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Abstract 
Very little is known about how sperm whales and northern bottlenose whales use their 
Arctic habitat. A long time series of presence data from two datasets was used to map the 
sighting density and spatial distribution of both species within Baffin Bay and Davis Strait. 
A taxon-based approach was used and pseudo-absence values were assigned to non-focal 
species that were also recorded within the datasets. The results indicated high sperm whale 
sighting density on the east side of the study site near Nuuk, and sparse sighting density on 
the southwest side and central west side of the study site. High northern bottlenose whale 
sighting density was seen on the central west side. Data on sea surface temperature, sea 
surface salinity, depth and slope were incorporated into the study and relationships 
between these variables and whale sightings were explored through the creation of 
generalized additive models. The best-fit models were chosen from all available model 
combinations based on the lowest AIC values. The results indicated a relationship between 
the sperm whales sighted on the east side and all variables, between the sperm whales 
sighted on the west side and sea surface salinity, and between the northern bottlenose 
whales sighted on the west side and depth and slope. However, these results were specific 
to the variables included in the models and could differ if more predictive variables (i.e. 
prey distribution or proximity to frontal zones) are included in the future. Furthermore, the 
model results and the sighting density patterns could not be generalized for absolute 
species distribution, as data was only available for summer and early autumn and other 
variables (i.e. sea ice) could impact distribution patterns in different seasons. The results 
suggest a northward range expansion for sperm whales from areas previously reported. The 
results also recommend the investigation of the central west region as an area of 
importance to northern bottlenose whales. This project calls for the increase of data 
collected for both of these species in the Arctic. The absence of data and knowledge is 
concerning, especially when low population numbers of certain northern bottlenose whale 
subpopulations are considered. Lack of knowledge is also concerning when the impact of 
range expansion of southern species into the Arctic as a result of ocean warming is 
considered.  

 

Keywords: Sperm whale, Northern Bottlenose whale, Spatial distribution, Baffin Bay, 
Davis Strait. 
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1 Introduction 

1.1 The Arctic  

The Arctic is one of the most important biomes on the planet. It is the northern region of 

the globe and includes the Arctic Ocean and the terrestrial and marine environments of the 

adjacent countries: Canada, Denmark (Greenland), Finland, Iceland, Norway, Russia, 

Sweden and the United States of America (Figure 1). The boundaries of the Arctic are 

often disputed since, unlike the Antarctic, there is no central continent. Major human 

activities regarding the Arctic, ranging from shipping to black carbon pollution, are 

discussed at an international level by the Arctic Council and then addressed by the national 

governments of the Arctic countries.  

 

Figure 1. The Arctic – boundary defined by the Conservation of Arctic Flora and Fauna 
(CAFF) Boundary (Eamer, 2013). 

Extreme conditions like cold temperatures, and remoteness characterize the Arctic’s 

dynamic natural environment. The large variability in seasonal sunlight and presence of 



 

sea ice are features exclusively found in polar regions; absent from all other regions on the 

planet. The Arctic supports many unique species that have adapted to live in these 

conditions. According to the Arctic Biodiversity Assessment more than 21,000 species, 

local and transient, can be found in the Arctic terrestrial and marine ecosystems (Meltofte, 

2013). These species range from oceanic microbes to large marine mammals. They 

distribute themselves unevenly, where areas of species richness and productivity are 

subject to local variability (Meltofte, 2013).  

The Arctic is also home to about four million human residents (Larsen & Fondahl, 2014). 

Various indigenous groups, including the Inuit and Saami people, have endured the harsh 

Arctic climate for thousands of years. They are tied to the environment and depend on it to 

preserve their culture and traditional way of life. 

Currently, the Arctic is under extreme threat. The impact of climate change is more severe 

in the Arctic compared to other regions of the world with twice as much warming when 

compared to global atmospheric temperature means (Laidre et al., 2015). Assessments state 

that impacts specific to the marine environment include ocean warming, changes in 

stratification from the introduction of freshwater, hypoxia and ocean acidification 

(Carmack & McLaughlin, 2011). The loss of sea ice is arguably the most drastic change to 

the Arctic and its marine environment. From a 34 year assessment, the summer season was 

determined to be 5-10 weeks longer in 2013 than it was in 1979, due to earlier spring 

retreat, and later fall advance of sea ice (Laidre et al., 2015). Tied to sea ice loss is habitat 

loss for ice-obligate species and increasing feedback loop of the albedo effect. Other 

notable effects of climate change include the rapid thawing of permafrost, erosion of 

coastal areas, and range expansion of southern species northward.  

 

1.2 Cetaceans 

Cetaceans (whales and dolphins) are an integral part of the marine ecosystem. There are 

two main families of cetaceans, toothed whales (Odontoceti) and baleen whales 

(Mysticeti). Cetaceans are hugely important to the marine environment for a variety of 

reasons. They have a great deal of influence on stability and energy transfer in the 

ecosystem (Katona & Whitehead, 1988) as well as on the populations of species which 
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they prey on (Ballance et al., 2006). Cetaceans can also provide a massive food source for 

benthic species once they die and their carcasses fall to the ocean floor. They are excellent 

indicators of ecosystem health (Katona & Whitehead, 1988) and recent attention has been 

drawn to the role that cetaceans play in nutrient and carbon cycling (Roman & McCarthy, 

2010; Lavery et al., 2014) 

For many indigenous people, cetaceans are an extremely important resource and can 

embody spiritual values. These creatures are an important part of the economies of coastal 

communities, originally through hunting, and more recently through the tourism industry.  

There are several cetacean species that are present in the Arctic at some point during their 

lifetime. Those that who endemic and overwinter include the narwhal (Monodon 

monoceros), beluga (Delphinapterus leucas) and bowhead whales (Balaena mysticetus). 

Those who are transient, that migrate to the Arctic in the summer, include humpback 

whales (Megaptera novaeangliae), killer whales (Orcinus orca), gray whales (Eschrichtius 

robustus), fin whales (Balaenoptera physalus) and sperm whales (Physeter 

macrocephalus). There is also a subpopulation of northern bottlenose whale (Hyperoodon 

ampullatus) which are present in the Arctic but it is unclear how they use the space at this 

point. 

 

1.3 Distribution Theory 

Distribution is a fundamental principle of ecology. When using Macleod’s definition where 

the “range” refers to the geographical limits where a species can survive, the “distribution” 

describes the preference of a population or individuals within a population to specific areas 

within that range (MacLeod et al., 2006, p. 271), which presumably are chosen for a 

reason. Ecologists try to explain why a species would choose one specific area over 

another. 

In the marine environment, describing the distribution of different species is inherently 

difficult. The three-dimensional nature of the ocean allows for more habitable space, and 

therefore, a wider range of areas that could be suitable habitat. Furthermore, the ocean has 

the capacity for many species to complete large migrations, widening their ranges and 

distributions, in order to take advantage of multiple desirable habitats. Lastly, it is 



 

generally more difficult to observe and measure species in the marine environment 

compared to the terrestrial environment because of the decrease in light availability and the 

difficulty in accessing desirable environments for study (much of the time vessels are 

needed).  

1.3.1 Ecological niche theory 

The idea that a population will choose a specific area to occupy for a reason, as introduced 

above, is based on the theory of ecological niches. By definition, “the locations where a 

species can survive (and grow) represent the ecological niche which the species occupies” 

(MacLeod, 2016, slide 6). Species distribution and the drivers of it have been studied since 

the late 19th century (Wallace, 1877). Ecological Niche Theory was first put forth by 

Grinnell in the early 1900s when he suggested that species would be found in areas where 

the physical environmental variables are favourable to them and that species would be 

restricted where conditions that are less favourable (Grinnell, 1917). Grinnell (1917) 

explained that at some point individuals have an end to their range, but as long as climate 

and topography are changing that individuals could adapt. This leads to the question, what 

defines “favourable” for a particular species? Or in turn what types of restrictions confine a 

species to a certain location? One could imagine that there are areas where species are 

physically bound by some type of topographical barrier (i.e. a mountain range or shallow 

water). But are there variables that are more fluid which are also restrictive? 

Grinnell also suggested that levels of temperature and humidity that exceed a species’ limit 

of tolerance as well as changes to food availability could restrict their natural distribution. 

While Grinnell was the first to conceive and define ecological niches, his ideas were 

refined and developed further by other researchers (Elton, 1927; Odum, 1954; Whittaker, 

Leven & Root, 1973; Hutchinson, 1978; Pulliam, 2000; Guisan & Zimmermann, 2000; 

Austin, 2007; Soberón, 2007; Hirzel & Le Lay, 2008). 

The variables discussed by Grinnell, topography, temperature, humidity, and food 

availability, are all examples of ecogeographical variables (EGV). In order to understand 

the niche of a species, one must know the span of values of the EGV itself, and then 

understand the limits where the species can survive and grow within the values of the 

EGV. Identifying a niche is much more complicated as there isn’t ever an environment that 

contains just one EGV that influences a species but rather a multiplicity of EGVs 
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interacting with each other that define the ecological niche. This concept is illustrated and 

described by MacLeod (2016) (Figure 2). 

 

Figure 2. Ecological niche conceptual model. Defining a ecological niche for a species 
(here denoted as “combinations of EGVs where species occurs”) out of the possible 
ranges of three different ecogeographic variables (MacLeod, 2016). 

Defining an ecological niche is also difficult when both bionomic variables (e.g. predation, 

competition, parasites, and pathogens) and scenopoetic variables (temperature, chemistry, 

topography) are included (terms coined by Hutchinson, 1978). Austin (2007) discussed 

that scenopoetic EGVs can be categorized as direct (eg. temperature or rainfall) or indirect 

(eg. altitude or latitude) and that careful consideration for the type of variable included in 

defining the niche should be taken. In general, he advised staying away from including 

indirect variables in spatial distribution studies because of correlational impact on species 

in comparison to the physiological impact of direct variables (Austin, 2007). Lastly, 

species distribution and ecological niches are further influenced by the ability of the 

species itself to move or disperse (Soberón, 2007). 

In a review of Arctic marine mammals, Kovacs, Lydersen, Overland and Moore (2011) 

described that the distribution pattern of walrus in the Pacific and Atlantic was defined by 

the narrow ecological niche that they occupy. This niche was defined by sceontopic and 

bionoic variables and included shallow water areas with open sections for feeding, a 



 

benthic environment suitable bivalve abundance, favourable bivalve abundance, and 

resting platforms near by (Kovacs et al., 2011). Kaschner, Watson, Trites and Pauly 

(2006), described the distribution of 115 cetacean and pinniped species, based on 

ecological niche theory. They only chose scenotopic variables, depth, sea surface 

temperature and distance to ice edge/land, for their analysis. Their output distribution maps 

showed areas occupied by the species’ based on these variables.  

To note, care must be taken to link theory and practice in spatial distribution studies. The 

underlying theoretical assumptions that go along with ecological niche theory, as explained 

by Austin (2002), and Zuur, Ieno and Elphick (2010), must also be considered when 

performing a spatial distribution analysis. Guisan and Thuiller (2005), and Austin (2007) 

assessed the connection between spatial distribution theory and spatial modeling practices 

and found that very few published papers link the two. Without an accurate link between 

theory and practice, incorrect interpretation of models will result, which if the intention is 

to describe the ecological niches for a species in order to protect them, can have negative 

ramifications for species management. In this study, an effort was made to link theory with 

spatial distribution modeling practices.   

 

1.4 Conservation 

Conservation management and strategies created for protecting cetaceans are very 

important because of the value of the cetaceans to the ecosystem and to society, as 

described above (section 1.2). Cetaceans are vulnerable to extirpation and many 

populations have been slow to recover from whaling efforts that occurred at the beginning 

of the 19th century. This recovery is related to their life history as K-select species which 

mature late, live for long periods of time, and give birth to low numbers of offspring 

relative to other species (Marsh et al., 2003). Whitehead, Reeves and Tyack (2000) 

described two basic approaches for cetacean conservation, the threat-based approach and 

the individual-population based approach. Focusing on reducing threats imposed by 

humans to marine mammals through regulations is a common way to view marine 

mammal conservation. However, these threats exist on various spatial and temporal scales 

and therefore using them as the sole basis for conservation management can pose 

challenges. Furthermore, the threats are not independent of each other which causes more 
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complication. From the individual-population approach, conservation typically involves 

assessing abnormalities in individual behaviour or declines in the population with 

strategies put in place to maintain stable populations (Whitehead et al., 2000). Typically, 

management outcomes or actions resulting from both of these approaches are the creation 

of marine protected areas or sanctuaries which reduce and regulate exposure to threats and 

allow populations protection in habitats important to their different life stages. Listing the 

status of the species in a directory is also typically done, again to address fluctuations in 

and threats to the population. 

 

1.5 Project Focus 

The exact role of cetaceans in the Arctic marine ecosystem is understudied and 

unfortunately for many species, data and information about their basic ecology including 

populations, distributions, and habitat preferences are deficient (Meltofte, 2013). 

Therefore, making conclusions about their status and the ability to predict their future 

status becomes very difficult. This difficulty is heightened with the impacts of climate 

change on Arctic cetaceans. This project made an effort to consolidate knowledge about 

two closely related species of toothed whale (Odontocenti), northern bottlenose whales 

(Labrador-Southern Baffin Bay subpopulation specifically) and sperm whales. An attempt 

was made to describe their Arctic distribution within Baffin Bay and Davis Strait (between 

Greenland and Canada, Figure 1), and then to characterize it by exploring relationships 

between whale sightings and scenotopic EGVs. Three primary questions that were 

addressed in this thesis are: 

1. What is the distribution pattern of sperm whales in Baffin Bay and Davis Strait? 

What is the distribution pattern of northern bottlenose whales in Baffin Bay and 

Davis Strait?  

2. Is there a relationship between EGVs -depth, slope, sea surface temperature and sea 

surface salinity - and the presence of the cetaceans? 

3. Are these findings useful for cetacean management, specifically for mitigation of 

climate change, and anthropogenic impacts in the Arctic? 



 

2 Background 

2.1 Sperm Whales 

Sperm whales, Physeter macrocephalus (Linnaeus, 1758) are the largest of the toothed 

whales. As described by Rice (1989), their body length, reaching 11m for females and 18m 

for males, as well as their large head size are what characterizes this species. In addition, 

the sperm whale can be recognized by the dorsal hump, and the wrinkles on the skin along 

the midsection (Gosho, Rice, & Breiwick, 1984). As reflected in the name, this species has 

a large spermaceti organ in its head that contains spermaceti wax, which may be important 

for communication and echolocation (Whitehead, 1989). Sperm whales live to 60 years of 

age on average. Their closest relatives, beaked whales (Ziphiidae), exhibit many similar 

features to sperm whales, including a deep-diving nature, prey preference and the existence 

of spermeaceti wax (Rice, 1989). More information on their internal and external 

characteristics can be found in publications by Rice (1989) and Nowak (2003).  

2.1.1 Behaviour 

As noted above, sperm whales are deep-divers and have been recorded reaching depths 

ranging from 400m to 1200m (Watwood, Miller, Johnson, Madsen & Tyack, 2006). They 

have a strong tendency to forms schools, most commonly breeding schools, and bachelor 

schools, based on age and sex. Moreover, individual males have been found to frequent 

higher latitudes and then return to lower latitudes for breeding while females and young 

whales stay in lower latitudes (Rice, 1989; Evans, 1997; Gosho et al., 1984; Nowak, 2003). 

2.1.2 Prey  

Sperm whales are generalists but who feed primarily on squid and sometimes fish (Clarke, 

1996; Jaquet, Dawson, & Slooten, 2000; Nowak, 2003; Watwood et al., 2006). A dietary 

analysis revealed that cephalopods (mostly from the Octopoteuthidae and Histioteuthidae 

families) were found to be 75-100% of the prey in the stomachs of the sperm whale 

specimens, with some variation on regional scales (Clarke, 1996). There is a general 

understanding that sperm whales feed using echolocation to find aggregations of prey. 

However, details about their exact feeding mechanisms are difficult to explore because of 

the challenges of studying a deep diving species that can log multiple hours for one dive. 
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Efforts have been made to use acoustics to study the foraging behaviour of sperm whales 

by analyzing clicks and whistles that may be heard during feeding (Watwood et al., 2006).  

The diet of high latitude sperm whales is largely under-studied. Evans (1997) suggested 

that at higher latitudes their diet was more variable, containing between 67-98% fish, while 

Bjørke (2001), stated that Gonatus fabricii was the primary prey of sperm whales found in 

high latitudes based on studies done in the Norwegian Sea. The distribution of this prey has 

an influence on the distribution of sperm whales (Bjørke, 2001; Teloni, Johnson, Miller & 

Madsen, 2008). Bjørke (2001) said that the high abundance of Gonatus fabricii in the 

Norwegian Sea was likely to be the primary reason for the presence of sperm whales. 

Teloni et al. (2008) hypothesized that differences in dietary requirements between male 

and female sperm whales could also contribute to their differences in their spatial 

distribution. Watwood and colleagues (2006) studied sperm whale diving and foraging in 

different oceanic regions and highlighted that it is unknown how male sperm whales in 

high latitudes feed in comparison to those at low latitudes. Many foraging studies have 

been based on the foraging habits of females and immature males (Watwood et al., 2006; 

Whitehead, 1989). Madsen, Wahlberg, and Mohl (2002) outlined that male sperm whales 

produce three distinct types of clicks which may have roles in communication and prey 

location. Early on in a study on group feeding, Whitehead (1989) explained that male 

sperm whales feed “singly”. There is some indication that sperm whales may feed in 

groups at low latitudes (Whitehead, 1989) while males probably feed alone at high 

latitudes. Knowledge of their behaviour, possibly denoted by acoustic analysis, can give an 

indication as to what they are using different habitats for and thus could help in 

understanding the reasons why they are sighted in particular areas (or choosing a specific 

niche). 

2.1.3 Breeding 

Sperm whales are seasonal reproducers (Gosho et al., 1984). As part of their schooling 

nature, females will form breeding schools in low latitude warm waters, a male bull will 

then join at some point during the lengthy time period of mating, which is anywhere from 

January-August. Copulation is followed by a 15-month gestational period. Once calves are 

born they remain with the female for up to 2 years.  



 

2.1.4 Whaling  

Sperm whales have been heavily exploited by the international commercial whaling 

community. Their exploitation began in the 1700s by American whalers, who were 

primarily interested in whale oil and wax. Then in the 1800s, the whales were hunted 

mainly by Norwegian whalers (Rice, 1989). The International Whaling Commission (IWC) 

introduced a hunting moratorium for sperm whales in 1979 (Evans, 1997). Whitehead 

(2002) estimated from a trajectory analysis that there were about 1,110,000 individuals in 

the population when whaling began in 1712.  

2.1.5 Distribution 

Whitehead (2002) estimated that the current global population (Figure 3) of sperm whales 

is approximately 360 000 individuals. The individuals, in general, are split into two 

populations, a northern hemisphere population, and a southern hemisphere population. 

Further geographic divisions of these populations, besides a designated group in the 

Medditerrean, for example in the high latitudes of the Arctic, are disputed. As referred to 

above, it is thought that the distribution of the sperm whales is determined by prey 

dynamics and migration to and from breeding grounds in the low latitudes but, as 

discussed later, these migration paths and links between high latitude habitat and low 

latitude habitat have not been confirmed in the literature. 
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Figure 3. Global distribution of sperm whales (IUCN, 2008a). 

Much of the work on global sperm whale distribution has been focused in Norway, the 

Shetland Islands, Atlantic Canada, New Zealand, and the Gulf of Mexico. There has also 

been some work done on the distribution of the group confined to the Mediterranean. 

Many of these studies are based roughly between 40oN and 50oN (Evans, 1997; Gosho et 

al., 1984; Watwood et al., 2006). Therefore, it is difficult to tease out many studies specific 

to only high latitude (deemed > 50oN) male sperm whales in reference for this project. 

Investigations of sperm whale distribution in the low latitudes showed that their presence 

was associated with bathymetric features, deep areas, and areas of high secondary 

productivity (Jaquet & Whitehead, 1996; Silva et al., 2003). Furthermore, Baumgartner, 

Mullin, May and Leming (2001) concluded that there was a relationship between sperm 

whale presence and the depth of the 15oC isotherm. Work in the Mediterranean showed 

that sperm whales sightings were associated with bathymetric features (De Stephanis et al., 

2008) as well as frontal features (Pirotta, Matthiopoulos, Mackenzie, Scott-Hayward, & 

Rendell, 2011). Studies based in the zone of approximately 40oN-50oN have shown again 

sperm whale presence was associated with areas of deep depth, submarine canyon features, 



 

and temperature (Sagnol, 2014; Waring, Hamazaki, Sheehan, Wood, & Baker, 2001; 

Whitehead, Brennan, & Grover, 1992).  

For the purposes of this study, high latitudes studies were defined as those greater than 

50oN. Christensen, Haug and Øien (1992) mapped the distribution of sperm whales, along 

with other baleen whales, from sightings surveys in northern Norway. The sperm whales 

were sighted between 63oN and 73oN and were concentrated in association with slopes and 

deep waters. This was one of the earlier studies to highlight the distributional differences 

between sexes. Then Evans (1997) published a paper outlining the ecology of sperm 

whales seen in the northern British Isles (50-61oN). He talked about the association of 

sperm whale presence with the continental shelf, therefore calling them offshore whales 

unless the continental shelf is close to land. Weir, Pollock, Cronin and Taylor (2001) also 

reviewed sperm whale presence in the northern British Isles. Fifty-seven sperm whales 

were sighted and again, mostly associated with deep areas. Waring, Nottestad, Olsen, 

Henrik and Vikingsson (2008) published a notable study on the distribution of cetaceans 

along the Mid-Atlantic Ridge. The vessel G.O. Sars was used to travel in a single transect 

from the Reykjanes Ridge to the Azores in 2004 to assess communities as part of the 

Census of Marine Life project. Sperm whales were the second most sighted cetacean 

(n=48). The sperm whales were seen concentrated near frontal zones (areas of varying 

temperature and salinity as density layers meet), at areas where the depth ranged from 800 

– 3500m, and at higher locations of approximately 52-60oN. They also found that sperm 

whales were sighted atop seamounts but not over slopes (Waring, et al., 2008). 

Furthermore, they were able to perform trawls to gauge prey abundance in association with 

whale presence and saw that the sightings of sperm whales were associated with trawls that 

contained Gonatus species (Waring et al., 2008). This research maked strong conclusions 

about the relationship between the high latitude sightings of the sperm whales and physical 

oceanographic features.  

2.1.6 Sperm whales' role in the Arctic  

Despite the studies above, there is currently no collective understanding of the distribution, 

migration, or habitat use of male sperm whales in Baffin Bay and Davis Strait. Based on 

the work above, it is reasonable that this project focus on exploring the presence of sperm 

whales and on the relationship between presence and EGVs (bathymetry, slope, sea surface 

temperature and sea surface salinity) in Baffin Bay and Davis Strait.  
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2.2 Northern Bottlenose Whales 

Northern bottlenose whales, Hyperdoon ampullatus, (Forster, 1770) are also toothed 

whales. These whales share similar characteristics to sperm whales, however, they are 

smaller with the largest males reaching 9.8m and females around 8.7m in length (Mead, 

1989). Unlike sperm whales, they do have a dorsal fin, and they have different colouring. 

They feed on similar prey, mainly cephalopods Gonatus spp., although their diet is broader 

than that of the sperm whale and includes more small fishes (Mead, 1989).  

2.2.1 Behaviour 

Northern bottlenose whales are very social animals and have been described a curious 

especially in the presence of ships (Reeves, Mitchell, & Whitehead, 1993; Mead, 1989). 

They are also very deep-divers, regularly going past 800m depth (Hooker & Baird, 1999). 

Their curious behaviour may present a bias in population assessments, which are 

conducted using vessels (Hooker, Whitehead, Gowans, & Baird, 2002). It is, however, 

because of this curiosity that they can be seen and studied by scientists. Studies on their 

deep-diving nature and use of acoustics to locate prey may reveal insight into the 

behaviour and abilities of other deep-diving species. 

2.2.2 Prey 

As stated above, northern bottlenose whales prey on a variety of food, fish (Benjaminsen, 

1972; Compton, 2004; Hooker, Iverson, Ostrom, & Smith, 2001) and benthos, but 

primarily on cephalopods. Compton (2004) cited that northern bottlenose whales are 

selective for larger squid, Gonatus spp. which was confirmed by Hooker and colleagues 

(2001) through fatty acid and stable isotope analysis of biopsied samples. Northern 

bottlenose whales and other beaked whales find prey using echolocation. Diet studies for 

northern bottlenose whales have been concentrated on the subpopulation resident to the 

'Gully' (a submarine canyon in the Western North Atlantic) (Hooker et al., 2001). Hooker 

et al., (2001) confirmed that diets could vary between subpopulations of northern 

bottlenose whales.  

The movement of their prey influences their distribution within subpopulations 

(Benjaminsen, 1972), and Whitehead and Hooker (2012) suggested that there may be a 



 

defined north-south migration following the prey. The mechanism that these whales use to 

feed, group or individual specific, is unclear. 

2.2.3 Breeding 

Northern bottlenose whales mate in April. They then have a 12-month gestation, and give 

birth in April as well (Reeves et al., 1993). However, since the subpopulations are thought 

to be relatively geographically stable, migration to and from breeding grounds may not be 

as significant to the overall distribution in comparison to sperm whales.  

2.2.4 Whaling 

Estimates suggested there were 100,000 individuals in the total population of northern 

bottlenose whales across the Atlantic before whaling began (Whitehead & Hooker, 2012). 

Similarly to sperm whales, northern bottlenose whales were heavily exploited in the late 

1800s, primarily for their oil and wax. In the 1960s, a fishery was established in Davis 

Strait. Mainly Canadian and Norwegian fishers harvested the whales during this time. It 

was recently estimated that are only 160 individuals in the Labrador-Southern Baffin Bay 

subpopulation (Whitehead & Hooker, 2012).    

2.2.5 Distribution 

Bottlenose whales are separated into two groups, northern bottlenose whales, Hyperoodon 

ampullatus, endemic to the North Atlantic (Figure 4) and southern bottlenose whales, 

Hyperoodon planifrons, found in the Southern Hemisphere. The distributions of both 

populations of southern and northern bottlenose whales are well defined and were 

described by Mead (1989). The Labrador-Southern Baffin Bay subpopulation was 

distinguished from the Scotian Shelf subpopulation for Canadian management in April 

1996 when the designation of the Scotian Shelf population was changed from “not at risk” 

to “special concern” (COSEWIC, 2011a). Whitehead and Hooker wrote about all six 

subpopulations of northern bottlenose whales in their 2012 publication. These 

subpopulations are the Scotian Shelf; Labrador-Southern Baffin Bay; East Greenland, 

Iceland, and Jan Mayen; Svalbard; Andenes; and Møre (Whitehead & Hooker, 2012). The 

groups at these locations are very distinctive, as confirmed by genetic and isotope analysis 

(Dalebout, Hooker, & Christensen; Dalebout, Ruzzante, Whitehead & Øien, 2006; 

Whitehead & Hooker, 2012), and in the case of the Scotian Shelf and Labrador-Southern 



35 

Baffin Bay group, confirmed by way of photo identification based on known differences in 

their body size (Whitehead, Faucher, Gowans, & McCarrey, 1997). This thesis was 

focused on the Labrador-Southern Baffin Bay group (reasons discussed in the Motivation 

section below). Whitehead and Hooker (2012) described this subpopulation of northern 

bottlenose whales to be resident of Baffin Bay year round. However, a submission to the 

Nunavut Wildlife Management Board suggested that their distribution extends further into 

the Labrador Sea (Figure 5). 

 

Figure 4. Distribution of northern bottlenose whales (IUCN, 2008b). 



 

 

Figure 5. Distribution of northern bottlenose whale subpopulations (DFO, 2011). 

Unlike the scarcity of literature on high latitude sperm whales, reviewing the literature on 

northern bottlenose whales was more straightforward because of the defined 

subpopulations. Work on the Scotian Shelf subpopulation, mostly done by Whitehead and 

colleagues, showed that they are distributed primarily within the 'Gully' and other 

submarine canyons in the region of the North Atlantic off of Nova Scotia (Hooker, 1999; 

Whitehead et al., 1997; Wimmer & Whitehead, 2004; Dalebout et al, 2006; O'Brien & 

Whitehead, 2013). The presence of these whales is associated with deep water and 

continental slope regions. Furthermore, in her Ph.D. thesis, Hooker (1999) discussed 

abiotic (depth and slope) and biotic (sea surface temperature, primary productivity via 

water clarity, and mid-water biomass) variables associated with northern bottlenose whale 

distribution. She reported that the whales’ distribution was significantly associated with 

depth and weakly associated with mid-water biomass (Hooker, 1999). 
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A large amount of information that exists not only about northern bottlenose whales but on 

beaked whales is from research on this Scotian Shelf subpopulation. It is the group that has 

been studied the longest (Whitehead et al., 1997). Conclusions from extensive research on 

this subpopulation could be comparable to the Baffin Bay subpopulation. However, there 

could be a bias depending on local variability and the ability for the 'Gully' population to 

truly be representative of characteristics and behaviour of all northern bottlenose whale 

subpopulations. 

Reeves et al. (1993) published a review paper on northern bottlenose whales and included 

maps which depicted distribution in the southern Davis Strait. The whales appeared to be 

concentrated around the 2000m contour line. Furthermore, they stated that the whales had 

been seen near to the ice edge and even in the pack ice (although formal associations 

between their presence and sea ice as an environmental variable were not investigated in 

this review) (Reeves et al., 1993). They suggested that presence of the whales was 

associated with fronts where cold polar water and warm Atlantic water meet (Reeves et al., 

1993). They also described that both male and female presence was recorded and that 

bottlenose whales were typically found in groups of two or more, in contrast to sperm 

whales, where those found in the high latitudes were lone males (Reeves et al. 1993).  

Compton (2004), also focused on northern bottlenose whales in his publication. He made 

an attempt to characterize and model potential habitat niches that would be preferable for 

northern bottlenose whales and tried to identify areas where there may be overlap between 

the Scotian Shelf subpopulation and the Labrador-Southern Baffin Bay subpopulation. He 

found out, based on four environmental variables (depth, slope, aspect and sea surface 

temperature), that the most suitable core habitat was along the continental slope on the 

southern part of the Davis Strait sill (sill location written in Figure 6). Therefore, if there 

was mixing between the two subpopulations, the Labrador-Southern Baffin Bay 

subpopulation would most likely utilize this habitat and distribute themselves along the 

shelf.    

A COSEWIC review for the Labrador-Southern Baffin Bay subpopulation was done 

recently, in 2011 (COSWEIC, 2011b). The review stated that the whales were found in 

areas of deep water and latitudes higher than 40oN. The review was conflicting in its 

conclusions where while it stated that aspects of the population were unknown, it also 



 

stated that the population is not declining. Whitehead and Hooker (2012) published a paper 

the next year specifically highlighting the unknown status of northern bottlenose whales. In 

their paper, they said that the information on the current population status was “confusing” 

and because of the unknown influences of life history and human impacts to the species, it 

was “extremely uncertain” (Whitehead & Hooker, 2012, p. 47-48). They discussed 

uncertainties around the migration of the Labrador-Baffin Bay subpopulation, alluding to 

the possible complexity of habitat preference and the inclusion of different ecological 

variables in that habitat preference, dependent on timing and reason for migration. Lastly, 

they challenged the statement that populations are not declining, as it was not probable 

when considering the large amount and nature of anthropogenic activity within their range. 

2.2.6 Northern bottlenose whales' role in the Arctic  

Not much is known about the role that the Labrador-Southern Baffin Bay subpopulation of 

northern bottlenose whale plays in the Arctic ecosystem because there is such a lack of 

data. It is understood that they live in the study area and that they overwinter in this area; 

therefore are probably influenced by its changing environment. Due to the lack of data, the 

lack of management action on the threats, and the small size of the subpopulation, there 

could be an increasing risk of extinction. Based on the above work on distribution and the 

work exposing the uncertainty of the population, it is reasonable to map and attempt to 

characterize the distribution of the subpopulation further as part of this project.  

 

2.3 Baffin Bay and Davis Strait 

Baffin Bay is the larger of the two basins and is characterized by an abyssal plain at its 

centre (2300m depth), narrow channels (Nares Strait) at the north connecting it to the 

Arctic Ocean and on the west (Lancaster Sound and Jones Sound) connecting it to the 

Canadian Arctic Archipelago (CAA) (Figure 6). Furthermore, a narrow continental shelf 

on the Canadian side and wide one on the Greenlandic side encompass Baffin Bay. The 

slope is relatively steep on both sides. Davis Strait connects Baffin Bay with the southern 

Labrador Sea and by extension, the Atlantic Ocean. It is shallower than Baffin Bay, and is 

characterized by a 170m long sill at 650m depth on its southern side (Tang et al., 2004) 

(sill location labeled in Figure 6). The slope of the continental shelf is steepest on the south 
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eastern side of the strait adjacent to the south-west part of Greenland. Outside the mouth of 

Davis Strait at the entrance to the Labrador Sea, the depth descends to over 3000m. 

 

 

Figure 6. Project study site. The boundaries between Baffin Bay and Davis Strait (black 
dashed line), and between Canadian and Greenlandic waters (purple dashed line) are 
defined by the Exclusive Economic Zone (EEZ) (Claus et al., 2016; Natural Earth, 2012; 
Jakobsson, et al, 2012). 



 

2.3.1 Boundaries 

It must be noted that boundaries within the Arctic can be defined differently depending on 

the publication. These can include geographic boundaries (eg. the Arctic Circle), climatic 

boundaries (eg. the 10o July isotherm), or vegetative boundaries (eg. the treeline) (AMAP, 

1998). The boundaries can also include the Exclusive Economic Zone (EEZ), Areas of 

Heightened Ecological Significance (as seen in AMAP/CAFF/SDWG, 2013), Ecological 

and Biologically Significant Areas (EBSA) (as seen in DFO, 2015a) and Arctic Marine 

Ecozones (as seen in Niemi, Paulic & Cobb, 2010). CAFF has also defined a boundary of 

its own (Figure 1). The definition of a boundary can have an effect on what species and 

important marine spaces are included in the management conversation. This was evident in 

the 2015 Framework for Pan-Arctic Network of Marine Protected Areas (PAME, 2015). 

For this project, the EEZ boundary was chosen to define the study area (Figure 6).  

2.3.2  Currents 

There are two distinct currents that flow throughout Baffin Bay and Davis Strait (Figure 7). 

On the east, the West Greenland Current (WGC) drives offshore saline Atlantic water and 

some cold, fresh, Arctic water from Fram Strait around the south tip of Greenland and 

north along the east side of Davis Strait up to Baffin Bay (Hamilton & Wu, 2013) (Figure 

7). Conversely, the Baffin Island Current (BIC) flows on the surface southward along the 

west side of the basin moving Arctic water from Nares Strait, Lancaster Sound and Jones 

Sound towards Davis Strait (Curry, Lee, & Petrie, 2011). There are three water masses that 

are predominant in the basin, a cold upper layer (Arctic Water) that extends from the 

surface to 300m, a warm intermediate layer (West Greenland Intermediate Water) that 

extends to 800m and a bottom layer (Baffin Bay Deep Water) that is relatively contained 

within the abyssal plain (Tang et al., 2004). Curry et al. (2011) presented updated results 

from original measurements taken between 1989 and 1990 for the current processes in 

Davis Strait. They found that in terms of current volume and freshwater movement, there 

was no significant difference between older recordings and present recordings although 

recordings to estimate surface currents were more vigorously performed (Curry et al., 

2011). There remains a strong northward current flow along the west side of Greenland 

and a southern flow along the east side of Baffin Island. The strongest current was over the 

western Greenland slope and where the WGC and the BIC meet. 
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Figure 7. Surface water circulation in Baffin Bay and Davis Strait. Red line denotes 
mooring stations (Curry et al. 2011). 

2.3.3 Temperature and salinity 

In association with water masses, Tang et al. (2004) examined patterns in temperature and 

salinity within Baffin Bay and Davis Strait. In Baffin Bay, they found that temperature was 

at its minimum, -1oC, at 100m and the surface layer increased from 0.1oC to 4oC along the 

south horizontally from the Canadian side to the Greenlandic side. Temperature also 

increased from the north towards the south. In terms of salinity, it was lowest at the surface 

32.5 (no units provided) and higher in the south 34 (Tang et al., 2004). In Davis Strait, 

salinity decreased from east to west, as did temperature. Curry et al. (2011) reported that 

salinity in Davis Strait increased from December to March then remained constant over the 

summer. Furthermore, the sea surface temperature remained constant over summer with 



 

maximum temperature of 6oC obtained in the late summer typically over the shelf (Curry et 

al., 2011). Hamilton and Wu (2013) further discussed the temperature and salinity (again 

no units stated) of Baffin Bay and Davis Strait. Using field observations from data during 

ice-free months and model interpolation it was seen that sea surface temperature (<100m) 

was lower on the west side (-1oC at lowest) than on the east (5-6oC) and that sea surface 

salinity (<100m) was higher in the east (33-34) than in the west (32-33). Further analysis 

of trends in temperature and salinity summarized by Hamilton and Wu (2013) revealed 

surface and depth trends measured at Baffin Island Shelf and in the Baffin Basin. They 

concluded that there was no significant trend in temperature or salinity measured from 0-

50m and a weak decreasing trend in both measured from 50m-200m at the Baffin Island 

Shelf (Hamilton & Wu, 2013). Discussion of sea surface trends was confounded by where 

the depth boundary was drawn. At depths of 600-800m in the Baffin Basin, there was no 

significant salinity trend but there was a positive temperature trend (Hamilton & Wu, 

2013). Measures of sea surface temperature (SST) and sea surface salinity (SSS) were used 

for this project.  

2.3.4 Freshwater 

The primary freshwater inputs for Baffin Bay are Smith Sound, Jones Sound, and 

Lancaster Sound, with Lancaster Sound providing a significant proportion of the fresh 

water (Aagaard & Carmack, 1989). Presently, it is understood that freshwater in Davis 

Strait comes primarily from the output from Baffin Bay with little impact from runoff from 

Baffin Island or Greenland shelves (Curry et al., 2011). As stated above, an amount of 

fresh water also travels into Davis Strait from the Fram Strait. Better monitoring, however, 

must be done as data describing the amount of freshwater transported into Davis Strait are 

limited and inadequate said Tang et al. (2004). Freshwater from Baffin Bay and Davis 

Strait enters the Labrador Sea and is also present in the form of sea ice and icebergs (Tang 

et al., 2004). The freshwater sources and dynamics of Baffin Bay and Davis Strait are 

important because of their influence on the salinity and temperature of the basins and 

because of potential impacts to the larger global ocean currents (Hamilton & Wu, 2013).  

2.3.5 Sea ice 

The basic processes of sea ice formation and depletion in Baffin Bay are well documented 

(Peterson & Pettipas, 2013; Tang et al., 2004). In March, sea ice is at its maximum extent 
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covering the majority of Baffin Bay and the upper part of Davis Strait. By June, the ice has 

retreated along the east side of Davis Strait, near Greenland. By July, northern parts of 

Baffin Bay by outlets from the CAA are ice-free. By October, the majority of Baffin Bay is 

totally ice-free. The ice then starts to advance from the north and by March covers the bay 

and upper Davis Strait. Sea ice formation and depletion are strongly connected to 

atmospheric temperature and conditions, mainly of the North Atlantic Oscillation (NAO) 

and Atlantic Multidecadal Oscillation (AMO) (Peterson & Pettipas, 2013) and therefore 

have decadal variability. Changes in sea ice dynamics directly affect ice-dependent species 

within the Baffin Bay and Davis Strait ecosystem. In the 1980s and 1990s, there had been 

increasing sea ice coverage in Baffin Bay and Davis Strait (Heide-Jørgensen & Laidre, 

2004; Parkinson, 1995; Stern & Heide-Jørgensen, 2003) but in the last two decades many 

have documented a decreasing trend in sea ice coverage (Mudge, Fissel, Martínez De 

Saavedra Álvarez, Marko, & Borg, 2012; Parkinson & Cavalieri, 2012; Hamilton & Wu, 

2013). Mudge et al. (2012) focused on three areas in the north and east areas of Baffin Bay 

and reported that major changes to sea ice are: the declining of sea ice extent overall, and 

earlier clearing in summer in two of three sites of interest. Parkinson and Cavalieri (2012) 

reported that sea ice extent in Baffin Bay/Labrador had declined significantly in each 

season and year, equalling a decrease of approximately 8.5% per decade from 1979 to 

2010. An assessment of sea ice status compiled data from 1979-2013 stated that sea ice 

retreat has started 7 days per decade earlier and sea ice advance had happened 5 days per 

decade later in Baffin Bay (Laidre et al., 2015). This has led to approximately 10-12 more 

days of summer per decade. The situation was worse in the Labrador Sea (Davis Strait 

included) where sea ice retreat had started 9 days per decade earlier and sea ice advance 

has happened 10 days per decade later, leading to approximately 16-20 more days per 

decade of summer (Laidre et al., 2015).  

 

2.4  Management and Conservation in Baffin Bay and 
Davis Strait 

Management of Baffin Bay and Davis Strait is complex for several reasons including the 

large size of the marine space, the transient nature of many species, the co-existence of 

Canadian waters and Greenlandic/Danish waters, the existence of many regulatory bodies 

and different jurisdictional boundaries (section 2.3.1), the co-management regimes with 



 

first nations organisations, and the competing interests of stakeholders. These difficulties 

impact conservation strategies for all species in the area.  

2.4.1 Population-based management 

There are several different documents that exist for cetacean population management in 

Baffin Bay and Davis Strait. In Canada, narwhal, beluga and bowhead whale populations 

are co-managed at the federal level with first nations, through stock assessments, briefings, 

and monitoring of the population status (DFO, 2015b, Fraiser et al. 2015, Richard, 2010). 

The Greenlandic Institute of Natural Resources states that it has been collecting population 

time series data for all important whale species which visit its waters since 2005. This data 

is used for stock assessments and for scientific projects (Greenland Institute of Natural 

Resources, 2015a). The Institute also recognizes the management of cetaceans as a 

collaborative effort since many species occupy other marine spaces together with 

Greenlandic waters over their life time (Greenland Institute of Natural Resources, 2015a). 

Certain management documents recognize the span of species across jurisdictions into both 

Greenlandic and Canadian waters (Frasier et al., 2015) while others exclude particular 

spaces (DFO, 2015a). More investigation, which is beyond the efforts of this thesis, is 

needed to clarify the complex management relationships and responsibilities between 

Canada and Greenland for both endemic and transient species.  

2.4.2 Threat-based management 

Specific threats to cetaceans in the Arctic include climate change, environmental 

contaminants, offshore oil and gas activities, shipping, hunting and commercial fisheries 

(Huntington, 2009). Huntington (2009) highlighted offshore oil and gas activities, and 

commercial fisheries as threats, especially within Baffin Bay. These are similar threats to 

those listed for sperm whales by Evans (1997) and to those listed for northern bottlenose 

whales by Compton (2004) and by Whitehead and Hooker (2012). Impacts from hunting 

pressure have been mentioned in stock assessment documents (Richard, 2010; Fraiser et 

al., 2015) however, most documents keep threat-based tissues seperate from population 

status (DFO, 2015b). In Canada, it seemed that recovery plans were where threats to 

different populations were addressed. (COSEWIC, 2004a; COSEWIC, 2004b; COSEWIC, 

2009). Clarification is also needed to understand what roles Canadian and Greenlandic 

officials play in mitigating threats to shared populations of cetaceans. 
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2.4.3 Protected areas 

There are approximately 18 sites in the Baffin Bay and Davis Strait region that have some 

kind of protective status under the Canadian or Greenlandic governments, as listed by 

CAFF (2010). The total amount of area that is protected is 75,000km2, however, this is 

deceiving as most of these areas are terrestrial and only partially extend into the marine 

environment. Notable marine areas that have been protected on the Canadian side include 

the Niginganiq National Wildlife Area, designated because of the importance of the area to 

bowhead whales, the Qaqulluit National Wildlife Area, designated for the protection of 

breeding fulmars, and the Akpait National Wildlife Area designated for the protection of 

thick-billed murres. These three areas were the latest to be protected, all designated in 

2010. Parks Canada released a feasibility report in 2009 for a “National Marine 

Conservation Area” in Lancaster Sound, which feeds into Baffin Bay and is a very 

important area for many species especially marine mammals like beluga (Parks Canada, 

2010). However, this designation has not been finalized and questions about the timeline of 

its designation are mounting. A notable marine area that has been protected in western 

Greenland is Melville Bay, which was designated for the protection of large marine 

mammals, polar bear, narwhal, and beluga (Jensen, 2003).   

2.4.4 Status listings 

Sperm whales are currently listed as “vulnerable” by the International Union for the 

Conservation of Nature (IUCN) Red List (Taylor et al., 2008a) (the Mediterranean 

subgroup has a separate status). In Canada, the Committee on the Status of Endangered 

Wildlife in Canada (COSEWIC) lists sperm whales as “not at risk”; however, this may be 

misleading as a federal review of their status has not been done since 1996 (COSEWIC, 

2011a). There is no separate listing by Greenlandic officials and instead, they depend on 

listings by international bodies like the IUCN, IWC or the North Atlantic Marine Mammal 

Commission (NAMMCO), for population estimates and status updates (Greenland Institute 

of Natural Resources, 2015b).  

Northern bottlenose whales are listed by the IUCN as "data deficient" (Taylor et al., 

2008b), however, the estimated population of the Labrador-Southern Baffin Bay 

subpopulation is lower than 2000 (estimated 160) which qualifies them under the IUCN 

classification as “endangered”. Since 2011, COSEWIC has listed the Labrador-Southern 



 

Baffin Bay subpopulation with a status of “special concern” (COSEWIC, 2011b). A review 

of the “special concern” status was underway with the commenting period ending in 

February 2014; however no results from the review have been released. Again, 

Greenlandic officials use international bodies to assess the status of northern bottlenose 

whale populations, similarly to sperm whales.   

 

2.5 Methodology 

In his review paper, Austin (2007) stated that one straightforward method for performing a 

species distribution study does not exist, which is why there are so many methods 

(described below) utilized in many different combinations by different studies. This is true 

for the methods used in both plant and animal species distribution projects (Austin, 2007). 

The choice of which collection methods, tests, and models to use is based on several 

factors, even so far as to include the resources that are available, and the investigators’ skill 

level with a particular method. The aim of this section was to provide a basic pathway to 

take in order to perform a cetacean distribution study. A full background of species 

distribution practices and methods was nicely outlined by Franklin (2009).  

2.5.1 Approach 

Consideration for both presence and absence data in spatial distribution studies should be 

taken as the availability or collection of these data types shape the rest of the study. 

Typically, distribution studies use a presence-only or a presence-absence based approach 

(MacLeod, Mandleberg, Schweder, Bannon & Pierce, 2008). Some have suggested that use 

of the absence data creates a more accurate model than presence-only data (Brontons, 

Thuiller, Araújo & Hirzel, 2004) while others claim that presence-only and presence-

absence based studies present relatively similar results (MacLeod et al., 2008). Modelers 

can create more accurate representations of spatial distribution patterns for species with 

presence-only datasets by including points of “pseudo-absence” which are generated from 

the background environment (Engler, Guisan & Rechsteiner, 2004; Phillips et al, 2009). 

Franklin (2009) discussed that pseudo-absences should be created in areas that are 

environmentally similar to the presence locations, in order to avoid over-prediction. 

MacLeod advised that it can be suitable to create a presence-absence model where the 
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locations of similar high taxa but non-focal species act as measurements of pseudo-absence 

for the focal species; this is sometimes termed taxon-based approach (MacLeod, 2016; C. 

MacLeod, personal communication, November 2015). Others have published distribution 

studies using this approach (Lambert, et al. 2011; Lambert, et al. 2014). Values should be 

assigned to data within the same dataset based on one approach, and efforts to mix 

approaches within the same model (eg. taxon-based pseudo-absences and true absence 

measurements) should be avoided (C. MacLeod, personal communication, January 2016) 

in order to assure sound results are generated. For this project, the presence-absence taxon-

based approach was chosen because of the consistent recording of non-focal species in 

areas that were also deemed suitable environment for the focal species, because of the 

increased accuracy of presence-absence based studies and because of the inconsistency of 

effort measurements between the two sightings datasets (datasets described in section 3.3, 

differences in effort described in section 3.6) which resulted in the selection of one data 

type as a measure of absence. 

2.5.2 Data collection 

Documenting cetacean distribution is typically done by obtaining location data using one 

or many of the following methods: through observed sightings from intentionally designed 

experiments or opportunistic reporting, mainly aboard ships (Davis et al., 1998; Hedley et 

al., 2000; Santora & Brown, 2010; Waring et al., 2008), from land-based (Sagnol, 2014) or 

aerial-based studies (Harwood, 2010), from telemetry studies (Curtice et al., 2015; Dietz et 

al., 2008), from acoustic tags and receivers (Barber, Saczuk, & Richard, 2001), from mark-

recapture photo identification (Wimmer & Whitehead, 2004), from archived, historical, or 

previously documented information from the literature (eg. migration routes or known 

areas of aggregation or historic whaling grounds) (Christensen et al., 1992; MacLeod et al., 

2006), and/or from strandings data (McClellan et al., 2014). Traditional ecological 

knowledge where available can aid in whale presence and absence information from which 

broader distributions can be derived (Higdon, Westdal, & Ferguson, 2013). Data for this 

study was obtained from opportunistic sightings recorded aboard ships and from archived 

data. Additional data describing species’ behaviour, environmental parameters, prey 

abundance or the distribution of another species can be collected and included to build a 

better understanding of the distribution of the species of interest. This data can be collected 

in the field at the same time as the location data or after from remote sources and date 



 

matched during the analysis according to the study design. Additional data for this study 

was obtained from remote sources and matched to the time period when the whale 

sightings were recorded. Highlighting the many methods of data collection and the large 

range of data that can be included is important for explaining the complexity of performing 

a cetacean spatial distribution study. It is also important to note that no matter the 

collection method, all data comes with considerations and restrictions, which must be taken 

into account during the analysis. Data considerations are especially important for external 

sources not originally collected by the investigator, and for explaining measurement of 

effort aboard whichever vehicle was used for location data collection. Data considerations 

for this study are further explained in section 5.8. 

2.5.3 Analysis 

Cetacean distribution information can be analyzed in several ways. Descriptions can be 

made of the individuals, the groups, and their relationship to each other, described 

sometimes as abundance and/or species richness measurements. When sightings are 

analyzed per unit area a density measurement can be calculated. Basic descriptive statistics 

can also be done based on the research question and the data used in the study (see Elith & 

Learwick, 2009; Hijmans & Elith, 2013; and Matthiopolous & Aarts, 2015 for a full 

explanation of analysis types). Analysis can also be done by mapping the locations of 

sightings a Geographical Information System (GIS) then by performing spatial statistics 

tests to further analyze the data. For this study, recordings of whale sightings were mapped 

and simple descriptions were made. 

2.5.4 Modeling 

Further examination of the spatial distribution patterns can be done through the use of 

modelling. Species Distribution Modelling (SDM) can help describe the relationships 

between whale data and EGVs past simple statistical tests, and can aid in visualizing 

predictions of future distributions. Again, the modeling method chosen is based on the 

data, data format and research questions for the project. The resources provided above 

(Elith & Learwick, 2009; Hijmans & Elith, 2013; Mattiopolous, & Aarts, 2015) also 

outline details of different modeling techniques as well as advantages and disadvantages 

for those seeking guidance on which is the most appropriate method for their study. In this 

study, a generalized additive model (GAMS) was chosen.  
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2.6 Project Expectations, Motivation, and Reach 

2.6.1 Expectations 

The distribution pattern of sperm whales in the Baffin Bay and Davis Strait was expected 

to be dispersed. This was because, as described above, it is thought that only lone adult 

males with wandering tendencies are those who enter high latitudes. The distribution 

pattern of northern bottlenose whales was expected to be aggregated. It was predicted that 

both sperm whales and northern bottlenose whales would be associated with areas of deep 

water and slope more than with any other environmental variables. These predictions are 

supported by results from research done on these species in other related habitats (section 

2.1.5 and 2.2.5). The results from this study were also expected to be useful for 

management.  

2.6.2 Motivation  

The Labrador-Southern Baffin Bay subpoplation of northern bottlenose whales is very 

small (Whitehead & Hooker, 2012). The status of this population remains unclear due to a 

lack of data but it is understood that they are a vulnerable group. There is also growing 

concern because of similarities that are seen with other endangered subpopulations 

(Scotian Shelf subpopulation).   

There is currently very little information about the activity of male sperm whales at high 

latitudes. This is concerning because it has been suggested that these males play and 

important role in determining reproduction rates for the species (Reeves et al. 1993). There 

is also a lack of formal review of the impact that transient, south originating species are 

having on their high latitude summer feeding grounds. This is concerning because of the 

projected increase in southern species entering Arctic waters as the oceans warm 

(Macleod, 2009).   

This project also came to be because of a desire to make use of sightings data that were 

recorded during fisheries trawl surveys aboard the R/V Pâmiut, a Greenlandic Trawl 

vessel. Showing that these data are valuable could motivate those who are on the surveys 

every year to take more rigorous notes about the cetaceans and to create a useful data 

repository. 



 

2.6.3 Reach 

Larger scientific bodies (eg. CAFF, the National Oceanographic and Atmospheric 

Administration (NOAA), ArcticNet) who report on the status of the Arctic could benefit 

from the findings of this project and could include them in broader assessments. Large 

organizations that are concerned with species management (eg. IUCN, World Wildlife 

Federation (WWF), federal Canadian ministries like the Department of Fisheries and 

Oceans or Environment Canada (DFO) and Environment Canada, and federal ministries in 

Greenland like the Institute of Natural Resources) could use the findings of this project. 

This information could also be helpful for the crew aboard the R/V Pâmiut and scientists 

who are interested in the Canadian Arctic, Baffin Bay and Davis Strait in particular, and/or 

Arctic cetaceans.  
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3 Methods 

3.1 Study Site 

Due to its large size and the distinct differences in effort between the datasets, the study 

site was split for the purposes of this project. The east region of the study site was located 

on the east side of Baffin Bay and Davis Strait segmented by the boundaries of the 

Canadian and Greenlandic EEZ’s defined by the International Hydrographic Organization 

(IHO) (Claus et al., 2016). The west region of the study site was located on the west side of 

Baffin Bay and Davis Strait. The east region of the study site is 671,000 km2 and the west 

region is is 627,000 km2. 

 

3.2 EcoGeographic Variables 

The EGVs decided upon for this project were depth, slope, sea surface temperature, and 

sea surface salinity. The decision to include these particular variables was motivated by the 

literature (see sections 2.1.6 and 2.2.6). Chlorophyll-a data as a proxy measurement for 

productivity was originally considered as one of the predictor environmental variables 

however, it was not pursued further as the initial data that was extracted was sparse and 

unrepresentative of actual productivity values in the study site. Distance to shore was also 

considered but not pursued because of likely covariance with depth. Sea ice could have 

also been a variable of interest, however, since the sightings were mostly recorded during 

an ice-free time it was not considered for this analysis.  

 

3.3 Data Sources and Preparation 

Data for this project was obtained from a variety sources (Table 1). An underutilized long-

term data set of opportunistic sightings seen during 1999 and from 2004-2014 (excluding 

2005, 2007 and 2009) aboard the research vessel R/V Pâmiut, was the primary data source 

for cetacean sightings (DFO, 2014a). These trawl surveys were conducted within the 

Canadian EEZ of Baffin Bay and Davis Strait for the purpose of assessing commercial and 

non-commercial groundfish and shrimp species (M. Treble, personal communication, 



 

October 2015). During the survey, the trawling activity and fisheries sampling were a 

priority and took place during the day and night. Any sightings of marine mammals were 

opportunistic and seem to be recorded with non-standardized methods by many different, 

unspecified science staff or ship's crew. A dataset with locations of trawling was provided 

for the comparison of surveyed area with whale sightings (DFO, 2014b). Inconsistencies in 

whale sightings recording affected the outcome of this project (addressed further in section 

5.6). The secondary source of mammal sightings data was from the History of Marine 

Animal Populations (HMAP) database, first explored through the Global Biodiversity 

Index Facility (GBIF), but because of duplicates revealed in the GBIF, the final dataset 

(Smith, n.d.) was made available directly from John Nichols, (HMAP database editor) with 

additions from the Ocean Biogeographic Information System (OBIS) (OBIS, 2016). The 

HMAP aims to be a repository of archived sightings of whale species from a variety of 

sources in order to obtain a better historical record and is part of the broader Census of 

Marine Life Project. Many of these data came from shore-based and at sea commercial 

whaling.  

Bathymetric data was obtained from the International Bathymetric Chart of the Arctic 

Ocean (IBCAO) (Jakobsson et al., 2012). The slope was derived from it using the raster 

extraction tool in QGIS. SST and SSS values were obtained from the NOAA World Ocean 

Atlas as point values and were interpolated into raster images with assistance from Melissa 

Zweng (NOAA employee) (Locarnini et al., 2006; Antonov, et al., 2006). Two raster 

images for both SST and SSS (four images total) to correspond to the sightings, were 

obtained, one was a decadal average from 1955-1964 to go with the HMAP data and the 

other was a decadal average from 2005-2012 to go with the R/V Pâmiut data. An effort 

was made to obtain values for the environmental variables that were more closely related 

to the time of the sightings in order to have a more grounded model and description of 

correct predictors of the whales’ presence. Since the focus of the project was broad scale, 

decadal averages were deemed appropriate to use as proxies.  

Table 1. Project Data Types, Sources and Details 

Content Source Data and Resolution 

Sperm whale sightings R/V Pâmiut surveys (DFO, 
2014a) and HMAP database 
(Smith, n.d.) retrieved from 

Point locations defined by 
latitude and longitude 
(decimal degrees) of 
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HMAP database editor John 
Nichols with additions from 
OBIS database (OBIS, 
2016).  

varying resolution 

Northern bottlenose whale 
sightings 

R/V Pâmiut surveys (DFO, 
2014a) and HMAP database 
(Smith, n.d.) retrieved from 
HMAP database editor John 
Nichols with additions from 
OBIS database (OBIS, 
2016). 

Point locations defined by 
latitude and longitude 
(decimal degrees) of 
varying resolution 

Non-focal species  R/V Pâmiut surveys (DFO, 
2014a) and HMAP database 
(Smith, n.d.) retrieved from 
HMAP database editor John 
Nichols with additions from 
OBIS database (OBIS, 
2016).	

Point locations defined by 
latitude and longitude 
(decimal degrees) of 
varying resolution	

Bathymetric chart IBCAO (Jakobsson, et al, 
2012) 

500 x 500 grid raster 

Slope  Derived in QGIS from 
bathymetric raster 

Degrees 

Sea surface temperature NOAA World Ocean Atlas 
(Locarnini et al., 2006) 

Two 1/4o grid rasters  

Sea surface salinity  NOAA World Ocean Atlas 
(Antonov, et al., 2006) 

Two 1/4o grid rasters 

Baffin Bay/Davis Strait 
EEZ Boundary 

International Hydrographic 
Organization (Claus et al., 
2016) 

Vector file  

Survey route for R/V 
Pâmiut  

(DFO, 2014b) Point locations defined by 
latitude and longitude, at 
1000th minute resolution  

Land  Natural Earth Data (Natural 
Earth, 2012) 

Vector file, derived from 
10m coastline 

Arctic Circle Natural Earth Data (Natural 
Earth, 2012) 

Vector file 

 



 

3.4 Spatial Analysis 

All sightings and environmental data were imported into the Geographical Information 

System QGIS 2.8. A map was produced using the coordinate reference system (CRS) 

WGS 84/IBCAO Polar Stereographic, showing the locations of all of the whales recorded 

from both the R/V Pâmiut and the HMAP datasets. It was assumed, based on expert advice 

for the HMAP dataset and information on survey routes for the R/V Pâmiut dataset, that 

the sightings were restricted to the Greenlandic EEZ and Canadian EEZ respectively. The 

distributional patterns of the sperm whales and northern bottlenose whales from each 

dataset were inspected. Patterns between whale sightings and environmental variables were 

also reviewed. Heatmaps were generated to gain a better visual representation of where the 

individuals were gathering. The heatmaps were displayed as sightings density 

measurements (not calculations of true abundance). The QGIS point sampling tool was 

then used to extract values of environmental variables at the exact locations of the whale 

sightings. Sightings which showed a corresponding depth value of “0 m” were removed 

from the dataset. Final data tables were produced for sperm whales (one for each side of 

the study site) and for bottlenose whales (only one table from sightings on the west side) 

for model creation. As described above, a taxon-based approach, where the sightings of 

other whale species were used as pseudo-absences, was chosen for the Pâmiut and HMAP 

datasets. The pseudo-absence values also had corresponding environment variable values 

in preparation for statistical modeling (methods for obtaining corresponding environmental 

values followed the same as for the whale sightings). These methods were guided by the 

literature, conversations with experts (C. MacLeod, personal communication, January 

2016; H. Whitehead, personal communication, September 2015) as well as by reference 

books “An Introduction to Using GIS in Marine Biology (2nd Edition)” (MacLeod, 2014a) 

and “An Introduction to Using GIS in Marine Biology: Supplementary Workbook Seven – 

An introduction to Using QGIS” (MacLeod, 2014b). 

 

3.5 Statistical Analysis  

Data tables produced from the QGIS point analysis were further analyzed using the 

statistical program R 3.2.2. GAMS were created using the mcgv package (Wood, 2006). 

Two models were made for sperm whales (one for each side of the study site), and one 
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model for northern bottlenose whales on the west side. Since only five northern bottlenose 

whales were recorded in the HMAP dataset, no model was made for the east side as the 

number was deemed too low to produce valid results and predictions for whale presence. 

In this project, an odds ratio (probably of presence/absence) was considered from the data. 

This method links the response (presence or absence) with the predictor variables (EGVs) 

through a logit function. As a result, a binomial distribution family type was used in the 

model. A pairwise plot and Variance Inflation Factors (VIF) of the environmental variables 

were computed to examine covariance. Multiple models were produced with varying 

number of explanatory variable combinations and the model with the lowest Akaike’s 

Information Criteria (AIC) value was selected as the best-fit model. The variables that 

were included in each of the best-fit models for each of the scenarios are the ones that are 

the most important for predicting the response (the probability of the presence of the whale 

species). The estimated values in the coefficients table were examined to see if there was a 

positive or negative correlation between the response variable and the explanatory variable, 

these can be visualized with GAMS plots. The p-value was examined to see if the 

explanatory variable was significant. Once the best-fit model was determined, independent 

values for the corresponding study area were extracted from QGIS and brought into R in 

order to predict the presence of the whale of interest. These predictions were then used in 

QGIS to make predictive maps.  

 

3.6 Effort  

The effort listed in the HMAP dataset was only provided as very general information. The 

records were listed with “shore whaling” or “pelagic whaling” effort. Although start and 

end dates were included, information on the full length of the whaling trip per vessel was 

unable to be determined and the information on the route of the vessel was not included in 

the dataset. Therefore, a sightings per unit effort (SPUE) index was not calculated. 

However, the models used a taxon-based approach and therefore, effort was not corrected 

for and was not as vital to the model as it would have been in an effort-based approach.  

The whale sightings dataset provided by the R/V Pâmiut surveys was accompanied by 

effort information. These data had positional information (latitude and longitude) for start 

and end locations of each trawl from which proxy survey tracks were created using the 



 

points2one tool in QGIS. These data were merged together to give an idea of the overall 

spatial distance covered by the surveys. Since whale recording methods were not 

standardized, a preliminary index of effort was computed by calculating the relative 

number of times the survey passed through an area over the 9 years of surveys. This 

method was to try to understand if more whales were sighted in areas where the vessel was 

surveying more often. This was done by making a grid of the study area and computing the 

value of the number of survey lines intersecting the particular grid squares. This was done 

using the MMQGIS plugin.  

There were more limitations with the effort calculation (section 5.6) however, it was a 

worthwhile value to consider when examining bias between whale sightings and 

determining areas of critical habitat with areas that were heavily surveyed.   
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4 Results 
As described above, the study site was split in half, the east region, and the west region, in 

order to make models that corresponded to the effort of each respective dataset. Broad 

generalizations of the entire study area could not be made from datasets of such apparent 

differences in concentrated effort both in space and time and therefore the data were not 

combined during modeling. The results were arranged in accordance with the study site 

division. 

 

4.1 East  

In total, 1531 whales were recorded in the east region, 142 sperm whales and 5 northern 

bottlenose whales (Figure 8).  



 

 

Figure 8. All whale sightings in east region of the study site (Smith, n.d.; OBIS, 2016; 
Natural Earth, 2012; Claus et al., 2016). 

At first glance, the whales seemed to be distributed along the southern coast of Greenland 

with higher concentrations near Ilulissat and between Sisimiut and Nuuk. It must be noted 

that details stating where vessels travelled but where whales were not recorded was unclear 

from the original data source and therefore conclusions about sightings recorded along the 

north coast of Greenland cannot be made. As for the species of interest, the heatmap in 
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Figure 9 showed that sperm whales had higher sighting density in the southern areas, 

closer to Nuuk, and in one spot of very high concentration south of Sisimiut. Since only 

five northern bottlenose whales were recorded in this dataset, this was deemed too small of 

a number to derive any conclusions and analysis was not continued.  

 

Figure 9. Heatmap of sperm whale sightings in the east region of the study site. Output 
from QGIS calculates sightings per area (radius of 30km) (Smith, n.d.; OBIS, 2016; 
Natural Earth, 2012; Claus et al., 2016). 



 

The whales from this dataset were recorded between 1924 and 1990 (Figure 10) and were 

mostly recorded during the summer months (Figure 11).  

 

Figure 10. Total number of whales sighted in the east region of Baffin Bay and Davis 
Strait per decade (Smith, n.d.; OBIS, 2016). 

 

Figure 11. Total number of whales sighted in the east region of Baffin Bay and Davis 
Strait per month (Smith, n.d.; OBIS, 2016). 
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4.1.1 Environmental variables  

Average decadal sea surface temperature during the summer from 1955-1964 in the east 

region of the study site ranged from -0.6oC to 7.7oC. The sea surface temperature was 

lower in the northern area and warmer in the southern area with a warm area next to 

Ilulissat (Figure 12). The average decadal sea surface salinity during the same time period 

ranged from 27.5 psu to 34.5 psu. In general, lower surface salinity water was in the north 

and higher surface salinity water was in the south (Figure 13). However, an area of higher 

salinity water was present off of Ilulissat in the middle of the east region. The depth in this 

area reached lower than 3000m to the south of Davis Strait and was shallowest closer to 

shore, along the continental shelf and along the Davis Strait sill (Figure 14). The slope of 

the continental shelf was very steep in the southern most part of the area >5% and less 

steep along the Davis Strait sill and along the wide continental shelf in the middle of the 

area <1% (Figure 15). 

 

Figure 12. Sea surface temperature (SST) and whale sightings. SST interpolated from a 
decadal average from 1955-1964 (Locarnini et al., 2006; Smith, n.d.; OBIS, 2016; Natural 
Earth, 2012; Claus et al., 2016). 

 



 

 

 

Figure 13. Sea surface salinity (SSS) and whale sightings. SSS interpolated from a decadal 
average from 1955-1964 (Antonov, et al., 2006; Smith, n.d.; OBIS, 2016; Natural Earth, 
2012; Claus et al., 2016). 

 

 

Figure 14. Depth and whale sightings (Jakobsson, et al, 2012; Smith, n.d.; OBIS, 2016; 
Natural Earth, 2012; Claus et al., 2016). 
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Figure 15. Slope and whale sightings. Slope derived in QGIS from depth raster 
(Jakobsson, et al, 2012; Smith, n.d.; OBIS, 2016; Natural Earth, 2012; Claus et al., 2016). 

 

4.1.2 Covariance   

Since environmental variables can be related to each other and introduce bias in the model, 

a test for covariance was run before any modeling was done. Figure 16 shows the results of 

the pairwise plot indicating that none of the variables were covariated with each other as 

none were above a value of 0.8, the accepted value. The variance inflation factors were 

also calculated and did not indicate covariance between the variables (Table 2). 



 

 

Figure 16. Covariance investigation for environmental variables considered for the best-fit 
generalized additive model for sperm whales on the east region of the study site. 

4.1.3 Sperm whale model 

The best-fit model formula for sperm whales was that the probability of predicting their 

presence (Pr(SW)) was proportional to all of the variables, sea surface temperature, sea 

surface salinity, depth and slope, in the area given the logit link function (f). 

 

Pr(SW) α f[Temperature + Salinity + Depth + Slope]  

 

This model explained 24.8% of the deviance and had the lowest AIC value of 610.29 

amongst all other models. The coefficients table summarized the best-fit model variables 
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and the corresponding significance denoted by the p-values (Table 2). All variables were 

significant except slope. Plots of the variables included in the best-fit model were created 

to better describe the relationship between the variables and the whale presence (Figure 

17). These plots showed a negative relationship between the probability of presence of the 

sperm whales and depth, as well as with slope. They also showed a non-linear relationship 

between the probability of presence and sea surface temperature, as well as with sea 

surface salinity.  

Table 2. Regression best-fit models for sperm whales and northern bottlenose whales ( x  - 
represents variables not included in best-fit model, */**/*** denotes significance) 

Species  Study site 
region for 
model 

Variables 
included in 
model 

p-value R2(adj) VIF 

Sperm whale  East Depth 

Salinity 

Temp 

Slope 

1.25e-15 *** 

2.77e-06 *** 

1.88e-11 *** 

0.119     

- 

- 

- 

-   

0.256  

1.466303 

1.073808 

1.018214 

1.431520 

 

Sperm whale West Depth x 

Salinity 

Temp x 

Slope x 

- 

0.0083 ** 

- 

- 

- 

- 

- 

- 

0.122    

1.155351 

9.595056 

9.554934 

1.141517 

Northern 
bottlenose whale 

West Depth 

Salinity 

Temp x 

Slope x 

0.0102 * 

0.0419 * 

- 

- 

- 

- 

- 

- 

0.156    

1.155351 

9.595056 

9.554934 

1.141517 

 



 

 

 

Figure 17. Results of east side sperm whale generalized additive model. Sea surface 
temperature (TEMP), sea surface salinity (SALINITY), depth and slope all included in the 
best-fit model. The doted lines represent the 95% confidence interval. 
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4.2 West 

In total 257 whales were recorded, 12 sperm whales sighted and 214 northern bottlenose 

whales. The whales seemed to be sighted in the south-centre, mostly along the northern 

edge of the Davis Strait sill, with a handful of sightings south into Davis Strait (Figure 18). 

Heatmaps for the focal species, northern bottlenose whales and sperm whales (Figure 19) 

showed them distributing themselves roughly on the north and south sides of the Davis 

Strait sill but not directly above it. 



 

 

Figure 18. Total whales sighted on the west region of the study site. Survey lines shown to 
gage spatial coverage of R/V Pâmiut annual surveys (DFO, 2014a; DFO, 2014b; Natural 
Earth, 2012; Claus et al., 2016). 
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Figure 19. Heatmaps of northern bottlenose density and sperm whale density on the west 
region of the study site. Output from QGIS calculates sightings per area (30km radius) 
(DFO, 2014a; Natural Earth, 2012; Claus et al., 2016). 



 

These whales were recorded between 1999 and 2014 and were mostly recorded during 

October (Figures 20 and 21). 

 

Figure 20. Total number of whales sighted in the west region of Baffin Bay and Davis 
Strait per year (DFO, 2014a). 

 

Figure 21. Total number of whales sighted in the west region of Baffin Bay and Davis 
Strait per month (DFO, 2014a). 
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4.2.1 Effort  

The best estimate for survey effort for this study, given the data limitations (section 5.6), 

was to compute an index displaying the number of times the vessel passed through the 

cells of the grid (5x5km) over the 9 years of surveying. Figure 22 shows green cells, where 

the vessel route passed over the cells between one and three times, orange cells where the 

vessel route passed over the cells between three and five times, and red cells where the 

vessel route passed over the cells between five and seven times. Higher effort was seen in 

the middle of the study area near Qikiqtarjuaq and between Qikiqtarjuaq and Clyde River. 

Some of these areas conincided with recorded sightings (whale sightings denoted by 

circles). However, there were a handful of sightings in the south of the study site where 

there was low effort and high effort by Clyde River where there were fewer sightings. 

There was low effort calculated for the north of the study site near Pond Inlet where no 

whales were sighted and in the south of the study site near the bottom of Baffin Island 

where some whales were sighted. 



 

 

Figure 22. Survey effort and whale presence. Figure created to analyze uneven survey 
effort throughout study site leading to possible bias in interpreting critcal habitat for 
whales (DFO, 2014a; DFO, 2014b; Natural Earth, 2012; Claus et al., 2016; Jakobsson, et 
al, 2012). 

4.2.2 Environmental variables 

Corresponding environmental variable values to sightings are pictured below. The average 

decadal sea surface temperature ranged from -1.5oC to 4.5oC. As expected, the northern 

areas were colder than the southern areas (Figure 23). The average sea surface salinity 

ranged from 30.23 psu to 34.32 psu. The lowest sea surface salinity was off of Baffin 

Island close to Qikiqtarjuaq and close to Pond Inlet. Higher sea surface salinities were to 

the north and south of those two regions (Figure 24). The depth on the west side reached 

3000m south of Davis Strait and shallower areas are on the continental shelf and at the 

Davis Strait sill (Figure 25). The slope was measured greater than 5% only in two places, 

both at the mouth of Lancaster Sound. Steeper areas >5% were more frequent in the 

northern part and less steep slopes were recorded on the continental shelf and in the south 

along the Davis Strait sill (Figure 26). 
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Figure 23. Sea surface temperature (SST) and whale sightings. SST interpolated from a 
decadal average from 1955-1964 (Locarnini et al., 2006; DFO, 2014a; Natural Earth, 
2012; Claus et al., 2016). 

 

   



 

 

Figure 24. Sea surface salinity (SSS) and whale sightings. SSS interpolated from a decadal 
average from 1955-1964 (Antonov, et al., 2006; DFO, 2014a; Natural Earth, 2012; Claus 
et al., 2016). 

 

Figure 25. Depth and whale sightings (Jakobsson, et al, 2012; DFO, 2014a; Natural 
Earth, 2012; Claus et al., 2016). 
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Figure 26. Slope and whale sighting. Slope derived in QGIS from depth raster (Jakobsson, 
et al, 2012; DFO, 2014a; Natural Earth, 2012; Claus et al., 2016). 

4.2.3 Covariance 

The results of the pairwise plot indicated that sea surface temperature and sea surface 

salinity were highly covariated at 0.94 (Figure 27). Variance inflation factor was also 

calculated and showed a high covariance between sea surface temperature and sea surface 

salinity (Table 2). Therefore, models were made with the variables separate from each 

other. The models which included sea surface temperature had higher AIC values 

compared to the models with sea surface salinity, and therefore sea surface temperature 

was discarded from the model options. 



 

 

Figure 27. Covariance investigation for environmental variables considered for the best-fit 
generalized additive model for sperm whales on the west region of the study site. 

4.2.4 Sperm whale model 

The best-fit model formula for sperm whales was that the probability of predicting their 

presence (Pr(SW)) was proportional only to the sea surface salinity (Salinity in the model) 

in the area given the logit link function (f). 
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This model explained 13.6% of the deviance and had the lowest AIC value of 49.44 

amongst all other models. The p-value and R2 values are displayed in the coefficients table 

(Table 2). A plot of the salinity was created to better describe the relationship between it 

and the presence of sperm whales (Figure 28). This plot shows a positive linear 

relationship between salinity and the probability of whale presence.  

 

Figure 28. Results of the west side sperm whale generalized additive model. Sea surface 
salinity (SALINITY) was the only variable included and therefore pictured in the best-fit 
model. Salinity had a positive relationship with the sperm whale presence. The doted lines 
represent the 95% confidence interval. 

4.2.5 Northern bottlenose whale model 

The best-fit model for northern bottlenose whales was that the probability of predicting 

their presence (Pr(BNW)) was proportional to the sea surface salinity (labeled Salinity in 

model) and depth in the area given the logit link function (f). 

 

Pr(BNW) α f[Salinity + Depth] 
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This model explained 15.6% of the deviance and the lowest an AIC value of 72.176 

amongst all of the models. Only depth and sea surface salinity (Salinity in the model) were 

included as important variables for predicting the presence, denoted by their corresponding 

p-values (Table 2). The relationship between the probability of presence and the 

environmental variables included in the model are seen in Figure 29.  

 

Figure 29. Results of the west side northern bottlenose whale generalized additive model. 
Sea surface salinity (SALINITY), and depth are all included in the best-fit model. Depth 
and salinity have negative relationships with whale presence. The doted line represents the 
95% confidence interval. 
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4.3 Predictions 

Using the best fit models, it was possible to predict where in the whole study area the 

sperm whales and northern bottlenose whales could be found. Northern bottlenose whales 

were more likely to be in the south of Davis Strait and in central Baffin Bay (Figure 30). 

Also in the west region, sperm whales were more likely to be in the south. In the east, 

sperm whales were more likely to be in the south, but distinctively offshore of Greenland. 

They were also predicted to be in small patches in the north.  



 

  

  

Figure 30. Predicted areas of presence for northern bottlenose whale in the west region 
and for sperm whales in the west and east regions. Predictions are based only on those 
EGVs included in the GAMS models and should not be interpreted as absolute distribution 
patterns (DFO, 2014a; Natural Earth, 2012; Claus et al., 2016).
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5 Discussion 

5.1  Northern Bottlenose Whales 

5.1.1 Spatial distribution patterns 

The results from mapping the spatial distribution of northern bottlenose whales in Baffin 

Bay and Davis Strait (Figure 18, Figure 19) did not show any range expansion when 

compared to the known range depicted by the IUCN (Figure 4) and by DFO (Figure 5). 

However, due to the high sighting density on the central west side, the results suggested 

that this area should be investigated as a possible hotspot for the Labrador-Baffin Bay 

subpopulation. Currently, critical habitat areas are not listed and the subpopulation’s 

distribution seems to be uniform (Figure 5).  

The high sighting density in the central west region of the study site was not expected and 

it was thought that the northern bottlenose whales would be more evenly distributed 

perhaps along the continental slope, but this was not the case. Previous studies also show 

sightings of northern bottlenose whales in the south of Davis Strait (Reeves et al., 1993) 

where habitat was predicted to be suitable (Compton, 2004), but not in central Davis Strait. 

5.1.2 Model results 

The best-fit model in the west region included sea surface salinity and depth as significant 

predictor variables (Figure 29, Table 2). When the GAMS plots (Figure 29) were explored 

it became evident that there was a negative linear relationship with sea surface salinity, 

which suggested that northern bottlenose whales were more likely to be present in lower 

salinity waters, and a negative relationship with depth for which suggested that the whales 

were more likely to be present in deep water. These results did not match the expectations. 

Slope was expected to be included in the model as a predictor variable, as it had been in 

other studies (Hooker et al., 2002; Santora & Brown, 2010), as it could have been an 

indicator for productive upwelling sites, but it was not. Either the whales sighted in this 

thesis project were choosing different niche areas in the Arctic than those southern 

subpopulations or frontal zones are a better indicator of productivity in this area and were 

chosen over slope areas, which are normally more closely associated with productivity. 



 

It was surprising that presence of the northern bottlenose whales was associated with lower 

sea surface salinity as the opposite was expected. Higher salinity is typically more closely 

associated with upwelling and areas of higher productivity, where it was expected the 

whales might be choosing to feed. 

Many studies have been done linking bottlenose whale presence and deep water (Reeves et 

al., 1993; Hooker, 1999; Hooker et al., 2002; Wimmer and Whitehead, 2004; Compton, 

2004; Santora & Brown, 2010). As explained by studies focused on the Scotian Shelf 

subpopulation, northern bottlenose whales were most likely found in areas of deep water 

likely because they are foraging on squid. Studies of diving behaviour of these whales have 

discussed plausible links between benthic foraging and the diving behaviour (Hooker, 

1999). The model in this project aligns with the results from these previous studies (the 

influence of prey is further discussed below). 

As for sea surface temperature, Reeves et al. (1993) recorded the presence of northern 

bottlenose whales in waters of -0.9 oC to -1.3oC, while this project recorded their presence 

in waters with an average sea surface temperature of -0.6oC. Few studies have looked at 

the relationship between northern bottlenose whales and sea surface temperature so it is 

difficult to say if this project is supported by other literature. 

While model results suggested relationships between EGVs and northern bottlenose whale 

presence there is hesitation to make too many conclusions because of the robustness of the 

model methods (see section 5.8). Stronger conclusions are suggested from the spatial 

distribution mapping results.  

 

5.2 Sperm Whales 

5.2.1 Spatial distribution patterns 

The results from mapping the spatial distribution of sperm whales in Baffin Bay and Davis 

Strait (Figure 8, Figure 9) showed that there could be a northward increase in their range in 

the west region when compared to the known range depicted by the IUCN (Figure 3). 

Areas of high sighting density, accumulated over the 70-year time frame, in the east region 

(Figure 18, Figure 19) suggested that this area could be an important hotspot for those 
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visiting individuals (see sections 5.4 and 5.5). The location of high sighting density was 

surprising. It was expected that sperm whale sightings would be higher at the southern tip 

of Greenland due to the steeper slope and possibly high nutrient availability due to 

upwelling. However, few whales were sighted in this area.    

There were no distinct areas of high sighting density in the west region. This could be due 

to a shorter time scale for data collection (9 years of data included) than the east region 

dataset and also because of a low number of sightings comparatively. It could also be 

because of the wandering nature of lone male sperm whales, who do not form high latitude 

schools as far as we know (lone males were similarly seen in Christensen et al., 1992).  

The locations of the sightings of the sperm whales, primarily between 61oN and 71oN on 

the west side and 60oN and 69oN on the eastern side were comparable to the documented 

locations of other sperm whales in high latitude Atlantic waters (Christensen et al., 1992; 

Evans, 1997; Weir et al., 2001; Teloni, et al. 2008). Weir et al. (2001) displayed the 

locations of sperm whales sighted north of the British Isles more evenly along the 1000m 

isobath. This pattern could be investigated in the future in Baffin Bay and Davis Strait in a 

smaller scale study.   

Confirming whether these areas of high sighting density are important for sperm whales 

and examining if they are critical habitat for seasonal visitors are important next steps.  

5.2.2 Model results  

The best fit model for the east region showed that all variables were included as predictors. 

However, slope was not deemed to be a significant predictor variable compared to the 

others. When reviewing the GAMS plot for this model it was possible to state that the 

presence of these whales was more likely in areas of deep water, sea surface salinity 

around 32.5 psu, and sea surface temperature lower than 3.5oC and around 5oC (Figure 17). 

It was expected that depth and slope were included in the model but it is still unclear what 

the relationship between sperm whale presence and sea surface temperature and with sea 

surface salinity since particular values were produced by the model. 

Only sea surface salinity was included as the predictor variable for sperm whale presence 

in the west region best-fit model (Table 2). By looking at the GAMS plot, the probability 

of the presence of sperm whales was higher in areas of higher salinity (Figure 29). This 



 

was an expected result, as it was likely that salinity was acting as a proxy for nutrient rich, 

Atlantic water where sperm whales could be feeding. It was unexpected that other 

variables were not included in the best fit model, especially depth and slope. 

Other studies have shown a positive linkage between sperm whale presence and deep water 

(Davis et al., 1998; Waring et al., 2008; Sagnol, 2014; Cañadas, Sagarminaga, García-

Tiscar, 2002). But, many of the studies that have shown a relationship between sperm 

whale sightings and deep water have been done in areas within defined submarine canyons 

(Whitehead et al. 1992; Waring et al., 2008; Sangol, 2014) and Baffin Bay and Davis Strait 

do not have any submarine canyons. However, upon closer visual inspection of the 

sightings from the Greenlandic side, many sightings can be seen off of the continental shelf 

within areas where there are smaller canyon-like features while on the west side there are 

none (Figure 14, Figure 25). This could explain the discrepancy in the variables included in 

the model between the two sides, however, may not be enough of an explanation as to why 

depth was not included at all in the west region model.  

Along with depth, a relationship was expected between sperm whale presence and slope. 

Upon reviewing the literature it seemed that the relationship between presence and slope is 

unclear. While Baumgartner et al. (2001) found that sperm whale presence was most 

frequent over the continential slope and in deeper gulf waters, Waring et al. (2008) stated 

that sperm whales sighted along the Mid-Atlantic Ridge were not associated with the slope 

unless it was that of a seamount. Gregr and Trites (2001) found a strong association 

between sperm whale presence and slope, however, they noted that there was seasonal 

variability. A closer investigation into the influence of slope on the presence of sperm 

whales in Baffin Bay and Davis Strait may have to be done.  

In early work by Gosho et al. (1984), it was speculated that temperature could be a 

contributing factor to the geographic separation between male and female sperm whales, 

stating that female sperm whales could not tolerate temperatures lower than 10oC but not 

providing an estimate for a lower limit for male tolerance. The west region of this study 

recorded sperm whale presence in waters with an average sea surface temperature of 0.6oC 

and in the east with an average of 4.7oC. This makes sense according to seasonal 

differences in the Arctic but was difficult to compare to other literature, which is mostly 

from non-Arctic areas (Whitehead et al., 1992; Sagnol, 2014). Furthermore, the 
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relationship between sea surface temperature and presence may be biased as broad decadal 

averages with large grid sizes were used which could not capture local variability. Lastly, 

since sperm whales have a global distribution, it is also possible that they are able to 

tolerate a wide range of temperatures, which may negate temperature as an overall 

indicator of the likelihood of their presence anyway. 

Literature linking salinity (sea surface and sub-surface) to sperm whale presence is sparse. 

Sea surface salinity is not typically included as a variable in models. However, those that 

did include it have mixed findings. Gregr and Trites (2001) stated that peak salinity at 

depths was included as an important variable in their generalized linear model for 

predicting male sperm whale presence. However, Davis et al. (2002) found that salinity did 

not have a relationship with sperm whales presence, and moreover all other whales in his 

study except sperm whales had more of a relationship with high salinity than low. Changes 

in salinity in Baffin Bay and Davis Strait are influenced by the melting of sea ice, the input 

of fresh Arctic water from the north and the input of warm saline water in the south. 

Salinity can be used as a proxy to identify physical oceanographic features eg. eddies, 

fronts and cyclones, (Davis et al., 2002) which themselves might have a relationship with 

whale presence more than salinity on its own and therefore variability in this model could 

be due to the presence of physical oceanographic features. 

Similar to the northern bottlenose whale GAMS results, the results from the sperm whale 

models are interesting to consider but do not allow for general conclusions to be made 

about the predictive ability of the EGVs for sperm whale presence in Baffin Bay and Davis 

Strait. Limitations to modeling methods are discussed further in section 5.8. Conclusions 

can be more confidently drawn from the spatial distribution mapping results.  

 

5.3  Frontal Zone Importance 

The area where sperm whales were aggregating near Nuuk is next to a highly productive 

fishing ground called Fylla Bank (Garde, 2014). This area is subject to high productivity 

for prolonged periods of time due to the meeting of the Immigrer Current with the East 

Greenland Current together with the influence of glacial runoff and fresh water from the 

adjacent fjord (Garde, 2014). Since areas of high productivity indicate favourable prey 



 

grounds and frontal zones and water mass mixing are drivers in this area, this further 

supported the discussion of frontal zones as a predictor variable for sperm whale presence 

at high latitudes. It also provided an alternative measure for productivity from chlorophyll-

a data which was not reliable.  

According to Acha, Piola, Iribarne, and Mianzan (2015), frontal zones are areas in the 

ocean where there are steep horizontal gradient changes and dynamic energy complexities 

due the interactions of water masses. These water masses typically have vastly different 

temperature and salinity values and as a result, differences in density values. These 

differences together with the influence of the direction of the movement of the water 

masses, have an impact on the type of circulation patterns when and where the masses 

meet, forcing downwelling or upwelling (Acha et al., 2015). Frontal systems can exist in 

many different forms, from an interaction between different water masses within estuaries, 

an interation at major currents like at the Gulf stream, or at an interaction of intermediate 

water masses (Ginzburg & Kostianoy, 2002). Although frontal zones can fluctuate over 

space and time, some appear to be quasi-stationary, for example, the Subtropical Front 

which forms from the interaction of currents from the Indian Ocean with those from the 

Southern Ocean. 

Acha et al. (2015) explained that frontal zones are areas of high productivity and have an 

impact on species at every trophic level. At frontal zones, there are productive fishing 

grounds (Alemany, Acha, & Iribarne, 2014) and records of the presence of both toothed 

and baleen whales (Doniol-Valcroze, Berteaux, Larouche, & Sears, 2007). When re-

examining the literature cited for high latitude sperm whale distribution (Christensen, et 

al., 1992; Weir et al., 2001; Sagnol, 2014), a possible overlap between where the whales 

are sighted and where there are frontal zones can be seen (Kostianoy & Nihoul, 2009; 

Miller & Christodoulou, 2014;) Furthermore, Olson (2002) talked extensively about the 

importance of frontal zones to the sperm whales, in general citing dense aggregations of 

the whales associated with western boundary current fronts. He went as far as to suggest 

that sperm whales can acoustically sense frontal zones and prey that are associated with 

them (Olson, 2002). 

A suggested reason for the distribution pattern of sperm whales in Baffin Bay and Davis 

Strait was that they are occupying a frontal zone niche. As mentioned above, a Greenlandic 
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assessment report explicitly stated that the Fjalla Banks region is productive because it is a 

frontal zone and in comparison with the heatmap, this is where the highest number of 

whales is (Figure 8, Figure 9) (Garde, 2014). However, since there was no pattern of sperm 

whale distribution for the west region of this study, a relationship between their presence 

and a frontal zone could not be concluded on that side.  

When examining the literature, physical properties, including sea temperature, sea salinity, 

and currents in Baffin Bay and Davis Strait, appear to be complex systems (Tang et al., 

2004; Curry et al., 2011; Hamilton & Wu, 2013). Lobb, Weaver, Carmack and Ingram 

(2003) suggested a frontal zone in the high north part of Baffin bay resulting from cold 

Arctic waters coming south through Nares Strait meeting the WGC coming from the south. 

A regional map displayed in Lobb and colleague’s publication (2003) showed the BIC 

heading south along Baffin Island towards Davis Strait, but in the region north of the Davis 

Strait sill, the current branches off towards the east. The WGC heading north along 

Greenland was depicted as branching towards the west just below the sill in Lobb and 

colleague’s publication (2003). This could suggest that currents in these areas are more 

complex than previously thought and interacting with the sill. Curry et al. (2011) analyzed 

water masses and currents between Baffin Island and Greenland, close to the north of the 

Davis Strait sill (Figure 7) and found the strongest signal of the meeting of the BIC and 

WGC along the continental shelf of Greenland and weaker velocity further offshore. This 

does not support the idea that frontal zones are forming in more offshore waters where 

whales were sighted. There should be more investigation into frontal zones as a predictor 

variable for high latitude sperm whales and for the Labrador-Southern Baffin Bay 

subpopulation of northern bottlenose whales. This could include creating another spatial 

model including values for frontal zones.  

 

5.4 Foraging Ecology 

Another explanation for distribution patterns of sperm and northern bottlenose whales is 

the role of prey and prey distribution. It is generally understood that sperm and northern 

bottlenose whales are generalist feeders but most commonly prey on species of cephalopod 

and fish (section 2.1.2, and 2.2.2). Sources suggest that these prey and their distributions 

have an influence on the distribution of the whales (Clarke, 1996; Bjørke, 2001). Due to 



 

data constraints, prey information and proxy data to represent prey were not included in the 

models, therefore, exact relationships between whale presence and prey could not be 

concluded however it is important to discuss their influence for future work. 

5.4.1 Cephalopods   

Cephalopods (including squid, octopus, cuttlefish) are an excellent source of protein and 

are somewhat easy to catch making them ideal prey for cetaceans (Clarke, 1996). The most 

prevalent cephalopod species present in Arctic waters are a type of squid called Gonatus 

fabricii (Bjørke, 2001). It exists at a range of depths based on life stage, which supports the 

deep diving nature of the whales in their search for prey. Bjørke (2001) stated that Gonatus 

fabricii in Norwegian waters was preyed upon by many species including sperm whales 

and northern bottlenose whales. He went on to suggest that predators in the Norwegian Sea 

were seeking out high abundance areas of aggregated cephalopods that were often in 

spawning areas instead of individuals in non-spawning areas (Bjørke, 2001). Therefore, the 

location of the spawning areas may be a variable predicting the presence of sperm and 

bottlenose whales. These squid are typically found deep waters (junveniles in the upper 

water column, adults found >400m deep says Bjørk, 2001) with high salinity (> 18ppt says 

Christian, Grant, Meade, & Noble, 2010). These values were comparable to the habitat 

occupied by sperm whales in this study (northern bottlenose whales were seen at 

comparative depths but in this study were found related to lower salinity waters).  

Several species of cephalopod including Gonatus fabricii, Cirroteuthis muelleri, 

Bathypolypus arcticus, Rossia palpebrosa and Rossia moelleri have been recorded in 

Baffin Bay and Davis Strait (Gardiner & Dick, 2010). In their assessment, Gardiner and 

Dick (2010) showed maps of these species concentrated heavily in the east region along 

Greenland, alongside Baffin Island, in concentrated areas in the north Baffin Bay, and 

close to Pond Inlet. The Pond Inlet and north Baffin Bay presence were probably due to the 

influence of the North Water polynya. When reviewing their maps, an overlap between the 

distribution of whales sighted in this study alongside Greenland and along the southern 

part of Baffin Island can be seen. However, when comparing Gardiner and Dick’s (2010) 

maps, overlap was not seen between the cephalopods recorded in Pond Inlet, or in the 

north of Baffin Bay, with sperm or bottlenose whales sighted as part of this study. There 
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was an overlap between known narwhal distribution (Laidre et al., 2004) and the 

cephalopod distribution that was shown in Gardiner and Dick’s assessment (2010).  

5.4.2 Competition for cephalopods 

According to Clarke (1996) almost 90% of all toothed whales consume cephalopods as 

part of their diet. In the Baffin Bay and Davis Strait this includes toothed whales like 

narwhal and beluga whales. Although the number of species of toothed whale in the Arctic 

is lower compared to other areas, as the presence of southern boreal species (i.e. killer 

whale and pilot whale (Globicephala melas)), who prey on cephalopods, increases then 

competition with sperm and northern bottlenose whales for prey could increase. Sperm 

whales and northern bottlenose whales may also need to compete with non-cetacean 

predators of cephalopods, these include harp seals (Pagophilus groenlandicus), hooded 

seals (Cystophora cristata), bearded seals (Erignathus barbatus), and Greenland halibut 

(Reinhardtius hippoglossoides) (Gardiner & Dick, 2010). Due to this competition, sperm 

and northern bottlenose whales may choose different habitats to occupy, influencing their 

overall distributional patterns. There is evidence for this in the 'Gully' where northern 

bottlenose whales and sperm whales are segregated even from each other in order to 

occupy different foraging locations (Whitehead et al., 1992). This study did not address the 

presence of sperm whales and northern bottlenose whales on each other, but the heatmaps 

of the species in the west region show that their sighting density locations do overlap 

(Figure 19). A more localized study would have to be done to see if there is any interaction 

between the species that is influencing habitat selection. Selecting different habitats based 

on competition for prey could be one reason why there is no presence of sperm or northern 

bottlenose whale in the areas of high cephalopod concentration in Pond Inlet and northern 

Baffin Bay as those areas may already be occupied by narwhal who could be preying on 

the cephalopods.  

It has also been suggested that the reason male sperm whales even enter the Arctic is to 

avoid competition for prey with female sperm whales in the south (Teloni et al., 2008). If 

more sperm whales themselves enter the Arctic, there could be larger ecosystem impacts, 

due to their vast consumption of cephalopod biomass, affecting other predators. 



 

5.4.3  Fisheries 

It is difficult to summarize the fish species that sperm and northern bottlenose whales may 

be feeding on in the Baffin Bay and Davis Strait since their generalist approach means they 

could prey on many species. Greenland halibut, redfish (Sebastes sp.), herring (Clupea 

harengus), ling (Genypterus blacodes), gropers (Polyprion oxygeneios) and benthic sharks 

have been suggested as probable prey species for the whales by the literature in a broader 

sense (Jaquet et al., 2000; Hooker et al., 2001; Nowak, 2003; Compton, 2004), however it 

is unclear if these species have been confirmed as prey in the study area. Fatty acid, 

stomach content and stable isotope analysis used on northern bottlenose whales stranded 

on the shores of Nova Scotia revealed that Gonatus sp. were the primary prey but could not 

provide much information about fish prey (Hooker, et al., 2001). In an assessment of the 

fish that exist in Baffin Bay and Davis Strait, Jørgensen, Hvingel, Møller and Treble 

(2005) found 116 species total. 

To highlight one species, the Greenland halibut, a benthic flatfish that live in deep fjords 

and along the continental shelf in Baffin Bay and Davis Strait (DFO, 2006) could be 

important prey for northern bottlenose whales (Compton, 2004). Ironically, they are also 

important because they compete with the whales for cephalopod prey (Gardiner & Dick, 

2010). From the known location of Greenland halibut fisheries (DFO, 2006), an area can 

be seen that directly overlaps with the areas where sperm whales have been recorded and 

where the high sighting density of northern bottlenose whales was (Figure 18) from this 

study. Unfortunately, not much else is known about the biological relationship between 

Greenland halibut and the focal species in this study. Therefore, more attention should be 

drawn to investigating their relationship. These fish are also important to consider because 

they are one of the major commercial fisheries in the Baffin Bay and Davis Strait (along 

with shrimp) (Niemi, Paulic & Cobb, 2010; Jørgensen & Arboe, 2013) so any impacts to 

their population from sperm and northern bottlenose whales may have economic 

implications.  

The fishing industry may be influencing the spatial distribution of the whales as the whales 

may be attracted to the fishing because of the available prey and reduced energy required 

to obtain it. Sperm whales have been recorded interacting with fisheries of many kinds 

including Greenland halibut (Mesnick et al., 2006). Karpouzli and Leaper (2004) studied 

interactions with sperm whales and Greenland halibut fishing vessels between 1996 and 
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1997 and found that the sperm whales were sighted 30 times more often during hauling 

events by the ship and suggesting that they were trying to take advantage of fish that were 

escaping from the fishing net. 

Interactions between fishing vessels and northern bottlenose whales may also have an 

influence on their spatial distribution and population abundance. Northern bottlenose 

whales have been found to be associated with and following vessels fishing for Greenland 

halibut in Davis Strait feeding on bait, especially from longline effort (DFO, 2013). In the 

recovery strategy for the 'Gully' subpopulation of northern bottlenose whales, 

entanglements are listed as the major type of interaction between the whales and fisheries 

vessels (DFO, 2008). 

As a form of mitigation, the integrated Greenland halibut management plan requires daily 

encounters with marine mammals with the haul to be recorded (DFO, 2006). Although, the 

management plan restricted fishing in areas designated as narwhal overwintering grounds 

in 1998 and in 2006 to protect coral habitats (DFO, 2012) critical habitat areas for other 

cetaceans including northern bottlenose whale are not included. 

Although there is no commercial fishery for cephalopods in Baffin Bay and Davis Strait, 

Gardiner and Dick (2010) highlight the vulnerability of cephalopods as bycatch to 

fisheries. Christian et al. (2010) stated that Gonatus fabricii was often caught as bycatch in 

the shrimp fishery and there are many shrimp fisheries on the east Greenlandic side of 

Baffin Bay and Davis Strait. This may be impacting the populations of cephalopods, which 

are again vital prey to Greenland halibut, sperm whales, and northern bottlenose whales. 

5.4.4 Seasonal changes for prey 

Clarke (1996) suggested that seasonal changes between the abundance of fish and 

cephalopods influence the diet choices of cetaceans. Gonatus fabricii spawns from April to 

December with peak spawning occurring in May and June (Christian et al, 2010). 

Greenland halibut spawn at the sill of Davis Strait, although the timing of this event is 

unclear (DFO, 2006). After spawning, Greenland halibut juveniles drift to their nursery 

grounds on the continental shelves of Baffin Island and Greenland (DFO, 2006). The 

adults are then thought to migrate back towards the spawning grounds resulting in a large 

range of area covered by the species in its lifetime (DFO, 2006). Although survey effort is 



 

biased towards ice-free seasons, the majority of transient whales in Baffin Bay and Davis 

Strait are present in summer (as seen in the HMAP dataset Figure 11). By looking at the 

distribution patterns of the whales the east region it is possible to conclude that they 

overlap with the migration route of Greenland halibut.   

5.4.5 Range expansion 

Gardiner and Dick (2010) suggest that since larval and younger cephalopods are more 

associated with shallower waters that they might be influenced more by ocean warming. It 

is unknown what effect this will have on their spatial distribution (Gardiner & Dick, 2010). 

Warming temperatures have also been thought to be favourable for Greenland halibut 

production (Buch, Pedersen, & Ribergaard, 2004). This could encourage sperm whales and 

bottlenose whales to follow the prey, expanding their range in response. 

There is some concern that due to the amount of cephalopod biomass consumed by sperm 

whales that there may be an effect on the Greenland halibut fishery, since the halibut prey 

on the cephalopods. As of now it is unlikely that the number of sperm whales entering 

Baffin Bay and Davis Strait will have an effect on the population of Greenland halibut, 

however, an increase in the frequency of individuals over time may begin to have some 

impacts. This is one of the reasons that it is important to have a baseline understanding of 

the number of sperm whales in Baffin Bay and Davis Strait and of what areas they are 

choosing to occupy. 

 

5.5 Conservation Management 

The spatial distribution mapping results from this study are very useful for population-

based and threat-based management primarily through identification of critical habitat and 

then identification of overlap between those areas and human activities. This is supported 

by current management plans for several Arctic species, where spatial distribution 

information appears to be foundational and essential (DFO, 2006; DFO, 2008; DFO, 2012; 

DFO, 2015b).  
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5.5.1 Contributions for defining critical habitat and protected areas 

As mentioned earlier, there was high sighting density of northern bottlenose whale Baffin 

Bay subpopulation reported in central-west Baffin Bay from a nine-year time series dataset 

(Figure 18). This new information puts forth a strong suggestion that this location be 

investigated as possible critical habitat, especially as the current range defined by DFO 

(2011) is broad with no defined critical habitat areas. Since these results showed autumn 

distribution patterns, management could then be inspired to search for data to define 

critical habitat in other seasons, with priority on spring during the breeding season, and for 

overwintering. It is possible that physical barriers (eg. sea ice) and movement of prey 

(section 4.7) contribute to a distribution shift southward in the winter and that southern 

critical habitat exists as well, but this needs to be confirmed.  

Mapping the sightings from this project was important for sperm whale management as 

well because it showed these whales are present. In Baffin Bay and Davis Strait, sperm 

whales are not formally monitored by Canadian authorities and the Arctic is not considered 

to be part of their habitat by Canadian management (section 2.1.5). A review paper from 

the Greenlandic Ministry of Fisheries, Hunting and Agriculture (2012) stated that sperm 

whales are protected and therefore cannot be hunted in their waters. However, it is unclear 

what the term “protection” means in the context of conservation and of threat-based 

management in Greenland. The area of high sighting density in the east region could be 

critical habitat for those visiting Baffin Bay and Davis Strait in months with less sea ice. If 

there was a decision to formally monitor sperm whale activity in Baffin Bay and Davis 

Strait, this study could contribute to creating baseline knowledge of their spatial 

distribution and investigate areas with high sighting density more closely.  

The importance of spatial information for the identification of critical habitat is highlighted 

by the literature (Worm, Lotze & Myers, 2003; Wheeler, Gilbert & Rowe, 2012; O’Brien 

& Whitehead, 2013). Wheeler et al. (2012) used similar methods to this thesis study to 

define critical habitat for bowhead whales in Baffin Bay and Davis Strait. They were able 

to determine 21 highly suitable (critical habitat) areas, six with high confidence, for 

bowhead whales for the time period of June-October. The authors also deemed their study 

useful for bowhead management. However, there were differences in spatial scale for the 

EGVs used, and in the accuracy and amount of sighting locations compared to this project. 

As well, traditional knowledge (Inuit Qaujimajatuqangit or IQ) was used to confirm the 



 

critical habitat areas, whereas IQ was not pursued as a source in this study. The 

conclusions of the Wheeler et al. (2012) study support the usefulness of this thesis project 

for the management of sperm and northern bottlenose whales in Baffin Bay and Davis 

Strait. 

Spatial information was vital for the protection of the subpopulation of northern bottlenose 

whales that live in the 'Gully' (DFO, 2008). After research was done about their 

distribution in the area, management was able to designate zones of protection within the 

marine protected area that was ultimately designated in 2004 (DFO, 2008). In a review 

seven years later, the population of northern bottlenose whales in the 'Gully' remains stable 

(O’Brien & Whitehead, 2013). It is likely that this result would not have occurred without 

vital knowledge of the species distribution (O’Brien & Whitehead, 2013). This example is 

transferable to a future scenario that could exist to protect the Labrador-Southern Baffin 

Bay subpopulation of northern bottlenose whales. Sound information on their species 

distribution and critical habitat along with population information could motivate a marine 

protected area for this species as was created in the Arctic for bowhead whales.  

5.5.2 Contributions for threat mitigation 

From the threats outlined in section 2.4.2, shipping, and oil and gas exploration are 

discussed further. Threats from the fisheries industry were discussed in section 4.7.3. 

Shipping 

The locations of high sighting density for sperm whales in the east region directly overlap 

with shipping routes compiled by Reeves et al. (2013). The high sighting density for both 

species in the west region is also overlapping with shipping routes (via the Northwest 

Passage) that are predicted to be utilized in the future as the Arctic opens due to sea ice 

decline (as discussed in Reeves et al., 2013 using data from the IPCC RPC 8.5 scenario). 

Reeves et al. (2013) also stated that the increase in shipping in the Arctic with likely bring 

an increase in ship strikes, and higher likelihood of spills and pollution introduced into the 

environment, all negatively impacting the whales’ health. The rate of ship strike mortality 

for sperm whales had risen with increased vessel traffic in the Canary Islands (Fais et al. 

2016) and although there is higher sperm whale abundance there than in Baffin Bay and 

Davis Strait, the same result could occur with increased ship presence. The ships would 

also be a new source of noise which will also impact the whales’ health. Miller et al (2015) 
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showed that northern bottlenose whales near Jan Mayen changed their swimming direction 

and abstained from producing clicks in an environment with elevated sound compared to 

baseline levels.  

Oil and gas exploration 

In a brief review of two reports, of the current licensed blocks designated for oil and gas 

activity in eastern Baffin Bay (Boertmann & Mosbech, 2011) and in eastern Davis Strait 

(Merkel, Boertmann, Mosbech & Ugarte, 2012), there appeared to be no overlap with the 

high sighting density patterns for sperm whale from this project. However, the reports do 

not ignore the potential impacts of the oil and gas exploration to all marine mammals, 

toothed whales included (Boertmann & Mosbech, 2011; Merkel et al., 2012). While the 

reports stated that the health of northern bottlenose whales could be negatively impacted 

by seismic exploration due to increased noise pollution and increased contaminants, sperm 

whales were found to be less impacted as they could be more tolerant of louder sounds 

(contaminant levels not mentioned) (Boertmann & Mosbech, 2011). Several management 

measures have been suggested by Boertmann, Tougaard, Johansen and Mosbech (2010) in 

order to minimize impacts to cetaceans, these include designating a 500m safety zone, 

posting a marine mammal observer to scan for whales at all times and avoiding critical 

habitat areas. Reeves et al. (2013) described that Greenland in particular is interested in 

boosting its economy through the oil and gas sector and therefore, concern for the impacts 

to cetaceans is heightened.  

There is interest on the Canadian side of Baffin Bay and Davis Strait for oil and gas 

exploration as well. When reviewing the locations of the most recently proposed seismic 

lines (National Energy Board, 2012) with the areas of high sighting density for sperm and 

northern bottlenose whales from this project there appeared to be sparse overlap. In a 

report, the National Energy Board (2012) as well acknowledged the impact of seismic 

exploration on marine mammals, stating that there could be distribution shifts, avoidance 

behaviour, sensory disturbances and an increased risk of mortality. However, there was no 

mention of sperm whales or northern bottlenose whales in particular in the report, as in the 

Greenlandic report, and therefore, it is likely that the impacts to these species have not 

been taken into account. The status of this project is currently unclear as the last update 

was posted in 2015 (National Energy Board, 2015). Efforts should be made in the future to 



 

include sperm and northern bottlenose whales into oil and gas assessment reports in Baffin 

Bay and Davis Strait. 

5.5.3 Management challenges 

Assessing spatial distribution for sperm whales and northern bottlenose whales in Baffin 

Bay and Davis Strait from this project reveals the wealth of information that is unknown 

about both of these species within this area. This missing information is difficult to ignore, 

and is likely contributing to the lack of management focused on these species, and thus is 

briefly mentioned. For sperm whales, important information that is missing includes the 

estimated number of individuals currently visiting Baffin Bay and Davis Strait, potential 

fluctuations visits over seasons and years, an accurate estimation of the impacts of their 

presence on lower trophic levels and their ecological role in the Baffin Bay and Davis 

Strait ecosystem. For the northern bottlenose whale Baffin Bay subpopulation, important 

information that is missing includes an assessment of the current population status, 

changes to the population, location of critical habitat, migration routes between critical 

habitats and their ecological role in the Baffin Bay and Davis Strait ecosystem. Inclusion 

of the species in broader assessments of Baffin Bay and Davis Strait should also be done as 

neither are mentioned in recent assessments (Beckett et al, 2012; AMAP/CAFF/SDWG, 

2013).  

The management of both of this species is further complicated by the paradox of an 

established fishery. Neither of these species are hunted anymore by commercial or 

subsistence hunters which is likely beneficial for their population but ironically means that 

there are not as many management strategies in place as there are for cetaceans like 

bowhead, beluga or narwhal. As well, focusing on these two species this study hopefully 

could also contribute to addressing the importance of managing offshore EBSAs in Baffin 

Bay and Davis Strait, as well as coastal areas which are the current priority (DFO, 2015a).  

 

5.6 Project Limitations 

The primary limitations of this study are inconsistencies in the data including difficulties 

with the format that the data were available in. For the R/V Pâmiut dataset, this stems from 

several different participants recording whale sightings instead of one designated observer. 
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Opportunistic data and platforms can be useful for compiling long-term datasets and 

drawing conclusions about the status of cetacean species but they should be collected in a 

standardized way (several methods for opportunistic data collection suggested by 

Rechsteiner et al., n.d.). Data formatting differences between the HMAP and R/V Pâmiut 

datasets were also difficult to work around. The resolution of the sea surface temperature 

and sea surface salinity values was also a limitation. These datasets were downloaded as 

seasonal decadal averages and were interpolated to ¼o grids. This in itself may have been 

too large of a resolution to use for spatial distribution modeling. The resolution of these 

variables was also much bigger than both the bathymetric grid raster (500x 500m) and the 

resolution of the whale sightings (see Table 1). Large resolution layers can remove local 

variability from the analysis and may lead to weaker models. Ideally, measurements of 

environmental variables would be made from the vessel at the time of the whale sighting, 

however due to lack of resources, this may not be logistically possible. Satellites and 

remotely sensed data can be used, but resolution issues must be accounted for. 

 

Another limitation of this study was the unknown distribution of the prey species. An 

attempt was made at the beginning of the project to obtain the spatial distribution data used 

to make the maps from Gardiner and Dick's publication (2010) but the investigator was not 

successful. Furthermore, since the species of fish that sperm and northern bottlenose 

whales prey on in Baffin Bay and Davis Strait is unknown, it was difficult to obtain the 

correct spatial distribution data. These data could have been used for closer comparison 

with the whale distributions.    

5.6.1 Effort bias 

Incorrect interpretation of critical whale habitat can happen when a bias exists from areas 

that have been unevenly surveyed. This was a concern for the whale sightings from the 

R/V Pâmiut dataset. An index was created to address this possible bias which examined the 

number of times the survey passed through different areas of the study site (measured with 

grid cells) over the 9 years of surveys (Figure 21). It was found that areas in the centre of 

the study site were surveyed more frequently than areas in the very north or very south of 

the survey. After examining the areas with the most frequent sightings of whales, it was 

evident that they also occur in the middle of the study site. However, since this was a 

preliminary visual analysis better measurements would have to be done to be able to 



 

conclude if the survey effort is even or uneven and if this was biasing the locations where 

the most whales were sighted. Also, conclusions about whale spatial distribution could 

only be made for autumn months when the survey took place (Figure 20). Effort to collect 

more data would have to be done in order to examine the spatial distribution of these 

whales in other seasons. It is likely that the HMAP data recordings were also biased by 

survey effort. Most of the whaling took place in the summer months in an effort to avoid 

sea ice, which was why there were so many more whales recorded in these months than in 

winter months (Figure 10). Calculating even a preliminary index for the HMAP dataset to 

compare survey effort to whale sightings was not possible due to missing data.    

 

Since the project was limited by data type, no conclusions could be made for influences 

from survey vessel noise or attraction to prey from trawling on whale distribution either. 

Due to the opportunistic way that the whales sightings were recorded, it is likely that the 

number of sightings is low compared to the number of actual whales present (M. Treble, 

personal communication, February 2016). This factor is likely to be more confounding to 

the results than bias caused by survey effort. 

5.6.2 Modeling limitations  

This study was also limited by the taxon-based approach chosen for modeling. This 

approach was deemed appropriate for the study but is typically used for studies with large 

datasets (n >10 000, MacLeod, 2016). Concluding overall distribution for sperm whales 

and northern bottlenose whales in Baffin Bay and Davis Strait should be done after 

reviewing several model types including models that use measurements of actual absence, 

contrary to pseudo-absence measurements in this study, as well as other methods of 

presence-only modeling. However, the efforts of this study should not go unnoticed as it 

was the desire to contribute to some kind of baseline distribution information about these 

two species in Baffin Bay and Davis Strait.   

 

5.7 Future Work 

5.7.1  Distribution expansion 

It is possible that beaked whales, northern bottlenose whales included, will move even 

further north to occupy niches in the Arctic Ocean and across to the Pacific when the 
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Arctic opens up due to loss of sea ice (C. MacLeod personal communication, January 

2016). This transiting has already been documented, when gray whales transited through 

the north and unexpectedly arrived in the Atlantic as described by MacLeod (2009). This 

movement could allow populations more space to grow and northern bottlenose whales 

could do very well in the future (C. MacLeod personal communication, January 2016). As 

for sperm whales, it is possible that as competition for prey with females and other whale 

species increases in the south, that we see an increase in the presence frequency of sperm 

whales at high latitudes (C. MacLeod personal communication, January 2016). However 

since sperm whales exist in habitats with a wide range of temperatures, their full range may 

remain unchanged (MacLeod, 2009). Sperm whales and northern bottlenose whales could 

also do well in Baffin Bay and Davis Strait if more southern prey species move into this 

area. 

5.7.2  Next steps for research  

At a very basic level, more descriptive metadata (e.g. whale behaviour, whale length, 

vessel status, and weather conditions) could be recorded to give more context to the whale 

sightings data. A modified log sheet with these variables is included in Appendix A for 

consideration of the R/V Pâmiut survey crew. These pieces of information could be very 

helpful to able to better estimate how both of these species are using the area and may lead 

to decisions about critical habitat. Different model types (e.g. presence-only) or better 

estimations of absence for presence-absence modeling could be done to compare with the 

models from this study (section 5.7).  

 

With a bit more effort, other vessels, which transit Baffin Bay and Davis Strait (e.g. 

commercial fishing vessels, research vessels and vessels carrying transiting passengers) 

could record basic information about opportunistic whale sightings. This information could 

be made available to researchers. This would increase the spatial coverage of the 

knowledge and possibly allow for conclusions about all of Baffin Bay and Davis Strait to 

be drawn.  

  

To gain the best information about sperm whales and northern bottlenose whales in the 

study area, a dedicated survey designed for cetacean monitoring would have to be 

organized, this would take the most effort. This way the focus would be on collecting as 



 

much information as possible about the whales and other techniques could be used (e.g. 

acoustics, tagging, biopsies, photo identification, and videos of behaviour) instead of being 

restricted by the priorities of fishing trawling (as this project was concluding the 

investigator was informed that whale biopsy samples were supposed to be taken aboard the 

R/V Pâmiut this past year, 2015, but due to logistics this did not happen therefore better 

coordination to get instruments onto the vessel could be an easy way to get more data 

about these species). A dedicated whale survey in Baffin Bay and Davis Strait is subject to 

resource allocation and ship time. Unless sperm whales and northern bottlenose whales are 

deemed a priority species it is unlikely that more knowledge about them will be gained. 

This is not ideal due to impending impacts to the potentially vulnerable small 

subpopulation of northern bottlenose whales and of the lack of data on high latitude sperm 

whales.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



101 

6 Conclusions 
 

The Arctic is an important yet vulnerable environment. Pressures from climate change and 

other human impacts threaten the existence of the many species that live in its terrestrial 

and marine spaces. Unfortunately, very little is known about the very basics of many of 

these species, including cetaceans. In this study, the spatial distributions of two toothed 

whales, northern bottlenose whales, and sperm whales were examined within the study site 

of Baffin Bay and Davis Strait. Areas of high sighting density were seen for northern 

bottlenose whales on the central west side and areas of high sighting density for sperm 

whales near the Fylla Banks on the east side. Furthermore, spatial models created from a 

generalized additive model analysis with a taxon-based approach showed relationships 

between sea surface temperature, sea surface salinity, depth and slope for sperm whales on 

the east side of the study site but with only sea surface salinity for records of sperm whales 

on the west side of the study site. Northern bottlenose whale presence on the west study 

site was found to have a relationship with sea surface salinity and depth. Additionally, 

frontal zones and foraging ecology were thought to play important roles in the distribution 

patterns of both species. 

The results from the spatial distribution maps can help to focus attention towards 

confirming the locations of critical habitats for sperm whales and northern bottlenose 

whales in Baffin Bay and Davis Strait. Attention and more data are urgently needed for the 

subpopulation of northern bottlenose whales, as their population size is very small and 

discussions on their status within management authorities have stalled.
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Appendix A 
Modified Log Sheet for R/V Pâmiut Whale Sightings  

 

Vessel: R/V Pâmiut 

Trip:           

Survey start and end date: 

	 Sighting	1	 Sighting	2	 Sighting	3	

Observer	name	(please	
print)	

	 	 	

Date	(Day/Month/Year)	 	 	 	

Time	of	sighting	(UTC)	 	 	 	

Species	 	 	 	

Number	of	whales	 	 	 	

Latitute	(degree	minute)	 	 	 	



 

Longitude	(degree	minute)	 	 	 	

Estimated	distance	from	
ship	(m)	

	 	 	

Behaviour	(see	code)	 	 	 	

Size	estimate	(m)	(note	if	
calves	are	present)	

	 	 	

Vessel	status	(if	trawling	
include	station	number)	

	 	 	

Sea	state	and	weather	 	 	 	

 

Behaviour Code – travelling (t), milling (m), resting (r), feeding (f), mating (m), other (o), 
unknown (u) 

Black text – data already recorded. Red text – suggested data to be recorded in the future 

(note: the table orientation was reformatted to fit the requirements for the thesis, it should 
be motified if needed for usability in the field) 
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