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Abstract
Polar bears (Ursus maritimus Phipps, 1774) rely on seals as their primary prey, yet predator–prey spatial relationships are poorly

understood. We examined the spatial relationship between Davis Strait polar bears and harp seals (Pagophilus groenlandicus
Erxleben, 1777), using satellite telemetry for both species. We analyzed sea ice trends using remote sensing (1979–2021) to
examine how their environment may be changing using four sea ice seasons (freeze-up, winter, break-up, and summer). Sea
ice cover decreased and summer season lengthened over time. Polar bears (n = 18) tracked in 1991–2001 for 7–12 months had
a mean 95% minimum convex polygon (MCP) home range size of 108 146 km2 (standard error of the mean (SE) = 18 252 km2)
and a mean 95% kernel density home range size (kernel density estimate (KDE)) of 76 863 km2 (SE = 12 260 km2). Harp seals
(n = 22) tracked for 5–8 months in 1993–2005 had a mean 95% MCP of 693 403 km2 (SE = 74 384 km2) and a mean 95% KDE
of 395 316 km2 (SE = 48 688 km2). During freeze-up, the core-use areas of both species did not overlap, but the broad-use
areas did. During break-up, the broad-use areas overlapped more than the core-use areas. The space use of both species was
influenced by the sea ice seasons and these seasons have changed over time.
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Introduction
Where a species exists in space and how it uses its environ-

ment are foundational components of ecology; understand-
ing the varying scales of use, and why a space is used, has im-
plications for conservation and management (Johnson 1980;
Aarts et al. 2008). Investigating the spatial and temporal over-
lap of space use between species improves our understand-
ing of species interactions, including predator–prey dynam-
ics (Boyce and McDonald 1999; Doligez and Boulinier 2008;
Carroll et al. 2019). With increasing anthropogenic pressure
on ecosystems, understanding and monitoring species’ spa-
tial ecology has emerged as a priority in wildlife management
(Heller and Zavaleta 2009).

Climate change in the Arctic has been identified as a sig-
nificant threat to wildlife (Wassmann et al. 2011; Post et
al. 2013; Cohen et al. 2014). In response to warming, Arc-
tic sea ice extent, concentration, thickness, phenology, drift,
and age are changing (Serreze et al. 2007; Onarheim et al.
2018) with consequences for marine ecosystems (Arrigo et
al. 2008; Bluhm and Gradinger 2008; Burek et al. 2008), in-
cluding ice-dependent marine mammals (Tynan and DeMas-
ter 1997; Burek et al. 2008; Laidre et al. 2008). For polar bears
(Ursus maritimus Phipps, 1774), the top predator in the Arctic
marine food web, sea ice is used for travelling, hunting, and
reproducing (Stirling and Derocher 1993; Regehr et al. 2010).
Altered sea ice, such as a loss in extent or changes in phenol-

ogy, can negatively affect polar bear body condition, survival,
and reproduction, as well as the accessibility of habitats and
prey (e.g., Stirling et al. 1999; Derocher et al. 2004; Molnár et
al. 2010; Lunn et al. 2016; Obbard et al. 2016; Merkel and Aars
2022). Seals, the primary prey of polar bears, also require sea
ice for pupping, moulting, and resting (Lydersen and Kovacs
1999; Thiemann et al. 2008). Thus, as climate change affects
sea ice, both polar bears and their prey are exposed to altered
habitats.

The impacts of climate change on polar bears vary spatially
with higher sea ice loss at the southern edges of their range
(Regehr et al. 2016; Stern and Laidre 2016; Hamilton and De-
rocher 2018). Thus, the spatial ecology of the 19 polar bear
subpopulations may be affected differently due to differences
in sea ice dynamics and trends, as well as the effects of these
changes on their prey (e.g., Durner et al. 2009, 2017; McCall et
al. 2015; Wilson et al. 2016). Yet, few studies have examined
the Davis Strait (DS) polar bear subpopulation in northeast-
ern Canada and southwestern Greenland, at the southern ex-
tent of polar bears, and fewer have investigated the overlap
in space use between polar bears and their prey (Stirling et al.
1980; Pilfold et al. 2014; Hamilton et al. 2017a, 2017b). Studies
that have examined polar bear overlap with ringed seals (Pusa
hispida Schreber, 1775) have used satellite telemetry or seal
predation sites to compare habitat selection or time spent
in specific areas between the two species (Pilfold et al. 2013;
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Hamilton et al. 2017a, 2017b). These studies concluded that
spatial overlap between polar bears and ringed seals varied
between years, and that climate change was affecting this re-
lationship through its influence on sea ice.

Polar bears in most subpopulations prey primarily on
ringed seals and bearded seals (Erignathus barbatus Erxleben,
1777) but the diet of the DS subpopulation varies between in-
dividuals and may consist of 30%–90% harp seals (Pagophilus
groenlandicus Erxleben, 1777), with differences attributed to
age, season, year, and geographic region (Iverson et al. 2006;
Thiemann et al. 2008). Harp seals are restricted to the North
Atlantic and adjoining areas, so only polar bear in those ar-
eas have access to them; they have been identified in the diet
of 9 of 19 polar bear subpopulations (Thiemann et al. 2008;
Stenson et al. 2020b; Galicia et al. 2021a, 2021b). However, no
studies have investigated the overlapping space use between
polar bears and harp seals at the subpopulation level.

The harp seal population in the Northwest Atlantic (NWA)
consists of seals that breed off the northeast coast of New-
foundland and Labrador, and in the Gulf of St. Lawrence
(Sergeant 1965; Stenson et al. 1995, 2020a; Johnston et al.
2005). Most NWA harp seals migrate northward in summer
to feed in Baffin Bay and adjacent areas before returning
southward in autumn to winter near their breeding grounds
(Sergeant 1965, 1991; Stenson and Sjare 1997). Pupping and
moulting occur on pack ice from February to May when they
are most at risk of predation from polar bears (Peacock et
al. 2013; Fisheries and Oceans Canada 2020; Hammill et al.
2021). Otherwise, harp seals spend the majority of their time
in open water over the continental shelves (Sergeant 1991;
Stenson et al. 1995; Stenson and Sjare 1997), but can ag-
gregate in drifting pack ice, where they are vulnerable to
polar bear predation (Smith and Stirling 2019). The NWA
harp seal population increased from about 2 million in the
early 1970s to approximately 5.5–6.6 million in the late 1990s
(Hammill et al. 2021; Tinker et al. 2023). Recent estimates in-
dicate a decline to approximately 4.2 million seals in 2010
and a subsequent increase to 4.7 million in 2020 (Tinker
et al. 2023). Because of their need for stable sea ice for
pupping, harp seals are vulnerable to changes in ice condi-
tions (Sergeant 1991; Johnston et al. 2012; Stenson and Ham-
mill 2014; Hammill et al. 2021). Low ice cover can reduce
pup survival and the decrease in abundance between the
late 1990s and 2010 was associated with poor ice conditions
(Tinker et al. 2023).

In 1980, the DS polar bear subpopulation was estimated at
700–900 individuals, although this may have been biased low
due to limited temporal and geographic sampling (Stirling et
al. 1980). An updated analysis estimated 1400 individuals in
1993 and 2150 in 2013; three genetic groups were identified
(i.e., north, central, and south) that differed in survival and re-
production rates, with higher rates in the south, possibly be-
cause of greater access to harp seals (Stirling and Taylor 1999;
Peacock et al. 2013). More recently, declining body condition
and low reproductive rates of DS polar bears were associated
with either density-dependent effects or climate change im-
pacts (Peacock et al. 2013) and abundance may have declined
between 2006 and 2018, resulting in just under 2000 individ-
uals (Dunham et al. 2024). Changing sea ice conditions may

be influencing DS polar bears as the ice-cover period in DS
declined by 17.1 days/decade between 1979 and 2014 (Stern
and Laidre 2016). The DS area is part of the seasonal ice ecore-
gion, where sea ice melts in summer and DS polar bears move
on land and are usually fasting (Amstrup et al. 2008; Rode
et al. 2011; Sahanatien et al. 2015). In other subpopulations,
longer fasting periods have been correlated with declining
body conditions, survival, and reproductive rates for polar
bears (Stirling et al. 1999; Regehr et al. 2007; Rode et al. 2010;
Johnson et al. 2020).

Predators choose habitats based on where and when their
primary prey occur in their greatest abundance or accessibil-
ity (Holt 2008; Scoboda et al. 2019) and this applies to po-
lar bears with one primary prey taxa (i.e., seals), to which
their survival and reproduction is linked (Stirling and De-
rocher 1993; Durner et al. 2009; Regehr et al. 2010). Because
climate change is affecting the platform from which polar
bears hunt, it is important to examine the relationship be-
tween polar bears and their prey in relation to these changing
ice conditions.

The main objective of this study was to examine the spa-
tial ecology of DS polar bears and their potential for spatial
and temporal overlap with NWA harp seals. We used satellite
telemetry data for both DS polar bears (1991–2001) and NWA
harp seals (1993–2005) to examine their home range sizes and
the extent of overlap between the two species (using utiliza-
tion distributions). Although some studies have investigated
species interactions using telemetry data and home ranges in
a marine environment (Frère et al. 2010; Lidgard et al. 2020),
few have focused on predator–prey home range overlap, so
we followed studies that examined this in terrestrial environ-
ments (e.g., Melville et al. 2015; Rafiq et al. 2020; Fieberg and
Kochanny 2023).

We also examined temporal trends in sea ice within DS
and explored relationships between sea ice and the North
Atlantic Oscillation (NAO) and the Arctic Oscillation (AO) in-
dices using satellite imagery (1979–2021). Both indices affect
sea ice in DS through their influence on weather and precipi-
tation, although their impacts are often lagged (Hurrell 1995;
Thompson and Wallace 1998; Wang and Ikeda 2000; Ambaum
et al. 2001; Stern and Heide-Jørgensen 2003), and the NAO was
linked to harp seal pup survival in eastern Canada (Johnston
et al. 2005; Tinker et al. 2023). We predicted that we would
find overlap in the space use between polar bears and harp
seals during all ice-cover seasons. Because of the documented
past trends in sea ice (Stern and Laidre 2016), we predicted a
continued decline in overall extent and a lengthening of the
summer season associated with climate change.

Methods

Study area
The study area extended from DS in northeastern Canada,

south to Newfoundland and Labrador, and the Labrador
Sea between Baffin Island (Nunavut, Canada) and Greenland
(Fig. 1). The DS subpopulation boundary includes DS, the
Labrador Sea, and eastern Hudson Strait (Fig. 1; Taylor et al.
2001). The continental shelf is approximately 300 m deep and
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Fig. 1. Capture and release locations for polar bears (blue) and harp seals (orange) within the Davis Strait (DS) subpopulation
boundary (black) and including the 100% minimum convex polygon of all polar bear locations (red) and the 300 m bathymetric
contour (blue). Polar bear captures occurred in random locations on sea ice between 1991 and 2001, so each dot represents
individual captures. Harp seal captures occurred where multiple individuals were congregated in one spot during their annual
moult, so the year is included beside each harp seal capture location and represents multiple individuals at each location.
The general areas where harp seal pupping occurs are illustrated with the orange polygon and were estimated from fig. 1 in
Tinker et al. (2023). Bathymetry data were obtained from the General Bathymetric Chart of the Oceans (General Bathymetric
Chart of the Oceans n.d.), DS management area was digitized from a map of polar bear subpopulations by Environment and
Climate Change Canada (Environment and Climate Change Canada 2018), and the basemap was obtained from the open access
QuickMapServices QGIS plugin (specifically, CartoDB: Positron (no labels)). The coordinate reference system used is NSIDC Sea
Ice Polar Stereographic North (EPSG 3411).
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extends farther offshore near Canada than Greenland (Fig.
1; Stern and Laidre 2016). Beyond the shelf, depths can ex-
ceed 3000 m (Curry et al. 2011). The major currents are the
Baffin Island Current in the west that flows southward along
Canada’s eastern coast as the Labrador Current and the West
Greenland Current flows northward (Townsend et al. 2004;
Curry et al. 2011; Wu et al. 2013).

Historical and current trends in Davis Strait sea
ice

We used NASA Nimbus-7 SMMR and DMSP SSM/I-SSMIS Pas-
sive Microwave Data V001 (25 km × 25 km pixels) to obtain
sea ice concentration from 1 January 1979 to 31 December
2021 (Cavalieri et al. 1996; National Aeronautics and Space
Administration 2019). SSMR data were available every second
day from 1 January 1979 to 20 August 1987, SSM/I data were
available daily from 21 August 1987 to 31 December 2007,
and SSMIS data were available daily from 1 January 2008 to
31 December 2021 (Cavalieri et al. 1996) for a total of 14 120
rasters. We analyzed sea ice within a 100% minimum convex
polygon (MCP) of all on-ice polar bear telemetry locations (Fig.
1). We examined the relationships between the NAO, AO, and
ice concentration, ice extent, and ice phenology (National
Weather Service 2020a, 2020b).

We created sea ice seasons using mean daily ice concen-
trations ranging from 0 (open water) to 1 (100% concentra-
tion). Where imagery was collected every 2 days, ice concen-
trations on intervening days were linearly interpolated using
the zoo R package (Zeileis and Grothendieck 2005). These val-
ues were plotted, and the mean of all daily concentrations
was calculated, resulting in the mean concentration/day (Fig.
A1). We defined four sea ice seasons, freeze-up, winter, break-
up, and summer following Durner et al. (2009) and McCall
et al. (2016), using a segmented regression (Toms and Villard
2015) from the segmented R package (Muggeo 2008) applied to
the mean daily concentrations (Fig. A1).

We quantified annual ice retreat date, ice advance date,
summer season duration, and mean summer ice concentra-
tion following Stern and Laidre (2016). Ice retreat and ad-
vance dates were determined by smoothing the daily ice area
(area > 15% concentration) using a kernel smoother, where
most of the weight is within ±1 week of the central value
(Stern and Laidre 2016), using the ksmooth function from the
base R stats package (R Core Team 2024). Then, the mean ice
area for both the minimum and maximum months was cal-
culated and the midway point between them was used as the
threshold for determining the ice retreat and advance dates.
Moving from January to December along each yearly ice area
graph, annual ice retreat date occurred when the smoothed
ice area met the threshold before the summer minimum, and
the ice advance date occurred at the same intersect on the
way to the winter maximum. Mean summer concentration
was calculated using mean daily ice concentration for the
summer season. We also calculated the sea ice decay rate fol-
lowing Lunn et al. (2016), using the absolute values of slope
for ice concentration during the break-up season each year.
All four sea ice metrics were plotted separately and fit with a
linear regression to examine temporal trends.

We linearly modelled each metric and conducted Durbin–
Watson tests for autocorrelation of residuals (using the car
R package; Fox and Weisberg 2019). Where autocorrelation
was not detected (i.e., Durbin–Watson p > 0.05), we ana-
lyzed the data using linear models (using the base R lm
function). Where autocorrelation was detected (i.e., Durbin–
Watson p ≤ 0.05), we used linear models fit with generalized
least squares using the nlme package, with an autocorrelation
of order 1, which specifies that the current value is correlated
to the one previous, after which residuals were no longer cor-
related (i.e., correlation = corAR1; Pinheiro et al. 2020). We
analyzed the relationship between each metric with NAO and
AO, using sea ice seasonal means created from the daily val-
ues. We assessed the correlation of each seasonal NAO and
AO means for the same season as each metric, as well as the
means for seasons before each metric to investigate any lag
effects. Top models were selected using Akaike information
criterion corrected for small sample size (AICc), where the
smallest AICc score or those with ≤2.0 � AICc were consid-
ered to be the best supported by the data (Burnham and An-
dersen 1998).In most models with NAO or AO, AICc values
increased when more than a 1-year lag of the effects were in-
corporated. Thus, we analyzed lag effects up to 1 year and one
season before the seasonal metric being analyzed, where the
first season (i.e., no lag) was unique to each metric being ana-
lyzed (e.g., ice advance start dates occurred during freeze-up
and the decay rate occurred during break-up). NAO and AO
were not used in models together as they are highly corre-
lated (Hamouda et al. 2021). Twenty-five models were exam-
ined (Table 1; see Table A1 for lag effects).

Capture, handling, and data handling
Between 1991 and 1999, adult (≥5 years old) female polar

bears were located by helicopter and immobilized following
Stirling et al. (1989). Captures occurred on sea ice during win-
ter and spring (between January and April) or during late au-
tumn (between September and November) each year. Polar
bears were equipped with Argos satellite PTT transmitters
(Telonics, Mesa, AZ) programmed to provide one location ev-
ery 5 days, with a spatial accuracy from ∼350 to >3000 m
(Fig. 1; Christin et al. 2015). Reproductive status was recorded
at capture and a premolar tooth was removed to determine
age following Calvert and Ramsay (2013). Procedures were
approved by the Environment and Climate Change Canada
Prairie and Northern Region Animal Care Committee. We re-
moved spurious locations, such as impossible locations (e.g.,
one bear location was in eastern Greenland and the locations
before and after indicated it travelled there and back within a
few days), duplicates (i.e., we used the first recorded location
each day), low quality locations (i.e., location classes below 1,
2, and 3), and those with speeds > 5 km/h (n = 4), as polar
bears rarely travel > 4 km/h (Andersen et al. 2008).

Harp seals were captured and released in 1995, 1996, and
2004 during the moulting season (between late April and
early May) on sea ice off Newfoundland using a throw net
(Fig. 1; Stenson and Sjare 1997). Because seals spend most
of their time in the water, they were captured on-ice during
their moult but could not be tagged until after their moult
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Table 1. Models used to analyze each sea ice metric (dates of
advance and retreat, summer period duration, mean summer
concentration, and decay rate) within Davis Strait∗ (1979–
2020), where superscripts denote the lag used for incorporat-
ing the Arctic Oscillation (AO) or North Atlantic Oscillation
(NAO): 0 = no lag; #s = number of seasons; #y = number of
years, and K represents the number of variables included in
each model.

Model # Predictor variables used in each model K

1 Year 1

2 AO0 1

3 NAO0 1

4 AO1s 1

5 NAO1s 1

6 AO2s 1

7 NAO2s 1

8 AO3s 1

9 NAO3s 1

10 AO1y 1

11 NAO1y 1

12 AO1y+1s 1

13 NAO1y+1s 1

14 AO0 + year 2

15 NAO0 + year 2

16 AO1s + year 2

17 NAO1s + year 2

18 AO2s + year 2

19 NAO2s + year 2

20 AO3s + year 2

21 NAO3s + year 2

22 AO1y + year 2

23 NAO1y + year 2

24 AO1y+1s + year 2

25 NAO1y+1s + year 2

∗For additional information regarding how seasonal NAO means were incorpo-
rated into the sea ice analyses, see Table A1.

was complete as the tags would fall off. Thus, after capture,
seals were transported by ship to the Ocean Sciences Centre
at Memorial University (St. John’s NF), where they remained
until their moult was complete (Stenson and Sjare 1997). Fol-
lowing completion of the moult, seals were immobilized, Ar-
gos satellite PTT transmitters (Wildlife Computers, Seattle,
WA) were attached at the back of their necks using epoxy
resin (Stenson and Sjare 1997), and then released near St.
John’s (within their migratory route) in May and June (Fig.
1; Sergeant 1965, 1991; Stenson and Sjare 1997). In 1993, one
seal was captured in a seal net near Nain, NF, during the au-
tumn migration where it was immobilized, tagged, and re-
leased. Transmitters were programmed to provide 200–500
locations/day of varying location quality but were manually
filtered to retain only the highest quality (i.e., classes 1, 2, and
3) location per day. Where two or more locations provided
the same quality in a single day, the first was used. We re-
moved the first week of data per individual to account for pos-
sible capture and release effects. We removed spurious (i.e.,

biologically impossible) and duplicate locations. Harp seals
can travel at ∼32 km/h (Sergeant 1991) so we also removed
locations with speeds >32 km/h. Capture procedures were ap-
proved by Department of Fisheries and Oceans’ Animal Care
Committee.

Space use
We estimated home range sizes for both polar bears and

harp seals using 95% MCPs and 95% kernel density estimate
(KDE) utilization distributions. MCPs allow comparison to
past studies and other species but they may include areas not
used by either or both species (e.g., terrestrial areas), so we
used KDEs for overlap analyses of space use because they bet-
ter conform to use locations.

MCPs were created for bears and seals with ≥30 locations
using the adehabitatHR R package (Calenge 2006). KDEs were
separated into two types of use areas per home range: 50%
(core-use area) and 95% (broad-use area). KDEs were created
for those with ≥30 locations (Seaman et al. 1999) using a plug-
in method (Tétreault and Franke 2017; Fletcher and Fortin
2018) in the ks R package (Duong et al. 2024) and using the
asymptotic mean squared error (AMSE) pilot (Tétreault and
Franke 2017). The plug-in method alleviates convergence is-
sues that other KDE methods often have and the AMSE pi-
lot is used in tandem as the smoothing bandwidth that mini-
mizes the AMSE (Tétreault and Franke 2017). Harp seal home
ranges were clipped to remove land using the terra R pack-
age (Hijmans et al. 2024) but polar bear home ranges were
not as they included terrestrial locations. The area of each
home range was calculated also using the terra R package
(Hijmans et al. 2024), and the polygons were mapped in QGIS
(QGIS Development Team 2019). To assess home range sizes
for both species over time, we modelled the yearly means of
each using linear regressions (using the base R lm function).
We present home range size estimates for both species but
recognize that they may under-estimate annual home ranges
because many animals were not tracked for a full year. To as-
sess how tracking for less than a full year affected home range
sizes, we examined the relationship between home range size
and number of months of data.

To compare the potential for overlap in space use between
species we created both 50% and 95% KDEs using all pooled
data for each species by season. We consider this the poten-
tial for overlap as we did not compare the same years between
species and instead pooled data across years to estimate how
much these species could overlap in each season. We also cre-
ated a subset using pooled data for only the years where we
had data for both polar bears and harp seals to test for actual
overlap. We determined the amount of potential or actual
overlap in two ways. First, we mapped both species’ KDEs
in QGIS (QGIS Development Team 2019) and calculated the
area of overlap in km2 using the terra R package (Hijmans
et al. 2024). Then, we calculated the utilization distribution
overlap index (UDOI) using the adehabitatHR package in R
(Fieberg and Kochanny 2005, 2023; Calenge 2006). UDOI esti-
mates space-use sharing and values range from 0 (no over-
lap) to 1 (100% overlap) (Fieberg and Kochanny 2023). Re-
sults are presented with one standard error of the mean (SE)
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Table 2. Top three models for each sea ice metric∗ (dates of advance and retreat, summer period duration, mean summer
concentration, and sea ice decay rate) analyzed in Davis Strait (1979–2021) by Akaike information criterion corrected for small
sample size (AICc) ranking.

Model # Variables AICc �AICc Adjusted R2 RSE AICcw

Dates of advance

23 NAO1y + year 302.73 0.00 0.4699 9.023 0.85

17 NAO1s + year 306.32 3.59 0.3534 9.427 0.14

15 NAO0 + year 312.08 9.35 0.4134 9.256 0.01

Dates of retreat

19 NAO2s + year 303.59 0.00 – 10.095 0.33

21 NAO3s + year 304.59 1.00 – 10.536 0.20

7 NAO2s 305.90 2.31 – 12.350 0.08

Summer period duration

15 NAO0 + year 334.77 0.00 – 16.353 0.78

3 NAO0 336.97 2.20 – 19.731 0.19

21 NAO3s + year 342.51 7.74 – 16.881 0.02

Mean summer concentration

19 NAO2s + year −310.65 0.00 0.4392 0.006 0.69

14 AO0 + year −308.31 2.34 0.4078 0.006 0.21

1 Year −306.96 3.69 0.3691 0.006 0.10

Decay rate

3 NAO0 −486.70 0.00 0.023 0.001 0.22

15 NAO0 + year −486.67 0.03 0.053 0.001 0.21

5 NAO1s −486.61 0.09 0.021 0.001 0.21

Note: Top models are bolded. Superscripts in the variables column denote the lag used for incorporating the North Atlantic Oscillation (NAO): 0 = no lag; #s = number
of seasons; #y = number of years. The adjusted R2, relative standard error (RSE), and AICc weight (AICcw) are also included. AO, Arctic Oscillation.

and differences were considered statistically significant at
p ≤ 0.05.

Results

Historical and current trends in sea ice
The 100% MCP of all polar bear locations covered

1141 625 km2 (Fig. 1). We found that the majority (75%) of the
top models examining sea ice included NAO rather than AO.
Further, a model with AO placed second in only one of the
metrics analyzed and the difference between it and the top
model had a �AICc > 2.0 (Table A2). Therefore, and because
AO and NAO are highly correlated, we only retained NAO for
further analyses.

The mean ice area between March (maximum) and Septem-
ber (minimum) was 381 533 km2 and was used to determine
ice retreat and advance dates (Fig. A2). Ice advance dates
were not temporally correlated (Durbin–Watson, p = 0.17),
but dates of retreat were (Durbin–Watson, p = 0.04). Ice
advance date occurred significantly later over time (linear
regression, p < 0.001; adjusted R2 = 0.47; relative standard
error (RSE) = 9.023). There was no significant difference
between the two top models for retreat date (�AICc < 2.0;
Table 2), but the retreat date occurred earlier over time
for both (linear regressions, p < 0.001). Ice retreat occurred
earlier by 5.4 days/decade (SE = 1.3), while the advance date
occurred later by 5.3 days/decade (SE = 1.1) resulting in the
summer duration significantly lengthening (Fig. 2; linear
regression, p < 0.001; RSE = 16.353) by 10.7 days/decade

(SE = 2.1). The summer duration was temporally correlated
(Durbin–Watson, p = 0.008). NAO affected these three metrics
differently: ice advance dates had a 1-year lag and retreat
dates had a lag of two to three seasons and for summer
duration, no NAO lag was detected (Table 2).

Mean summer ice concentration values were not tempo-
rally correlated (Durbin–Watson, p = 0.48) and the top model
indicated a significant decrease over time (linear regression,
p < 0.001; adjusted R2 = 0.44; RSE = 0.006; Fig. 2), and that
NAO had a lag effect of two seasons (Table 2). Mean sum-
mer ice concentration decreased by 0.4%/decade (SE = 0.1).
Decay rate was not temporally correlated (Durbin–Watson,
p = 0.62). There was no significant difference between the
three top models for decay rate (�AICc < 2.0), and none had
a significant linear trend (linear regressions, p > 0.05).

Home range sizes
Polar bear telemetry data were available from 27 indi-

viduals but after filtering, we retained 1351 locations for
18 bears (71% of original dataset; eight lone adult females,
five females with cub-of-the-year, and five females with year-
lings) between 1991 and 2001 (excluding 1996 due to lack of
data; Table B1). Filtered for those with ≥30 locations and >4
months of data resulted in retaining 18 individuals for the
MCP and KDE analyses (29 bear years total; mean # fixes
per bear year = 41.9; range = 30–62 fixes; mean # months
per bear year = 10.4 range = 7–12 months). The mean 95%
MCP home range was 108 146 km2 (SE = 18 252 km2, range
637–387 445 km2; n = 29; Fig. 3) and the 95% KDE mean
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Fig. 2. Sea ice analysis of Davis Strait from 1979 to 2021, including (A) dates of sea ice retreat and advance, (B) summer
period duration, and (C) mean summer ice concentration. Significant (p < 0.001) linear regressions in blue with 95% confidence
intervals in shaded grey. Sea ice metrics were analyzed from sea ice concentration imagery obtained via NASA’s Nimbus-7 SMMR
and DMSP SSM/I-SSMIS Passive Microwave Data V001(Cavalieri et al. 1996; National Aeronautics and Space Administration
2019).

home range was 76 863 km2 (SE = 12 260 km2, range 691–
225 485 km2, n = 29; Fig. 3).

Harp seal tags provided 5859 locations for 42 seals and
we retained 5686 locations (97% of original dataset) for 41
seals from 1993 to 1995 and 2004 to 2005. Using only those
with ≥30 locations and between 5 and 8 months of data,
we had 22 seals for the MCP and KDE analyses (22 seal
years total; mean # fixes per seal year = 189.1; range = 33–
553 fixes; mean # months per seal year = 7.3; range = 5–
8 months; Table B2). The mean harp seal 95% MCP home
range was 693 403 km2 (SE = 74 384 km2, range 56 259–
1229 061 km2; Fig. 3). The mean harp seal 95% KDE home
range was 395 316 km2 (SE = 48 688 km2, range 43 585–
874 616 km2; Fig. 3). Mean home range sizes did not change
over time (i.e., linear regressions, p > 0.05) for both species
and both home range estimators. Home range size for both
species was not significantly correlated (i.e., linear regres-
sions, p > 0.05) with the number of months of data per in-
dividual (Fig. B1).

Polar bear and harp seal overlap
The segmented regression resulted in seasons as follows: 2

November–19 February for freeze-up, 20 February–25 April
for winter, 26 April–31 July for break-up, and 31 July–1
November for summer (Fig. A1). Polar bears and harp seals
only overlapped in freeze-up and break-up, so we examined
those seasons.

There were 5 polar bears and 13 harp seals used to com-
pare the potential for overlap in freeze-up. In freeze-up,
polar bear and harp seal broad-use (95% KDE) areas over-
lapped (UDOI = 0.18), while their core-use (50% KDE) areas
did not (UDOI = 0.00). In break-up, polar bear and harp seal
broad-use (95% KDE) areas overlapped (UDOI = 0.19) more
than their core-use (50% KDE) areas, which did so minimally
(UDOI = 0.01). When comparing the mapped KDEs between
species, polar bear core- and broad-use areas did not overlap
with the core-use (50%) areas for harp seals in either season
(Fig. 4). However, the broad-use (95%) areas for both species
overlapped, as did the broad-use (95%) area for harp seals and
the core-use (50%) area of polar bears. The area of overlap

between both species’ broad-use area (95%) was 161 955 km2

in freeze-up, which was 34.0% of polar bears’ broad-use area
(Table 3). The area of overlap between the harp seal broad-use
(95%) and bear core-use (50%) habitat was 26 938 km2, which
was 30.6% of polar bear core-use area (Table 3). During break-
up, 10 polar bears and 24 harp seals were used to estimate
the potential for overlap. The broad-use (95%) area overlap
was 43 950 km2, which was 13.0% of polar bear broad-use area
(Table 3). The overlap between harp seal broad-use (95%) and
polar bear core-use (50%) area, however, was 5928 km2, which
was 10.3% of polar bear core-use area (Table 3).

Polar bear and harp seal data temporally overlapped from
1993 to 2001. Four polar bears and six harp seals were used.
When examining this subset of actual overlap for freeze-
up, polar bear and harp seal broad-use (95%) areas over-
lapped minimally (UDOI = 0.10), while their core-use (50%)
areas did not (UDOI = 0.00). Similarly, in break-up, polar
bear and harp seal broad-use (95%) areas overlapped mini-
mally (UDOI = 0.03) and their core-use (50%) areas did not
(UDOI = 0.00). When comparing the mapped KDEs between
species, each species core-use (50%) areas did not overlap in
either season (Fig. 4). The area of actual overlap during freeze-
up between both species’ broad-use (95%) was 94 883 km2,
20.1% of polar bears’ broad-use area (Table 3). The actual over-
lap between harp seal broad-use (95%) and bear core-use (50%)
was 15 590 km2, 17.0% of bear broad-use area (Table 3). Nine
polar bears and seven harp seals were used for the break-up
KDEs. In break-up, both species’ broad-use (95%) overlapped
by 18 487 km2, which was 9.0% of polar bears’ broad-use area
(Table 3). The actual overlap between harp seal broad-use
(95%) and bear core-use (50%) in break-up was 962 km2, 2.0%
of bear broad-use area (Table 3).

Discussion
Polar bears and harp seals tracked in our study overlapped

similarly in both the freeze-up and break-up seasons and
their broad-use areas in each season overlapped more than
their core-use areas. This pattern was similar for both po-
tential and actual overlap analyses. Their overlap only oc-
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Fig. 3. Kernel density estimate (KDE; 95%) and minimum convex polygon (MCP; 95%) home ranges for both Davis Strait polar
bears (blue; n = 29) from 1991 to 2001, and Northwest Atlantic harp seals (orange; n = 22) from 1993 to 2005. The basemap
was obtained from the open access QuickMapServices QGIS plugin (specifically, CartoDB: Positron (no labels)). The coordinate
reference system used is NSIDC Sea Ice Polar Stereographic North (EPSG 3411).

curred in two seasons, yet sea ice seasons in DS have changed
over the satellite record. Most notably, the summer season
has lengthened, caused by earlier ice retreat and later ice ad-
vance dates. Changes in these two seasons may have already
affected, or may affect in the future, the ability of polar bears

to hunt for harp seals in this part of the Arctic. Changes in the
sea ice conditions may also affect the health of both species
in other ways.

Lengthening of the summer season was associated with
negative effects on polar bear body condition, survival, and
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Fig. 4. Kernel density estimates (KDE) for polar bears (blue) and harp seals (orange) collected using satellite telemetry in
Davis Strait during freeze-up and break-up. Both 95% (broad-use area; lighter shade) and 50% (core-use area; darker shade)
KDEs are included for each species. The overlap between the 95% seal KDE and the 95% bear KDE (light purple) as well as
the overlap between the 95% seal KDE and the 50% bear KDE (dark purple) are included. Panels (A) and (B) represent the full
dataset: 1991–2001 for polar bears and 1993–2003 for harp seals. Panels (C) and (D) represent the subset for years when both
species temporally overlapped: 1991–2001. The basemap was obtained from the open access QuickMapServices QGIS plugin
(specifically, CartoDB: Positron (no labels)). The coordinate reference system used is NSIDC Sea Ice Polar Stereographic North
(EPSG 3411).
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Table 3. Total areas (km2) of polar bear (1991–2001) and harp seal (1993–2005) seasonal kernel density estimates (both 50% and
95%) collected using satellite telemetry in Davis Strait.

Bears Seals Overlap

Season 95% 50% 95% 50% 95% 50% bears and 95% seals

Freeze-up 476 742 88 173 1177 830 243 509 161 955 26 938

Break-up 337 149 57 644 851 259 164 697 43 950 5928

Freeze-up subset 455 653 91 855 777 765 176 978 94 883 15 590

Break-up subset 208 992 43 025 953 704 173 443 18 487 962

Note: The two “Overlap” columns illustrate the total area (km2) where polar bear and harp seal kernel densities overlapped, including both species broad-use (95%) and
the core-use area (50%) of bears with the broad-use area (95%) of seals. Seasons include “Freeze-up” and “Break-up”, where all years for both species are included for each
season, as well as “Freeze-up subset” and “Break-up subset”, where only years 1993–2001 are included as this is when the two species overlapped temporally. Freeze-up
occurs from 2 November to 19 February, while break-up occurs from 26 April to 30 July.

reproductive rates and is a significant conservation issue for
the species (Stirling et al. 1999; Johnson et al. 2020). We found
that the summer season in the area used by our tracked po-
lar bears increased by 10.7 days/decade. Our estimate was
lower than Stern and Laidre (2016) who reported a loss of 16.6
days/decade for the DS subpopulation, but their analysis in-
corporated southern areas, which were likely melting faster.
Further, our study area included part of Foxe Basin where sea
ice can persist year-round, and this may also affect our lower
estimate of the summer season increase. Spring (or break-up)
is crucial for hunting as this is when polar bears may take
in most of the fat reserves they need to sustain themselves
throughout the year (Stirling and Ørisland 1995). Our results
support earlier findings by Stern and Laidre (2016) that break-
up advanced over time, which decreases the amount of time
that polar bears may have access to seals during this critical
time of year. Galicia et al. (2019) found that DS polar bear
body condition in autumn decreased during years with ear-
lier break-up. Thus, the consequences of a longer summer
season on the subpopulation will likely be negative. Spring
sea ice is also important for harp seal survival, as this is the
time of year when pups are born and less stable ice has al-
ready negatively affected pup survival (Hammill and Stenson
2015; Hammill et al. 2021).

NAO, a measure of surface level pressure differences be-
tween the Arctic and subtropical Atlantic, is correlated with
wind direction, precipitation, and heat transport across the
Atlantic, depending on its phase (Walker 1928; Hurrell 1995;
Drinkwater et al. 2003; Hurrell et al. 2003). It also influences
sea ice dynamics in DS (Johnston et al. 2005; Friedlaender
et al. 2010), yet the effects are often lagged. While the link
between NAO and sea ice loss is well-established, it only
partially explained the decreasing Arctic sea ice conditions
(Johnston et al. 2005; Serreze et al. 2007). Johnston et al. (2005)
speculated that positive NAO values might be buffering the
effects of climate change on Arctic sea ice as it is associated
with colder temperatures in northern Canada and Greenland,
while Ding et al. (2014) suggested that the NAO was corre-
lated with faster warming in DS than other parts of the Arctic.
Our findings of correlation with NAO and DS sea ice, includ-
ing lagged effects, suggest further study is required to gain
insights on how changes in NAO may affect the ecosystem.
With ongoing warming and the expected continued melting,
Arctic sea ice is already at risk (Stroeve et al. 2012), and pro-

longed negative NAO phases could exacerbate loss (Johnston
et al. 2005).

Polar bear home range sizes vary with the method used, as
well as with environmental and biological factors, including
subpopulation, year, ocean depth, time on land, seasonal vari-
ation in ice cover, ice drift, ice break-up date, and reproduc-
tive status (e.g., Ferguson et al. 1999; Mauritzen et al. 2001;
McCall et al. 2015; Auger-Méthé et al. 2016). Our MCP home
ranges compare with studies in other parts of the Arctic that
reported home ranges ranging from <200 to >370 000 km2

(Mauritzen et al. 2001; McCall et al. 2015) despite many of
our tracked animals not being followed for 12 months. Our
KDE home ranges were similar to other studies as well, such
as Ferguson et al. (1999) who reported mean annual home
ranges of ∼230 000 km2 in DS. DS polar bear home ranges
varied widely between individuals (i.e., largest home range
was 300 to 400 times the smallest) but similar variation was
noted for polar bears elsewhere (Mauritzen et al. 2001). Our
analysis did not show a temporal trend in home range size al-
though we acknowledge the low statistical power of our data.
However, polar bear home range sizes can respond to reduced
sea ice extent and can shift over time (Laidre et al. 2018).
Additional data in DS would allow comparison between our
study and changing sea ice conditions, thus improving our
understanding of the effects of climate change on polar bear
spatial ecology. Harp seals covered a larger area than polar
bears, with individual home range sizes ranging from ap-
proximately 50 000 to over 1000 000 km2, but there are no
other harp seal home range studies for comparison. Harp seal
ranges were large in comparison to other seal species, whose
home range sizes encompass areas < 1–140 000 km2, with dif-
ferences associated with species, sex, sea ice season, or length
of tracking (Bajzak et al. 2009; Kelly et al. 2010; Oksanen et
al. 2014, 2015).

The utilization distributions found seasonal differences in
the overlap between polar bears and harp seals with more
overlap during freeze-up than break-up, regardless of broad-
or core-use area. This overlap was unexpected, as February–
April is when harp seals are most likely to be on ice; in other
parts of the Arctic, harp seals were preyed on by polar bears
from July to August (Sergeant 1991; Smith and Stirling 2019),
which corresponds with our late break-up to early summer
season. Break-up is an important time of the year for polar
bears to feed on seals (Stirling and Derocher 1993; Stirling
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et al. 1999; Durner et al. 2009; Galicia et al. 2019). However,
our sample of polar bears included only females, and none
overlapped with harp seal pupping areas during the peak
feeding period. Further, few polar bears have been observed
travelling to the harp seal pupping areas off the southern
coast of Newfoundland and Labrador and those that do are
primarily adult males (I. Stirling (personal communication
2021)).Thiemann et al. (2008) found that consumption of harp
seals in DS did not differ by sex and that they were con-
sumed more during break-up than freeze-up. Thus, we sug-
gest that due to the high abundance of harp seals, the small
overlap during freeze-up allowed bears to access harp seals.
Further, even though DS polar bears ate more harp seals dur-
ing break-up, this species is only part of their diet (Thiemann
et al. 2008), and other prey are consumed. In addition to
harp seals, ringed seals, and bearded seals, DS polar bears
also eat hooded seals (Cystophora cristata Erxleben, 1777), wal-
rus (Odobenus rosmarus Linnaeus, 1758), harbor seals (Phoca vit-
ulina Linnaeus, 1758), beluga whales (Delphinapterus leucas Pal-
las, 1776), and narwhal (Monodon monoceros Linnaeus, 1758;
Thiemann et al. 2008; Galicia et al. 2021a). The presence of
these other species during different times of year may affect
polar bear movements in DS in addition to harp seals distri-
bution. Polar bears that summer on land rapidly move far off-
shore during freeze-up (Cherry et al. 2013; McCall et al. 2016;
Bohart et al. 2021) although the reasons remain unclear. For
polar bears in DS, the overlap during freeze-up may be re-
lated to similar movements from summering areas and thus
allow the bear access to harp seals. More refined telemetry
data, however, are needed to asses this hypothesis. Finally,
our break-up season was defined by a segmented regression.
Other studies of seasonal space use of polar bears have used
specific sea ice concentrations to define seasons or created dy-
namic seasons based on ice extent (Durner et al. 2009; McCall
et al. 2016). There is no consensus on how to define seasons
for these types of analyses. We believe that a segmented re-
gression is an objective and repeatable method for defining
seasons. Harp seal pupping off Labrador occurs in late Febru-
ary to early March, which is typically considered spring or
break-up (Sergeant 1991; Stenson 2002; Hammill and Sten-
son 2015), but which fell within our winter season. Our sam-
ple of female DS polar bears did not overlap with harp seals
during winter, and they did not travel south to these pup-
ping areas during break-up. Thus, the timing of harp seal
pupping may not have been important for our sampled bears.
Our tracked females may not be travelling to pupping areas
because sea ice in these areas is unstable and vulnerable to
premature breakup in storms and thus may be too risky for
females with cubs (Stirling and Derocher 1993; Mauritzen et
al. 2003). Females with cubs also avoid males due to risk of
infanticide (Taylor et al. 1985; Stirling and Ross 2011; Reimer
et al. 2019), and may avoid the pupping areas due to the pres-
ence of males.

Our study offers an example of how to investigate spatial
interactions between predator and prey in a marine envi-
ronment. Future studies could include more than one seal
species or incorporate the food of these seals. For example,
harp seals primarily eat capelin (Mallotus villosus Müller, 1776)
and polar cod (Boreogadus saida Lepechin, 1774) (Sergeant

1991; Hammill et al. 2021) and both species have been influ-
enced by changes in sea ice conditions and ocean tempera-
ture caused by climate warming (Buren et al. 2014; Geoffroy
et al. 2023). Additionally, polar bears across the Arctic, includ-
ing in the DS, primarily eat ringed seals, yet few papers an-
alyze how ringed seal spatial patterns affect the spatial pat-
terns of the polar bears that prey on them. However, without
long-term data, we are unable to gain insights into how cli-
mate change may be affecting the distribution of polar bears
and harp seals. The benefits of collecting polar bear satellite
telemetry data are well understood, as are the consequences
of not collecting it (Laidre et al. 2022). The same issue applies
to collecting spatial data on seals. With sea ice conditions pro-
jected to decline, understanding how climate change is affect-
ing polar bears and their prey requires new telemetry data to
effectively do so.
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Appendix A: Davis Strait sea ice analysis

Table A1. Description of how seasonal oscillation means were incorporated into the analysis of each sea ice metric in Davis
Strait (1979–2021).

Same season 1 season lag 2 season lag 3 season lag 4 season lag 5 season lag

Retreat date

Break-up Winter before Freeze-up before Summer before Break-up before Winter 2 years before

Advance date

Freeze-up Summer before Break-up before Winter before Freeze-up before Summer 2 years before

Summer period duration

Summer Break-up before Winter before Freeze-up before Summer before Break-up 2 years before

Mean summer concentration

Summer Break-up before Winter before Freeze-up before Summer before Break-up 2 years before

Decay rate

Break-up Winter before Freeze-up before Summer before Break-up before Winter 2 years before

Note: Since each metric occurs during a specific season, and not all start at the same season, the seasonal oscillation means also reflect this. For example, since the dates
of retreat occur during the break-up season, a 1 season lag for the seasonal oscillation would mean that we are applying the mean of the winter prior. Advance date, as
another example, occurs during the freeze-up season, so a 1 season lag would mean that we are incorporating the seasonal oscillation mean from the summer prior,
and so on.
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Table A2. Akaike information criterion corrected for small sample size (AICc) results for all sea ice models used to analyze
trends in Davis Strait sea ice from 1979 to 2021.

Dates of advance Dates of retreat Summer period duration Mean summer Decay rate

Model description AO NAO AO NAO AO NAO AO NAO AO NAO

Year 326.92 320.81 366.45 −306.96 −485.43

No lag 340.63 328.12 315.57 306.20 368.28 336.97 −287.75 −276.79 −472.43 −486.70

1 season 342.08 315.35 322.83 322.05 356.91 354.96 −279.39 −291.38 −484.92 −486.61

2 seasons 329.21 334.32 315.56 305.90 368.52 365.36 −287.11 −289.10 −473.34 −461.92

3 seasons 341.72 336.26 313.66 306.25 359.61 347.36 −282.31 −273.39 −473.73 −463.69

1 year 335.29 321.08 309.26 309.01 358.86 347.63 −279.37 −274.17 −463.08 −477.82

1 year and 1 season 335.30 328.39 314.87 314.17 351.16 355.84 −271.77 −281.17 −474.19 −473.47

Year + no lag 329.34 312.08 312.60 305.93 364.25 334.77 −308.31 −292.60 −470.64 −486.67

Year + 1 season 328.85 306.32 319.14 318.34 352.87 352.85 −296.72 −305.58 −483.79 −485.10

Year + 2 seasons 317.91 326.09 313.46 303.59 364.06 359.70 −304.88 −310.65 −471.97 −460.99

Year + 3 seasons 328.89 319.18 311.89 304.59 355.51 342.51 −296.87 −291.21 −472.58 −462.12

Year + 1 year 321.23 302.73 307.15 307.22 355.73 344.83 −296.28 −289.34 −461.53 −475.63

Year + 1 year and 1 season 322.43 314.91 312.53 312.10 348.54 352.59 −288.92 −296.22 −472.46 −472.48

% top models: 16.67 83.33 8.33 91.67 25.00 75.00 50.00 50.00 41.67 58.33

Total AO versus NAO top models: AO: 17/60 28.33% NAO: 43/60 71.67%

Note: The first column (Model description) represents the model used, including the predictor variables and a description of the lag involved in the oscillations. In the
top row, where “Year” is the only variable listed, no oscillation was included in the models. The remaining columns list each sea ice metric analyzed. For each metric, two
versions of each model are included, one where the mean seasonal Arctic Oscillation (AO) was used and the other where the mean seasonal North Atlantic Oscillation
(NAO) was used. The top models between AO versus NAO are bolded. The top model for each metric (i.e., each column) is underlined——where there are two underlined
in one column, these have a �AICc of less than 2.0. Note that the number of ice-covered days is not included here as this metric was only analyzed with one model.

Fig. A1. Daily sea ice concentration by year in Davis Strait from 1979 to 2021, with the segmented regression used to create
sea ice seasons highlighted in red. Vertical dashed lines illustrate the start date for each season (freeze-up = 2 November;
winter = 20 February; break-up = 26 April; summer = 31 July). These seasons were used to separate telemetry data into four
seasons to analyze seasonal habitat selection for both species.
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Fig. A2. Daily sea ice area per year in Davis Strait from 1979 to 2021. The threshold (381 533 km2) used to determine dates of
retreat and advance is highlighted in red.
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Appendix B: Davis Strait polar bear and harp seal data details

Table B1. Details of the polar bear dataset used in the analysis of home ranges in Davis Strait, including ID numbers, reproduc-
tive status at time of capture (where COY = cub of the year and YRLG = yearling), years of data, total number of fixes, number
of months of data, months of data, and the average number of fixes per month.

Bear ID Reproductive status Year # Fixes # Months Months Avg # fixes per month

1 X10695 Adult female 1991 62 9 April–December 6.9

2 X10695 – 1992 48 8 January–August 6

3 X10707 Adult female + 1 YRLG 1992 36 9 April–December 4

4 X10700 Adult female 1993 45 11 February–December 4.1

5 X10703 Adult female 1993 38 10 March–December 3.8

6 X10707 – 1993 39 10 February–November 3.9

7 X10709 Adult female 1993 48 11 February–December 4.4

8 X13284 Adult female + 1 COY 1993 47 12 January–December 3.9

9 X13289 Adult female + 2 COY 1993 45 12 January–December 3.8

10 X13292 Adult female + 2 COY 1993 56 12 January–December 4.7

11 X10700 – 1994 35 9 January–September 3.9

12 X10703 – 1994 38 7 January–July 5.4

13 X11975 Adult female 1994 41 11 February–December 3.7

14 X12080 Adult female 1994 50 10 March–December 5

15 X12092 Adult female 1994 31 9 April–December 3.4

16 X13289 – 1994 55 12 January–December 4.6

17 X13292 – 1994 36 12 January–December 3

18 X13428 Adult female + 1 COY 1994 50 12 January–December 4.2

19 X11975 – 1995 34 10 January–October 3.4

20 X12080 – 1995 43 10 January–October 4.3

21 X12086 Adult female 1995 31 10 January–October 3.1

22 X13746 Adult female + 2 YRLG 1995 58 10 January–October 5.8

23 X30126 Adult female + 2 YRLG 1998 39 12 January–December 3.3

24 X30129 Adult female + 1 YRLG 1998 30 12 January–December 2.5

25 X30131 Adult female + 2 YRLG 1998 32 12 January–December 2.7

26 X30126 – 1999 38 9 January–September 4.2

27 X30129 – 1999 39 9 January–September 4.3

28 X30131 – 1999 39 9 January–September 4.3

29 X30135 Adult female + 2 COY 1999 32 12 January–December 2.7

Averages: 41.9 10.4 – 4.1

Note: All individuals with less than 7 months of data were removed from the analysis.
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Table B2. Details of the harp seal dataset used in the analysis of home ranges in Davis Strait, including ID numbers, years of
data, total number of fixes, number of months of data, months of data, and the average number of fixes per month.

Seal ID Year # Fixes # Months Months Avg # fixes per month

1 95Pg1 1995 70 8 May–December 8.8

2 95PG10 1995 96 7 June–December 13.7

3 95PG11 1995 35 5 June–October 7

4 95Pg2 1995 33 6 June–November 5.5

5 95Pg3 1995 50 8 May–December 6.3

6 95Pg5 1995 43 8 May–December 5.4

7 95Pg7 1995 80 8 May–December 10

8 95PG8 1995 37 8 May–December 4.6

9 95Pg9 1995 134 8 May–December 16.8

10 96PG6 1995 58 8 May–December 7.3

11 96PG10 1996 54 6 June–November 9

12 96PG4 1996 58 8 May–December 7.3

13 96PG5 1996 40 8 May–December 5

14 44413 2004 381 8 May–December 47.6

15 44414 2004 304 8 May–December 38

16 44416 2004 261 6 May–October 43.5

17 44418 2004 553 8 May–December 69.1

18 44420 2004 307 8 May–December 38.4

19 44424 2004 363 5 June–October 72.6

20 44431 2004 492 7 May–November 70.3

21 44434 2004 336 7 June–December 48

22 44436 2004 374 7 May–November 53.4

Averages 189.1 7.3 – 26.7

Note: All individuals with less than 5 months of data were removed; no individual had more than 8 months of data.
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Fig. B1. Area of home range size (km2) per number of months of data that each individual polar bear and harp seal has in Davis
Strait from 1979 to 2021. Panels (A) and (B) are of polar bears and panels (C) and (D) are of harp seals. Panels (A) and (C) include
minimum complex polygon areas, while panels (B) and (D) include kernel density estimates. The red lines illustrate linear
regressions, although all were insignificant (p ≤ 0.05). The p-values and adjusted R2 values are included for each regression.

A
rc

tic
 S

ci
en

ce
 D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

75
.1

52
.1

3.
11

6 
on

 0
5/

07
/2

5

http://dx.doi.org/10.1139/as-2023-0052


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


