 2.7.1 for more information on the 

covariates selection that prompted this decision. 

 

  

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 Sightings Data 

The incorporated line-transect surveys provided 87,480 on-effort sightings for 39 cetacean 

species. Adjusting the scope of the analysis to the six months selected for this project (May to 

October), yielded 76,686 sightings of 37 species. After discarding the sightings that lacked 

necessary line-transect data to be usable (those without group size or perpendicular distance data, 

or were duplicated between primary and secondary platforms), and sightings collected in 

conditions considered unreliable for surveying (sea state greater than 5 on the Beaufort scale, 

visibility less than 0.3 km, or the observerôs subjective assessment of conditions being 

ñunacceptableò or ñvery poorò), a total of 69,732 sightings of 37 species remained in the 

database. Of these, 58,585 were fully taxonomically identified (to the species level), while 508 

were either unidentified Mesoplodonts or unidentified beaked whales. The remaining 10,639 

records were too taxonomically ambiguous to be used in the density models.  

Table 6 tallies the sightings of the fully -identified species and the two ambiguous taxa that were 

considered for modeling, both for the entire time span of the dataset, and the two more recent 

periods for which dynamic covariates were available. The percentage columns show how much 

of the data of a given taxon is retained when restricting the temporal span of the used data. 

Harbor porpoise (not shown in Table 6) was by far the most frequently sighted species, followed 

by short-beaked common dolphin, minke whale, and fin whale (the first two not shown in Table 

6 either). Sightings were generally most numerous in summer months, reflecting the large 

amount of effort in these months.  

Habitat-based density models were developed for 10 species/guilds including: 

¶ Large baleen whales 

o Blue whales  

o Fin whales  

o Sei whales 

o Humpback whales 

¶ Deep divers 

o Sperm whales 

o Cuvierôs beaked whales 

o Sowerbyôs beaked whales 

o Northern bottlenose whales 

o All Mesoplodonts (Blainvilleôs, Gervaisô, Sowerbyôs beaked whales, and 

unidentified Mesoplodonts) 

o All beaked whales except northern bottlenose whale (all Mesoplodonts, Cuvier̀s 

beaked whales, and unidentified beaked whales) 

Maps of sighting distributions for each of the modeled species, for the three groups of years, are 

provided in Appendix A. 

The final sightings used for each species, together with the effort tracks, are shown in Figure 14 

to Figure 23. The final range of years to be used for each species was decided after inspection of 

results for both periods we considered (1994-2018 and 1998-2018). Only the final range of years 

we selected is presented here for each species/guild.  



Final Report Development of Exploratory Marine Species Density Models in the NAVEUR/C6F Study Area 

November 2021 | 23 

Table 6. Usable sightings in the data set for three groups of years during May to October. The % columns 

represent the percentage of all the sightings remaining in each group of years. Only the species considered for 

modeling are shown in this table. 

Species 1983-2018 1994-2018 1998-2018 
1983-2018 

(%)  

1994-2018 

(%)  

1998-2018 

(%)  

Blainvilleôs beaked whale 28 28 28 100 100 100 

Blue whale 113 100 85 100 88 75 

Brydeôs whale 100 100 100 100 100 100 

Cuvierôs beaked whale 297 297 297 100 100 100 

Dwarf sperm whale 4 4 4 100 100 100 

Fin whale 6,164 5,554 4,894 100 90 79 

Gervaisô beaked whale 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 

Sowerbyôs beaked whale 65 65 60 100 100 92 

Sperm whale 3,073 2,705 2,355 100 88 77 

Unidentified Balaenoptera 450 377 352 100 84 78 

Unidentified beaked whale 263 249 248 100 95 94 

Unidentified Mesoplodon 245 245 245 100 100 100 

TOTAL         14,846      13,011        11,269  100 88 76 
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Figure 14. Final dataset used in the density models for blue whales (1994-2018). 

Note: The size of the dots represents the recorded group sizes. Survey tracklines are shown in black. Depth contours 

are shown for 1,000 m and 2,000 m. 
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Figure 15. Final dataset used in the density models for fin whales (1998-2018). 

Note: The size of the dots represents the recorded group sizes. Survey tracklines are shown in black. Depth contours 

are shown for 1,000 m and 2,000 m. 
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Figure 16. Final dataset used in the density models for sei whales (1998-2018). 

Note: The size of the dots represents the recorded group sizes. Survey tracklines are shown in black. Depth contours 

are shown for 1,000 m and 2,000 m. 
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Figure 17. Final dataset used in the density models for humpback whales (1994-2018). 

Note: The size of the dots represents the recorded group sizes. Survey tracklines are shown in black. Depth contours 

are shown for 1,000 m and 2,000 m. 
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Figure 18. Final dataset used in the density models for sperm whales (1998-2018). 

Note: The size of the dots represents the recorded group sizes. Survey tracklines are shown in black. Depth contours 

are shown for 1,000 m and 2,000 m. 
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Figure 19. Final dataset used in the density models for Northern bottlenose whales (1998-2018). 

Note: The size of the dots represents the recorded group sizes. Survey tracklines are shown in black. Depth contours 

are shown for 1,000 m and 2,000 m. 
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Figure 20. Final dataset used in the density models for Cuvier's beaked whales (1998-2018). 

Note: The size of the dots represents the recorded group sizes. Survey tracklines are shown in black. Depth contours 

are shown for 1,000 m and 2,000 m. 
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Figure 21. Final dataset used in the density models for Sowerby's beaked whales (1998-2018). 

Note: The size of the dots represents the recorded group sizes. Survey tracklines are shown in black. Depth contours 

are shown for 1,000 m and 2,000 m. 


























































































































































































































