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Figure 5.2 Kitikmiut Knowledge of Akhak (Grizzly Bear) in the Kogloktoakyok (Grays Bay) Project Area – adopted from Banci and 
Spicker (2024) 
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5.2.1 Population 

The western population of grizzly bears is designated as Special Concern by the SARA (Government of 
Canada 2018). NU has designated grizzly bears as Vulnerable (Canadian Endangered Species 
Conservation Council 2022), and the NT has not assessed or provided a status for the species 
(Government of Northwest Territories 2024a). 

Barren-ground grizzly bears were the focus of research in the Kugluktuk area from 1988 to 1991, when 
15 females were collared with standard VHF radios and monitored (Case and Buckland 1998). Between 
1995 and 1999, 81 bears within the Slave Geological Province were fitted with satellite collars during the 
WKSS (McLoughlin et al. 2002a). This latter work especially resulted in an increased understanding of 
grizzly bear ecology, distribution, and abundance in the region. 

In comparison with other populations in North America, grizzly bears within the Central Arctic have very 
large home ranges, and exist at low density in areas of low productivity and low-quality habitat 
(McLoughlin et al. 2000). Recorded densities in tundra habitat are among the lowest on the continent 
(COSEWIC 2012). Rough population estimates for grizzly bears within NU based on extrapolation of 
densities from local studies are 800 (minimum estimate) to 2,000 (typically a minimum of 3.5 to 
4 bears/1,000 km²), with the majority of these in the Kitikmeot Region (COSEWIC 2012). P. McLoughlin 
(pers. comm., April 7, 2006) suggested these are overestimates, and that in the late 1990s at most 800 to 
1,000 grizzly bears resided in all of NU. 

Nearly 180 bears were identified through hair capture within a 39,000 km² study area north, west, and 
south of Kugluktuk in 2008 and 2009, suggesting annual densities of 5.9 – 6.2 bears/1,000 km² 
(Dumond et al. 2011). Thirty-one bears were sampled on a 3,700 km² grid in the Hope Bay area in 2010 
(Rescan 2012). In 2011, the study area was 6,500km2 and 39 individual bears were sampled 
(Rescan 2012). On the border of NU and the NT in the Lac de Gras region a study completed by 
Barrueto et al. (2023) in 2013 & 2014, showed a density of 5.9 grizzly bears/1,000 km2.  

The 2012 Izok area DNA study identified 50 individual grizzly bears (22 males, 28 females), resulting in 
an estimated density of 8.7 bears/1,000 km² (Boulanger 2013a). Bear’s hair were captured at 42 of the 
tripods (61%) over the course of the study. Between one and five individual bears were identified at 
individual tripods during the study, with fewer bears captured in portions of the far western and northern 
areas. Estimated density of females was higher than males (5.0 and 3.7 bears/1,000 km², respectively), 
likely related to higher detection probabilities at their home range centres (Boulanger 2013a). 

The Kitikmeot region DNA study completed between 2021 and 2023 estimated bear densities for the west 
Kitikmeot region at 6.6 bears/1000 km2 (359 grizzly bears) in 2021, 5.5 bears/1000 km2 (262 bears) in the 
central Kitikmeot region in 2022, and 6.2 bears/1000 km2 (306 grizzly bears) in the east Kitikmeot region 
in 2023 (Awan et al. 2025). Total population estimate for the entire Kitikmeot region was 927 grizzly bears 
(Awan et al. 2025). The Project falls within the central Kitikmeot region of this study.  
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Table 5.4 Estimates of Density and Population of Grizzly Bears in the Project Region 

Year Area/ Region Density (# / 1,000 km2) Population Reference 
2008 & 
2009 

39,000 km² study area north, 
west, and south of Kugluktuk 

5.6 n/a (Dumond et al. 2011) 

2012 Izok 8.7 n/a (Boulanger 2013a) 

2021 West Kitikmeot 6.6 359 (Awan et al. 2025) 

2022 Central Kitikmeot 5.5 262 (Awan et al. 2025) 

2023 East Kitikmeot 6.2 306 (Awan et al. 2025) 

 

Although grizzly bears in the region are part of the Bathurst Inlet population group or cluster (grizzly bear 
[GB] management zone GB/02; Wildlife Research Section 2007), exchange rates among population units 
suggest that the grizzly bear population in the central Canadian Arctic should be treated as open and 
continuous (McLoughlin et al. 2002b). The abundance and distribution of grizzly bears within the 
Kitikmeot region may have changed over the past several decades, with increased reports of grizzly 
bears moving northward from the Arctic mainland and eastward into previously lightly populated areas 
(Keith and Arqviq 2006, Dumond 2007a, Slavik 2010). However, looking at the data from previous 
surveys, population density estimates have remained relatively constant (see Table 5.4).  

Grizzly bears in general exhibit low intrinsic rates of increase, a result of late age at maturity, small litter 
sizes, and long intervals between litters. As populations living in low-productivity areas at the edge of 
grizzly bear range in North America, barren-ground populations would be expected to exhibit even lower 
rates of reproduction relative to other bear populations (McLoughlin et al. 2003a). However, while 
Case and Buckland (1998) and McLoughlin et al. (2003b) found comparatively late age at first 
reproduction, they observed relatively large litter sizes, low intervals between litters, and corresponding 
high natality rates. Although Inuvialuit and Inuit knowledge combined with previous survey data and 
modelling suggest the population of barren-ground grizzly bears in the Kugluktuk and WKSS studies to be 
stable to slightly increasing (Case and Buckland 1998; Philip D. McLoughlin et al. 2003a; Inuvik 
Community Corporation et al. 2006; Wildlife Management Advisory Council (North Slope) 2008; 
Thorpe Consulting Services Ltd. 2014a; Barrueto et al. 2023; Awan et al. 2025). Population viability 
modelling using data from the WKSS suggests that small increases to the current level of human-caused 
mortality greatly increase the risk of population reduction (McLoughlin et al. 2003b). 

Forty-four incidental observations of grizzly bears were made within the RSA between 2004 and 2013, 
totalling 69 individual bears. Cubs were observed on 11 of these sightings, including cubs of the year, 
yearlings and 2-year olds (age of cubs not always recorded). Sows were accompanied by one or 
two cubs on most occasions, but a sow with three cubs was observed in 2012. 
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5.2.2 Harvest and Mortality 

As of June 2019, non-resident sport hunting has an annual quota of 15 for the Kitikmeot region and 10 for 
Kivalliq region (Awan 2021). Non-residents are subject to a trophy fee, and harvest reporting is 
mandatory. Subsistence harvesting reports are voluntary and therefore existing data may not be complete 
(Awan 2021).  

Priest and Usher (2004) recorded a harvest of 27 grizzly bears in the Kitikmeot Region between 1996 and 
2001, the bulk of which came from Kugluktuk (78%). Nunavut-wide human-caused mortalities from 2001 
to 2010 averaged 15 hunter kills and eight bears killed for defence and other causes annually 
(COSEWIC 2012). Mean rates of kill in response to conflicts with humans for the past decade, as a 
proportion of total known kill, were therefore roughly 30% in NU. Between 2009 and 2024, 6 grizzly bears 
were harvested in the Central Kitikmeot region (the area that the Project lies within) as described by 
Awan (2025). 

From 2013 to 2019 a total of 232 grizzly bears were reported harvested in NU, 93 from the Kitikmeot and 
139 from the Kivalliq region (Awan 2021). Grizzly bear harvest was concentrated in the western Kitikmeot, 
in the vicinity of Kugluktuk, Cambridge Bay and along the traditional travel route from Cambridge Bay to 
the Bathurst Inlet area. The proportion of adults in the Kitikmeot harvest was 60%. The average harvest in 
the Kitikmeot from 2013 to 2019 appears to be relatively stable (average of 13 bears harvested/year) with 
a slight increase in the last three hunting seasons (Awan 2021). The NWMB regulated the 
non-resident/non-resident foreigner sport hunt of grizzly bears by an annual quota of 10 for the 
Kitikmeot region, but in June 2019 the NWMB increased their annual sport hunt quota from 10 to 15 tags 
(Awan 2021).  

Additionally, grizzly bear harvest records from 1990 to 2024 in the Kitikmeot region showed a total of 
478 individuals harvested during those years (Leclerc 2025c). Most of the grizzly bears were harvested 
by hunters from Kugluktuk (57%) and by hunters from Cambridge Bay (22%), with the next highest 
numbers coming from Omingmaktok (9%) and Bathurst Inlet (7%), Gjoa Haven (2%), and 
Omingmaktok/Kingaut (2%) (see Figure 5.3 and Figure 5.4). Only one grizzly bear was reported 
harvested for the communities of Bathurst Inlet/Cambridge Bay, Kugaaruk, Taloyoak and 
Chesterfield Inlet. The majority of the grizzly bears harvested during this time were male (77%) while 23% 
were female (Leclerc 2025c).  

When plotted, kill data from GN-DOE show a concentration of kills in the Kugluktuk and Bathurst Inlet 
areas (see Figure 5.3 and Figure 5.4) from 1995 to 2009. From 2012 through 2024, most kills were 
concentrated in Kugluktuk and Cambridge Bay. Where sex of the bear was identified, 84% were males 
(n = 434). Under proposed TAH management, the recommended annual quota is six grizzly bears from 
the Bathurst Inlet population (GB/02; Wildlife Research Section 2007). Under TAH management, problem 
kills in NU will come off the quota, as opposed to the current system of no quota reductions from problem 
kills. However, these recommendation has not be accepted for grizzly bear management, as there’s no 
TAH in NU (Awan 2021). 
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Figure 5.3 Total numbers of grizzly bears harvested in the Kitikmeot region by year and by 
each community between 1990-2024 (derived from Leclerc 2025a). 
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5.2.3 Movements and Distribution 

Grizzly bear have expanded their range in the Central Arctic, with community members in Cambridge Bay 
alerting biologists to sightings on the south coast of Victoria Island starting in the late 1990s (NTKP 2018). 
Today, their occurrence on Victoria Island is no longer a rarity (Gunn 1991; Dumond 2007a; Slavik 2010; 
COSEWIC 2012; Thorpe Consulting Services Ltd. 2014b,a). The range of grizzly bears has been 
expanding northwards, particularly from 2000 to 2015, with community members reporting grizzly bears 
crossing the Coronation Gulf to Victoria Island for the first time in living memory (Thorpe Consulting 
Services Ltd. 2014a, b; NTKP 2018). Grizzly bears are also said to be coming closer to communities in 
search of food and becoming more of a nuisance (Golder Associates Ltd. 2010).  

Grizzly bears occur throughout the Project area. Although observations appear to be more numerous in 
the Ulu, High Lake, and Grays Bay areas (see Figure 5.5), these in part reflect greater presence by 
observers in those areas. It is unclear whether densities differ between coastal and interior portions of the 
Project area. Based on a study by Awan et al. (2025) the sub-grid sampled in the north had a lower 
density (2.4 grizzly bears/1,000 km2) then the sub-grid in the south (5.8 grizzly bears/1,000 km2). 
Grizzly bears were observed incidentally throughout the Project area (see Figure 5.5). Seasonal 
migrations to higher quality food sources likely occur; the calving Bathurst caribou herd along the 
Hood River likely attracts a relatively high number of bears in June, and seasonal fish sources along the 
coast may draw in bears as well (Wildlife Management Advisory Council (North Slope) 2008, 
Thorpe Consulting Services Ltd. 2014a). Mean home range sizes for grizzly bears from the Central Arctic 
varied from 2,100 km² for females to 7,245 km² for males (using a 95% fixed kernel estimate), and are the 
largest home ranges recorded in North America (McLoughlin et al. 2003a; COSEWIC 2012). 
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5.2.4 Habitat Use and Diet 

Studies by McLoughlin et al. (2002a) indicated selection of esker, tussock/hummock tundra, lichen veneer 
(flat islands and low peninsulas with continuous mats of lichen), birch seep, and riparian tall shrub 
habitats at the landscape scale, with no major differences between sexes. Inuit Knowledge holders and 
scientists both observed that within home ranges all bears generally selected for eskers and tall shrub 
riparian habitats (De Beer Canada Inc. 2013), with tussock/hummock tundra favoured by males. These 
habitat selection patterns likely result from food availability and abundance (McLoughlin et al. 2002a), but 
because of the resolution of the data (satellite-collar data and digital vegetation coverage), results should 
be considered to be relatively coarse. Eskers harbour berry-producing shrubs and ground squirrels, and 
are used seasonally when those food sources are available (Gau et al. 2002). Riparian zones contain 
preferred horsetails and sedges and are often used by caribou for feeding. Females with cubs differed 
from males and lone females in their habitat use, possibly to reduce interactions with other predatory 
bears (McLoughlin et al. 2002a). 

Habitat suitability values for grizzly bear developed by Johnson (unpublished data) were applied for 
habitat modelling (see Figure 5.6). Heath tundra and shrub habitats were considered high-quality 
habitats. Modelled grizzly bear habitat showed lower quality habitat in the more bedrock/boulder cover 
classes west and southwest of High Lake and broadly within the treeline transition zone. Approximately 
34% (25,015 km²) of the area modelled was considered high-quality grizzly bear habitat, 20% 
(15,209 km²).  

C21 ““The newborn caribou calves are born in June after the rivers are flowing. The grizzly bears 
hunt them when the newborn calves are learning how to run. The calves are still slow so they 
catch them, just like eating hikhik. Sometimes the female caribou get killed when trying to protect 
their calves. The caribou don't have teeth but they have antlers, which they try to use to protect 
their young. Once the grizzly bears bite the caribou by the neck the caribou are dead” (Banci and 
Spicker 2024). 

Isotope analysis supports the conclusion of a heavy meat diet; a continent-wide study showed that 
Central Arctic bears with access to caribou consistently had the highest terrestrial meat consumption of 
any population sampled in North America (Mowat and Heard 2006). Green vegetation (primarily horsetail 
and sedges) formed the greatest component of the diet in early summer, and berries increased in 
importance in late summer (NTKP 2018). Arctic ground squirrels (hikhik) formed a small portion of the diet 
in all seasons except early summer. 
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Grizzly bears may also prey on marine animals, including marine mammal carcasses, Arctic char 
(late July through August), or resident fish (lake trout or land-locked Arctic char; Wildlife Management 
Advisory Council (North Slope; WMAC) 2008). The use of these food sources is likely opportunistic 
(Edwards et al. 2011), whereby bears may scavenge remains, capture fish moving in shallow streams 
between deeper lakes or pools, or capture fish during the migration of spawning Arctic char at cascades 
or obstructions to movement. Grizzly bears may also prey on seals, particularly in the spring; one 
interviewee told a story of seeing a grizzly taking seals out on the ice in the spring (Wildlife Management 
Advisory Council (North Slope) 2008).  

“And sometimes we see their track on the ice hunting seal, hunting seal just like the polar bear” 
(Pat Ekpakohak (Ulukhaktok), in Slavik 2010). 

In mid-June 2004, marine mammal surveys along the coast detected four grizzly bears adjacent to or on 
the sea ice, including one bear 20 km from the mainland. When the fall berry crop is poor within Inuvialuit 
lands, more bears were seen scavenging whale carcasses on the coast (Wildlife Management Advisory 
Council (North Slope) 2008). 

The WKSS research examined 56 grizzly bear dens (McLoughlin et al. 2002c). The majority of grizzly 
bears entered dens in the last two weeks of October and emerged in early May. Although esker habitat 
was selected more than expected by chance, 60% of the dens were in heath tundra and heath-boulder 
habitats, with most of the remaining dens in riparian tall shrub and birch seep habitats. The majority of 
dens had a south or west exposure and were constructed under tall shrubs that likely help to support the 
ceiling. The substrate was generally well drained. Most dens collapsed by mid-summer, thus most bears 
likely dig new dens each year (McLoughlin et al. 2002c). Inuit Knowledge indicated that grizzly bears like 
rough areas for denning (Wolfden Resources Inc. 2006). Concern for grizzly bear denning habitat in the 
region is high; the West Kitikmeot Regional Land Use Plan (WKRLUP) stipulates that works and activities 
must not disturb grizzly bears dens in or on eskers (Nunavut Planning Commission 2004). 

Thirteen l den sites were recorded within 100 km of the Project, providing details on den sites specific to 
the northern mainland and on sites that may not have been included in the overall research summary 
(McLoughlin et al. 2002c). The bulk of these sites were <12 km from the Hood, James, and Burnside 
rivers and their tributaries. One of the sites was approximately 15 km southeast of the High Lake camp, 
and several were 15 to 25 km east of the proposed road alignment. These northern den sites were in 
heath (n = 6), esker (4), and tall shrub riparian (3) habitats, at a range of distances from water (5 to 
2,000 m), with a preference for all but north aspects, in the top to middle portions of moderately steep 
slopes (mean of 27°). At most sites the soil was sand-dominated with shrubs, presumably to help stabilize 
the substrate. Dens used by two bears in successive years (1998 and 1999) were 9 and 42 km apart. 

Few grizzly dens were verified during Project field work, with suspected dens located south of Grays Bay 
(mid-slope on a hill), and near Jericho (in glacio-fluvial material). Outside of the RSA (approximately 
30 km southwest of the Izok area), one of the wolverine DNA posts was inadvertently placed about 10 m 
from a grizzly bear den. 
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5.3 Wolf 

Grey wolves are found throughout much of northern and western Canada; within this range, they are 
often categorized into different subspecies based on distribution, behaviour, genetics, and physiological 
differences. Within northern Canada, wolves are often grouped in the following three categories: 
1) timber wolves that live below the treeline and primarily depend on non-migratory prey such as moose; 
2) tundra wolves that travel between the Arctic tundra in the summer and area below the treeline in the 
winter and depend largely on barren-ground caribou populations; and, 3) Arctic or island wolves that live 
on the Arctic islands and prey mostly on caribou, muskox and Arctic hares (okalik; Lepus arcticus) 
(Carmichael 2007; Musiani et al. 2007). At the federal level, the COSEWIC has assessed the northern 
populations of the grey wolf (Canis lupus occidentalis) as ‘Not at Risk’ (1999) due to a large, widespread 
population with no evidence of decline over the 10 years prior to assessment, while the Arctic form 
(C. l. arctos) was assessed as ‘Data Deficient’ (1999) as a result of insufficient data on population 
numbers, trends, and diet (COSEWIC 2011). Within NU, the conservation status of wolves is considered 
‘Secure’ (Canadian Endangered Species Conservation Council 2022). 

Wolves are found throughout the RSA and are generally considered tundra wolves; however, there may 
be some interaction with Arctic island wolves from Victoria Island during the winter months as the wolves 
follow the Dolphin and Union caribou across the Coronation Gulf to winter on the mainland 
(Carmichael et al. 2001; Carmichael 2007). The ecology of wolves in the region is most closely 
associated with caribou, as wolves tend to prey predominantly upon caribou during most of the year 
(Kuyt 1972, Williams 1990, Heard and Williams 1992, Wiebe et al. 2009). These wolves generally follow 
caribou herds on their annual migration, except during the denning period, which generally runs from 
parturition in mid- to late May, through to September or October when the pups can travel with the adults 
(Heard and Williams 1992; Walton et al. 2001; Cluff et al. 2002; Musiani et al. 2007; Klaczek et al. 
2015).Within the tundra, wolves showed no preference for denning near caribou calving range 
(Heard and Williams 1992).  

Inuit Knowledge recognizes that wolves occur throughout the Kitikmeot region; however, knowledge on 
wolf occurrence in the Project area is primarily along the Grays Bay coastline, the area between the 
James River and the Hood River, and is the southern portion of the Grays Bay Project area 
(see Figure 5.7). The identified areas of wolf occurrence show a correlation to the Inuit’s historic travel 
routes through the Project area and Kitikmeot region. Inuit Knowledge identified wolf dens to primarily 
occur in the south portion of the Project region, and on the west side of Bathurst Inlet and near Kingaok 
(see Figure 5.7).  
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Figure 5.7 Kitikmiut Knowledge of Amagok (Wolf) in the Kogloktoakyok (Grays Bay) Project Area – adopted from Banci and Spicker 
(2024) 
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5.3.1 Population 

Wolf populations are difficult to estimate, especially populations that rely on migratory barren-ground 
caribou resulting in large annual home ranges (Adamczewski et al. 2009). Also, wolves are present in 
areas at relatively low densities, and are more active during hours of darkness (Adamczewski et al. 
2009). Due to the difficulties defining and determining wolf populations, den site occupancy often is used 
to establish population trend. 

When the Bathurst caribou population was higher in the late 1990s (~350,000 animals), it was believed 
the herd supported approximately 1,000 wolves; however, wolf den occupancy on the Bathurst summer 
range decreased through the 1990s (Gunn et al. 2011). Another study estimated wolves were responsible 
for killing approximately 55,500 Bathurst caribou annually, representing 16% of the 1990 herd population, 
and translating to an estimated 2,250 wolves on the Bathurst range (Case et al. 1996). The abundance of 
wolves on the Bathurst caribou herd’s winter range was estimated at 211 (± 66 SE) wolves during a 
stratified random survey in 2006—a much lower than expected result (Mattson et al. 2009).  

Between 1996 and 2009, an average of 20.5 wolf dens (a range of 14 to 28; n = 292) were active on the 
Bathurst herd’s summer range in early summer (May to June; Adamczewski et al. 2009). Between 1996 
and 2003, Frame et al. (2008) found that the number of pups per den varied from 0.6 (0.37 SE) to 
4.1 (0.92 SE) pups per den, with a mean of 2.7 (0.31 SE) pups per den. A major decrease in the number 
of dens active in June that remain active in August may suggest that pup mortality has increased, likely a 
result of the decline in the Bathurst herd. Declines in pack size have also been observed in conjunction 
with the Bathurst herd’s decline, with around 6 to 8 adults per den noted in the late 1990s and only 
around 2 to 4 adults observed per den in the early 2010s (Cluff, pers. comm., March 15, 2012; 
Frame et al. 2008). Low rates of pup recruitment and high den abandonment were correlated with 
declining numbers of Bathurst caribou and contraction of late-summer distribution of the herd towards the 
calving range, and likely resulted in a numeric response in wolf densities with declining caribou numbers 
(Klaczek et al. 2016). High rates of den abandonment and low pup recruitment were also observed during 
the 2013 and 2014 denning periods (Government of Northwest Territories 2014). Contrary to measured 
declines, Inuit Knowledge suggest that wolf populations were increasing, with more animals coming 
closer to communities and being harvested (Thorpe Consulting Services Ltd. 2014b). 

Surveys completed in the North Slave Region of the Northwest Territories in the boreal forest in 2023 and 
2024 found 2 and 7 active wolf dens, respectively, while in 2012 there were 22 active dens in the same 
area (Wilson et al. 2025). Zero to three pups were seen at each den in 2023 and 2024 (Wilson et al. 
2025). 

5.3.2 Harvest and Mortality 

Local Inuit hunt wolves on an opportunistic basis, primarily by shooting from snow machines and to a 
lesser extent by trapping. Wolves can concentrate near large herds of wintering caribou, occasionally 
resulting in high wolf harvests if these concentrations occur in open tundra areas around communities. 
Upwards of 850 wolves were killed near Kugluktuk during winter 1978–1979 when a large part of either 
the Bathurst or Bluenose-East caribou herd wintered near that community, and similar results have been 
reported for other Western Arctic communities (Hayes and Gunson 1995). Kugluktuk residents have 
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reported numerous wolves between Grays Bay and High Lake (Wolfden Resources Inc. 2006). Wolves 
were also trapped within the winter range of the Bathurst herd, with records of 104 wolves harvested by a 
single trapper from Fort Reliance in 2006 (Adamczewski et al. 2009). During 2023-2024, 154 wolves were 
harvested in the North Slave Region of the Northwest Territories in an area that overlaps the Bathurst 
caribou winter range (Wilson et al. 2025). The GN-DOE did not recommend a TAH for wolves in the 
mainland portion of NU (Wildlife Research Section 2007), and no TAH is currently in effect (Awan et al., 
2023). 

Reported wolf kills in the region for 2011 to 2015 (M. Aswan, GN, unpublished data, December 2016) 
were focused on the communities of Kugluktuk and Cambridge Bay, with no recorded harvest within the 
Project RSA (see Figure 5.8). Just over half of reported kills were males (n = 98), while around 43% were 
females (n = 77), and less than 3% were unknown (n = 5). During the 2019 harvest year (July 1, 2018 to 
June 30, 2019) in Kitikmeot, 146 wolves (60% male) were harvested primarily by hunters from Kugluktuk, 
and between 2019-2020 in Kitikmeot 155 wolves (54% male) were harvested (Awan et al. 2023b). 

Starting in 2018-2019 in the Kitikmeot region and expanding to all of NU in 2019–2020, the GN offered 
compensation to local hunters to harvest wolves and provide sample and location data, through the 
Support for Active Harvesters program (Awan et al. 2023b). A total of 1,500 wolves were killed by hunters 
within NU over 3 years between 2018-2021, and these harvest data were examined to describe the 
spatial and temporal patterns of the NU wolf harvest in relation to caribou densities based on collared 
individuals (Awan et al. 2023b). Within the Kitikmeot region during the -2019 harvest year, 146 wolves 
were recorded harvested by 52 hunters primarily from Kugluktuk, with a high proportion of the harvest 
during October-December comprised of juveniles (Awan et al. 2023b). Across NU during the 
2020 harvest year, 658 wolves were recorded harvested, and during the 2021 harvest year a total of 
699 wolves were recorded harvested (Awan et al. 2023b). Most of the harvest (~65%) was done by 
hunters from Arviat, Baker Lake and Kugluktuk, and nearly all (99%) of the wolves were shot and the 
remainder were trapped (Awan et al. 2023b). 

5.3.3 Movements and Distribution 

Several studies have examined tundra wolves in the central Canadian barrens, including those 
associated with the Bathurst caribou herd (e.g., Heard and Williams 1992; Walton et al. 2001; Cluff et al. 
2002; Frame et al. 2004, 2008; McLoughlin et al. 2004; Musiani et al. 2007; Klaczek et al. 2015, 2016). 
Except during the denning period, these animals do not maintain permanent territories but are migratory. 
They follow caribou from wintering areas south of the treeline to denning areas in the tundra just north of 
treeline (Heard and Williams 1992), resulting in extensive annual ranges, averaging 43,700 km² 
(Cluff et al. 2002). 

A large number of the wolves found within the RSA, particularly those denning in the southern sections of 
the RSA and within the Izok to Lupin areas, are believed to be associated with the Bathurst caribou herd; 
however, not all wolves within the study area are expected to follow this migratory pattern. Genetic 
studies on northern wolves found that although the Victoria Island wolf population is genetically distinct 
from mainland wolf populations, there is evidence of island-mainland gene movement, believed to be 
associated with the movement of the Dolphin and Union caribou herd (Carmichael et al. 2001; 
Carmichael 2007). Presumably, some of these wolves spend the summer denning period on 
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Victoria Island, follow the caribou over to the mainland for the winter months, and then return to 
Victoria Island in the spring. Additionally, baseline field surveys in 2012 documented two adult wolves at a 
den site just south of Coronation Gulf. Although they likely take advantage of the presence of the Dolphin 
and Union caribou in the winter months, this pack evidently did not follow the local caribou herds during 
the spring and summer months. A study on wolves within the range of the migratory Western Arctic 
caribou herd in northwestern Alaska found that these animals do not migrate with the caribou; caribou are 
the main prey when they are present, but when caribou numbers drop, wolves switch to preying on 
moose (Ballard et al. 1997). The wolf pack observed denning near Coronation Gulf may follow a similar 
strategy, switching to alternative prey such as moose, muskox, or various smaller animals during the 
spring through fall period. 

Arrival on summer (denning) range occurs in April and the first half of May, with departure in late October 
or early November. Very few wolves actually den on or near the caribou calving range (see Figure 5.9); 
denning in the tundra tends to occur closer to treeline, likely a strategy to optimize timing and access to 
caribou for rearing pups since post-calving movements often bring the caribou back to the denning 
wolves when the nutritional demands of the pups are greatest (Heard and Williams 1992; Cluff et al. 
2002). Summer ranges are much smaller than other seasonal ranges as wolves are restricted to areas 
near the den site. In a study by Cluff et al. (2002), home ranges averaged 589 ± 152 km² (n = 16) and 
2,273 ± 953 km² (n = 11) for female and male wolves, respectively. Since denning often occurs near 
treeline, distant from areas of high caribou density, diet during the summer, while still predominantly 
caribou, may become more diverse (Kuyt 1972); and adult wolves may undertake long-distance summer 
excursions, ostensibly towards calving range with higher densities of caribou (Cluff et al. 2002; 
Frame et al. 2004). July may be a critical time for wolves in this area, as caribou are generally farthest 
from the treeline, and consequently far from denning sites (Williams pers. comm. in Bromley and 
Buckland 1995). 

Numerous wolf observations were recorded in the RSA across all seasons. Although many were likely 
repeated observations of the same individuals, wolf observations were distributed throughout the RSA, 
with more sightings recorded in the Ulu to Grays Bay area (northern RSA) than the southern RSA 
(see Figure 5.9). 
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5.3.4 Habitat Use and Diet 

Caribou comprise the bulk of the diet of wolves throughout the year, although other prey such as rodents, 
birds, eggs, fish, Arctic hare, and muskox may be locally or seasonally important, particularly in areas 
temporarily devoid of caribou (Kuyt 1969; Kuyt 1972; Williams 1990; Wiebe et al. 2009). Wolves on 
Victoria Island prey primarily upon muskoxen, comprising approximately 90% of their diet; but wolves in 
this area do have the opportunity to prey upon either Peary or Dolphin and Union caribou (Larter 2013).  

Denning on the tundra is almost exclusively in eskers, other glacial-fluvial formations, or river banks 
where the sand or gravel substrate facilitates digging (Cluff et al. 2002; McLoughlin et al. 2004; 
Wolfden Resources Inc. 2006, Klaczek et al. 2015). Denning habitat may be limiting in this region due to 
the prevalence of bedrock, water bodies, and permafrost which prohibit digging, and the distribution of 
eskers may be a limiting factor when wolf population densities are high (Klaczek et al. 2015). Studies of 
the habitat selection of wolves in this area have found selection for esker habitats at the home range 
scale, indicating that the availability of esker habitats is a key component in the selection of summer 
home ranges (Cluff et al. 2002; McLoughlin et al. 2004; Klaczek et al. 2015). Within a home range, 
studies have found little selection for specific habitats, indicating that wolves do not preferentially use any 
habitat types (other than possibly bedrock) during their daily movements (Cluff et al. 2002; 
McLoughlin et al. 2004). Den sites may be used repeatedly over time, resulting in traditional denning 
areas (Walton et al. 2001; Wolfden Resources Inc. 2006). Wolf den sites have been documented and are 
shown in Figure 5.9.  

Between 2004 and 2012, six active wolf dens were located within the RSA. Active dens were in eskers 
(two), glacio-fluvial banks or ridges associated with rivers (three), and unknown (data not recorded; one). 
Observations of wolves at active den sites ranged from 0 to 5 adults and 0 to 2 pups. 

The 2012 field season was the most intensive terrestrial wildlife program within the RSA. During 2012, 
four active dens were observed within the RSA including one near the coastline at Grays Bay, two 
northwest of Jericho, and one south of Ulu. It is unknown whether these four dens represent four 
separate packs or if some of the dens were used by the same pack at different times throughout the 
denning period; however, based on the timing of the observations and the locations of the various den 
sites, a conservative estimate indicates that there were at least three or four packs denning within the 
RSA in 2012. 
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5.4 Wolverine 

Wolverines are solitary carnivores with low population densities and large home ranges that range 
throughout most of northern and western Canada (COSEWIC 2014). They are both scavengers and 
predators, relying on a diversity of foods including birds, small mammals, and large prey such as 
ungulates to offset the uncertainty of food availability in the harsh northern environment. Wolverines are 
an important cultural and economic resource for the people of the NT and NU. Inuit speak highly of the 
wolverine for its intelligence and cunning (Banci and Spicker 2024). 

Research initiated in 1996 northwest of Lac de Gras in the central barrens has substantially increased the 
understanding of the ecology of northern wolverines (Mulders 2000; Mulders et al. 2007). Abundance 
studies using identification of individuals using DNA from remotely obtained hair have been completed at 
several mine sites and the Daring Lake, NT research station since 2005 (Mulders et al. 2007; 
Boulanger and Mulders 2008, 2013), and within study areas in western Kivalliq, NU (M. Aswan, GN, 
unpublished data, October 2016). Regionally, additional genetic mark-recapture population studies were 
undertaken in the Izok area in 2012 and at Napaktulik (Takijuq) Lake (partially in W-RAA) in 2018/2019 
(Boulanger 2013b; Awan et al. 2020).  

Inuit Knowledge identified wolverine to occur throughout the Kitikmeot region. Within the Project Area, 
wolverine occurrence was identified along the Grays Bay coastline and adjacent uplands, along the 
James River, and around Contwoyto Lake and Kathawachaga Lake (see Figure 5.10). Wolverine 
occurrence as identified by Inuit Knowledge is associated within historic Inuit travel routes through the 
Kitikmeot region. The southern boundary of the Project area is known to contain numerous wolverine 
dens as identified by Inuit Knowledge (see Figure 5.10). 

Regulators have raised concerns about the health of wolverine populations in the Arctic (Johnson et al. 
2005; Mulders et al. 2007). Wolverines have been killed or translocated from several mining 
developments in past decades (e.g., Diavik Diamond Mines Inc. [2003]; BHP Billiton [2006]). Thus, there 
is the potential for cumulative impacts from disturbance and increased mortality on populations that may 
lead to declines in abundance (Johnson et al. 2005; Mulders et al. 2007). 
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Figure 5.10 Kitikmiut Knowledge of Kalvik (Wolverine) in the Kogloktoakyok (Grays Bay) Project Area – adopted from Banci and 
Spicker (2024) 
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5.4.1 Population 

Wolverine is classified as a species of Special Concern by the SARA (Government of Canada 2018) 

because of naturally occurring low numbers, habitat fragmentation, climate change and human impacts. 

Wolverines are listed as Secure by the GN (Canadian Endangered Species Conservation Council 2022), 

and Not at Risk by the NT government (Government of Northwest Territories 2024a). Field studies since 

2003 suggest wolverines are more abundant in parts of the NT and NU than previously thought, and the 

species appears to be expanding its range eastward and northward (COSEWIC 2014; Thorpe Consulting 

Services Ltd. 2014a).  

A total of 29 wolverines were identified in the High Lake DNA survey in 2008; males comprised 55% of 

the individuals identified (see Table 5.5). Most wolverines were captured in the southern and eastern 

portions of the High Lake study area, with almost no captures in the northern portions (see Figure 5.11). 

Regionally, the Izok area DNA study in 2012 resulted in genotypes assigned to 23 animals, and males 

comprised 70% of the individuals identified (see Table 5.5). None of the 29 wolverines identified in the 

High Lake study in 2008 were detected at Izok in 2012. 

Table 5.5 Number of Wolverines Captured, Number and Density of Wolverines on the 
Sampling Grids, and Capture Probability, from High Lake in 2008 and Izok in 2012¹ 

Study Area Sex Captured Average N (CI)² 
Density 

(/1,000 km² [SE])³ 
Capture 

Probability4 

RSA (High 
Lake area) 

Males 16 10.0 (6.8–14.8) 3.3 (0.67) 0.61 

Females 13 10.5 (6.7–16.5) 3.5 (0.81) 0.88 

Pooled 29 20.5 (13.5–31.2) 6.9 (1.05)  

Regional5 Males 16 10.0 (6.8–14.8) 3.3 (0.67) 0.59 

Females 7 4.4 (2.5–7.7) 1.5 (0.43) 0.87 

Pooled 23 14.4 (9.3–22.5) 4.8 (0.79)  

Notes: 

¹  Estimated number of wolverines (N), density, and capture probabilities from (Boulanger 2013b). 

²  Average numbers of wolverines (N) on the sampling grid calculated using spatially explicit mark-recapture methods 
which considered closure (edge effect) and study duration.  

³  Density (wolverines per 1,000 km²) calculated using spatially explicit mark-recapture methods.  
4  Capture probability is the probability of capturing each identified wolverine in either capture session. Higher values 

provide more precise abundance or density estimates.  
5  The term ‘regional’ is used to describe areas outside the RSA but are nearby. This regional data comes from 

studies completed in the Izok Lake area. 
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Numbers of individuals captured on each study grid do not account for study area closure (edge effect) or 

study duration. Modelled density is the best metric to track populations over time and among areas, as 

density accounts for differences in study area size, closure violation, and study duration (Boulanger and 

Mulders 2008; Boulanger 2013a). 

Wolverine ecology is closely linked with the ecology of caribou and wolves in the barrens. Wolverine 

densities on the barrens may be higher than first thought where large caribou herds exist and wolf 

predation on caribou is common (COSEWIC 2014). Densities of males were virtually equal between 

High Lake and Izok, but densities of females were over twice as great at High Lake (see Table 5.5)Error! 

Reference source not found.. The High Lake area is more rugged than the Izok area, with generally 

greater numbers of ungulates present during winter and spring. The comparatively lower density of 

wolverine females in the Izok area may be related to reduced food supply or available denning habitat. 

Pooled densities at High Lake and Izok were comparable with densities observed at Daring Lake, NT and 

the two diamond mines in the Lac de Gras area of the NT (3.9–11.4 wolverines/1,000 km²) during four 

capture sessions between 2005 and 2011 (Boulanger and Mulders 2013). 

The 5 x 5 km cell design and proportionately larger study areas used at High Lake and Izok provided 

decreased closure violation and high capture probabilities, resulting in an efficient design for monitoring 

(Boulanger 2013b). Meta-analysis of multiple datasets (e.g., two or more years of survey) would increase 

the precisions of the estimates (Boulanger and Mulders 2008, 2013). 

A wolverine DNA mark-recapture study was completed in 2018-2019 near Napaktulik Lake to establish 

baseline population abundance and density estimates for long-term regional monitoring (Awan et al. 

2020). Twenty-two individual wolverines (11F:11M) were detected in 2018 and 27 wolverines (13F:14M) 

detected in 2019. Ten wolverines (6F:4M) identified in 2018 were also identified in 2019. Wolverine 

density in 2018 was estimated as 3.10 wolverines/1,000 km2 (95% CI: 2.00-4.78), and 4.14 

wolverines/1,000 km2 (95% CI: 2.78-6.18) in 2019, with no significant difference between years. The 

median observed range of movement of detected males was similar between years (i.e., 24 km in 2018 

and 22 km in 2019), but was noticeably different for detected females (i.e., 23 km in 2018 and 10 km in 

2019). These results suggest that the population of wolverines surrounding the study area varies spatially 

and temporally. Wolverines in the Kitikmeot region exist at low densities and are being exposed to 

increasing levels of human activity through mining and subsistence harvest. 

5.4.2 Harvest and Mortality 

Wolverines are harvested throughout the North and are used for domestic consumption for their frost-

resistant fur for parka trim, and for sale to auction houses. Inuit in the west Kitikmeot region keenly hunt 

wolverines wherever and whenever possible, resulting in moderate to high harvest near communities and 

along travel routes.  

Carcass collections completed over four years in the Kitikmeot region in the late 1990s indicated most 

wolverines (78%) were shot, and the remainder were trapped, with a 1.9:1 ratio of males to females in the 

harvest (~66%; n = 473 wolverines; Mulders 2000). Juveniles and yearlings comprised a relatively high 

proportion of the harvest (34% and 35%, respectively). Carcass analysis suggests increases in both the 

proportion of females in the harvest and average female age as the number of wolverine harvested 

increases (Wildlife Research Section 2007). Low reproductive and potential growth rates suggest a low 
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intrinsic rate of increase and limited resistance to overharvest, leading to the suggestion of a need for 

untrapped refugia to support harvests in adjacent areas (Mulders 2000, Krebs et al. 2004). The GN-DOE 

Wildlife Research Section (2007) considers wolverines in the mainland west Kitikmeot region to be 

abundant as part of a core area (W/01) and in 2007 recommended a TAH of 160 wolverines for the West 

Kitikmeot portion of the core area (W/01-KT). However, the NWMB has not implemented a TAH for 

wolverine. Currently, there is no quantitative limit on wolverine harvest by Inuit and there is no 

requirement for hunters to report their harvest (Awan 2025). 

Wolverine carcass collections from Kugluktuk and the Bathurst Inlet area were completed to various 

degrees since the mid-1980s, with increased effort since 1995. These collections have shown far higher 

harvests than recorded in the fur auction system. On average about 120 wolverines were harvested per 

year in the west Kitikmeot in the second half of the 1990s (Mulders 2000). Based on harvest data 

obtained from GN and covering 1999 to 2015 (n = 1,293), most wolverines were harvested in areas 

southwest, south, and southeast of Kugluktuk, and to a lesser extent along the coast of Coronation Gulf 

and in the immediate vicinity of Bathurst Inlet, with limited harvest in the upland areas west of Bathurst 

Inlet, including the majority of the Project area (see Figure 5.12 and Figure 5.13; Mulders 2000; M. Awan, 

GN, unpublished data, December 2016). Annual harvests from 1999 to 2006 have declined from an 

average of 104 annually (range = 84–129), to an average of 51 annually (range = 40–77) from 2007 to 

2015, though it is unclear whether this reflects reduced harvest effort or population size, or reduced 

collection or monitoring effort. Of the total harvest from 1999–2015 (n = 1,293), 67% were males, 

33% were females, and less than 1% were unknown. During 2019–2024, the annual total reported 

wolverine harvest in NU was approximately 115 individuals (Awan 2025).  

Overall, in NU, between 2014 and 2018 hunters submitted skulls and information about wolverine kill from 

a total of 310 harvested individuals (Awan 2020). Most of the harvest was done in the Kitikmeot region, 

near Kugluktuk, while Arviat and Baker Lake were the next highest contributors to the total harvest 

(Awan 2020). Most of the wolverines harvested were males, with approximately two times as many males 

harvested than females; and 59% of the harvested individuals were juveniles and yearlings while the 

other 41% were adults (Awan 2020). Eighty percent of these wolverines were hunted with a rifle, while 

20% were trapped (Awan 2020). Inuit observations and recent harvest reports suggest that wolverine 

numbers in NU are either stable or slightly increasing, and the species may be expanding its range 

eastward and northward (COSEWIC 2014). 

Between 2019 and 2024 hunters submitted skulls and kill information from 691 wolverines, with most 

coming from the Kitikmeot region (Awan 2025). Most of the wolverines harvested were males, with 

approximately two times as many males harvested than females; and 63% of the harvested individuals 

were juveniles and yearlings while the other 37% were adults (Awan 2025). Eighty-four percent of the 

wolverines were hunted with rifles and 16% were trapped.  
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Figure 5.12 Total numbers of wolverines harvested in the Kitikmeot region by year and by each 
community between 1990-2024 (derived from Leclerc 2025b). 
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Records of harvested wolverines from 1990 to 2024 in the Kitikmeot region showed a total of 2,354 

individuals harvested by hunters from 7 different communities (Leclerc 2025d). Most of these wolverines 

were harvested by hunters from Kugluktuk (1,987; 84%). With the next highest harvest numbers coming 

from Omingmaktok (166; 7%), Cambridge Bay (89; 4%) and Bathurst Inlet (61; 3%), Kugaaruk (26; 1%), 

Taloyoak (16; <1%), and Gjoa Haven (9; <1%) (see Figure 5.12). Most of the wolverines harvested were 

male (1,526; 65%), 786 (33%) were females and 22 (1%) individuals had sex as unknown 

(Leclerc 2025d). Eighty-two percent of the total harvested wolverines were hunted with a rifle, while 17% 

were trapped and the remaining 1% used other capturing methods (Leclerc 2025d). 

Wolverine harvest within a 100 km radius of the proposed Project development has been primarily 

restricted to areas along or near the coast, and to a lesser extent in the southern portion of the Project 

area west of Contwoyto Lake (see Figure 5.13). Since 2008, only eight wolverine were recorded as 

harvested in the northern RSA (mainly along the coast), and only one in the southern RSA (Contwoyto 

Lake area). Human travel through the upland areas near High Lake may be difficult because of rocky 

terrain (M. Dumond, GN, pers. comm.), thus large parts of the Project area (except for adjacent to the 

coast and Contwoyto Lake) may partially function as a wolverine refugia from trapping and hunting. 

Few data exist from the Arctic tundra to examine wolverine survival rates. Pooled studies from tundra 

study areas in the central NT, Alaska, and Yukon did not produce robust survival estimates because of 

low sample sizes and relatively few studies completed in the region (Krebs et al. 2004). Pooling data 

across tundra, boreal, and montane ecological zones found survival rates in untrapped/unhunted areas of 

0.88 (0.127 standard deviation [SD]) for adult females and 0.87 (0.186 SD) for adult males. Within 

trapped/hunted areas survival rates dropped to 0.73 (0.149 SD) for adult females and 0.74 (0.122 SD) for 

adult males (Krebs et al. 2004). Rates determined for subadult males and females were less robust, but 

generally lower. 

Eleven wolverine were intentionally killed at diamond mines in NT and NU during construction and 

operation since 1996 (cited in De Beers Canada Inc. 2013), usually following an extended period of 

habituation to the site and multiple deterrent attempts. All of these removals occurred with the permission 

of territorial wildlife authorities. At the Ekati Diamond Mine in NT, from 1997–2024 only one wolverine was 

killed from vehicle collision in 2024, while 10 died from non-vehicle-related causes during the same time 

period but none since 2005 (ERM Consultants Canada Ltd. 2025). A single wolverine was also 

accidentally hit and killed by a vehicle on the Tibbitt Contwoyto winter road in 1996 (Banci, pers. comm. 

In EBA Engineering Consultants Ltd. 2001).  

Between 1998 and 2011, 27 wolverines were reported as either being killed or relocated from the 

Lac de Gras region in connection with mine-related activities (Mulders, unpublished data 2013 in 

Species at Risk Committee 2014). The frequency of wolverine incidents at mine sites has declined since 

the mid-2000s with enhanced waste management and mitigation (e.g., skirting of buildings). 
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5.4.3 Movements and Distribution 

Several genetics studies have determined that northern wolverine populations exhibit a lack of population 

substructure based on microsatellite (nuclear) analysis (meaning they form one large breeding 

population; Wilson et al. 2000; Kyle and Strobeck 2001; Chappell et al. 2004), but mitochondrial data 

indicate broad genetic structuring due to female philopatry (the tendency to remain near their birthplace; 

Chappell et al. 2004). Within the broader Grays Bay Road and Port Project area, it is likely that wolverine 

populations are continuous and broadly overlapping. 

Based on sample size, adult home ranges in the central barrens were 125 km² for females and 400 km² 

for males, while movements of yearlings resulted in ranges much larger in size (Mulders 2000). 

Mean home range size for adult wolverines in other areas of North America and Scandinavia are up to 

three times larger (Species at Risk Committee 2014). 

Thirty wolverine sightings have been documented by Project personnel from 2003–2013, including three 

groups of three individuals (see Figure 5.14). Most observations were clustered in the northern portion of 

the Project area, likely because of a combination of greater observer presence and better wolverine 

habitat compared with elsewhere.  

Inuit Knowledge sources identify an abundance of wolverine in the Grays Bay area: 

C4Kug JA-01 “I went to Grays Bay because there are wolverine, foxes, coloured foxes and tuktu. 

That’s where Oniak’s cabin is, on the river Kogloktoakyok. There are moose too. The caribou 

always stayed there, all around” (NTKP 2018). 

C562 CB-03 “Grays Bay is good hunting all over the area and sometimes caribou in the winter. 

It’s a good hunting and trapping area. Fish and wolverine up towards High Lake area; charr and 

lake trout along Otkohikhalik (Wentzel River), good fishing. Caribou are hunted around Grays 

Bay. Grays Bay is also good for seals” (NTKP 2018). 

C31 “I didn’t trap at Kogloktoakyok long ago (Grays Bay) but I used to get kalvik from there” 

(NTKP 2018). 

C43 “Lots of wolverine along Eglohokyok (Hepburn Island) on the northeast shore, then north on 

ocean (#24, also fox. Also I saw wolverine on ice just west of Eglohokyok when there was water 

on the ice (spring)” (Banci and Spicker 2024).  

C43 “He mapped an area with wolverine hunting inland west of Tahikyoak (large lake on Wentzel 

River). He noted that kalvik were hunted out when skidoos came but they were coming back 

because no-one hunts there now” (NTKP 2018).  
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Wolverine use sea ice for travel. Three wolverines were observed on sea ice in the northern portion of the 

Project area during marine mammal surveys in mid-June 2004, including two individual animals 15 km 

north of Hepburn Island. In mid-July 2008, a wolverine was observed during seabird nest surveys on the 

ice near the westernmost of the Jameson Islands, 10 km off the mainland. Wolverine was also detected 

during other studies on the mainland. Track counts along the proposed road route in March and 

April 2012 detected wolverine tracks between 10 km south of Ulu and Grays Bay (n = 16 sets of tracks), 

and none along the rest of the road alignment. 

Within the 3,000 km² High Lake and Izok DNA study areas, movements of individual wolverines ranged 

from single captures, to up to 130 km (High Lake) and 127 km (Izok) among posts, and a maximum of 

30 km (High Lake) and 48 km (Izok) linking the outer extent of captures. The two longest distances 

moved among posts within each study area were by males. 

5.4.4 Habitat Use and Diet 

Adequate, year-round food supply and den site availability best describe habitat used by wolverines, 

rather than any particular habitat association (COSEWIC 2014). Habitat ratings were generated for 

wolverine based on research completed in a relatively small study area in the central barrens. These 

ratings suggest that over half of the area evaluated is composed of low- and nil-quality habitats 

(see Figure 5.15). High-quality habitat generally occurs in sedge and tussock habitats, and was generally 

concentrated in a band from Grays Bay to Ulu, and scattered throughout much of the southern portion of 

the area evaluated.  

Approximately 21% (6,206 km²) of the evaluated area was considered high-quality wolverine habitat, 11% 

(3,144 km²) medium-quality habitat, 41% (11,760 km²) low-quality habitat, and 14% (4,139 km²) nil-quality 

habitat. 

Den sites may have more specific habitat requirements (Species at Risk Committee 2014). Most natal 

den sites were associated with deep snow cover that persisted into spring, providing protection from 

predators and cold temperatures (Magoun and Copeland 1998). Denning habitat on the tundra may 

require rocky outcrops and extensive snowdrifts, which likely are not limited (Lee and Niptanatiak 1996; 

Wolfden Resources Inc. 2006). Repeated use of den sites has been observed (Lee and Niptanatiak 

1996). The greater proportion of females in the High Lake area compared with the Izok area suggests 

that the former may be better natal habitat. 

Wolverines are opportunistic predators that both actively hunt prey as well as scavenge (van Dijk et al. 

2008), making them relatively versatile in their diet (Banci 1987; Mulders 2000; Lofroth et al. 2007; 

Species at Risk Committee 2014). Although wolverines obtain much of their diet from scavenging, 

they are proficient and tireless predators (NTKP 2018). 

“Wolverine is another predator but it mainly feed of wolves and bear kills. Wolverine can also kill 

caribou. They chase them for a long time” (citation in Dumond 2007a) 

“We tracked a wolverine that chased caribou for over 50 miles” (S.K.; A.N. in Dumond 2007a) 

  





Grays Bay Road and Port Project  
Terrestrial Wildlife Baseline Report 

Section 5: Carnivores  
March 2026 

193 

Although caribou (62%) and muskox (11%) formed the bulk of the wolverine’s diet in the Kitikmeot region, 

a variety of other species are also eaten including Arctic ground squirrels, voles and lemmings, 

ptarmigan, and seal (Leporidae) (Mulders 2000). Grizzly bears and wolves generate carrion, which is an 

important food source for wolverines during winter (Species at Risk Committee 2014). 

C565 “Wolverine like rough ground that is very rocky with holes, so there are a lot of wolverine in 

that area. There is also shallow water in that area for them to catch fish and berries and grass for 

them to eat. They like rough areas like the grizzly.” (Banci and Spicker 2024). 

5.5 Foxes 

Two fox species are present within NU: Arctic or white fox and red fox (Wildlife Research Section 2007). 

In the central Arctic, red foxes occur primarily as red and cross colour phases, but also as silver or black 

variations. Red foxes are about twice the size of Arctic foxes, and in areas where they overlap, the red fox 

is believed to be the more aggressive of the two, possibly displacing Arctic foxes as they expand 

northward (Macpherson 1969; Cypher 2003). Arctic foxes are primarily white in winter but also occur in a 

“blue” colour phase. Foxes are highly valued for their fur. During the first half of the 20th century, traders 

became established in the Arctic, and the distribution of foxes began to greatly influence the movements 

and hunting patterns of Inuit people (Freeman 1976). 

“With increasing knowledge of the Copper Inuit, traders ultimately arrived in the region of the 

Coronation Gulf, and their influence began to substantially change the people’s hunting patterns 

after 1916” (NTKP 2018). 

“In Period II [1916-1955], after the traders had become well established, these peoples’ hunting 

patterns and seasonal movements were often strongly influenced by the real (or presumed) 

distribution and numbers of foxes, a species that had been of very little importance to them up to 

that time” (NTKP 2018). 

“The Contwoyto Lake area increased considerably in importance after the arrival of traders, for it 

had very good fox trapping grounds and excellent hunting” (NTKP 2018). 

Arctic foxes and red foxes in Arctic environments fluctuate widely in number, following the three to five 

year cycle in vole and lemming populations—their primary food source (Macpherson 1969; Garrott and 

Eberhardt 1987; Voigt 1987; Angerbjörn et al. 2008). Densities of red foxes are believed to be around 

10/100 km² in the Arctic (Voigt 1987), while Arctic fox densities are highly variable (Angerbjörn et al. 

2008). During Project surveys from 2004 to 2013, 47 fox observations were recorded; approximately 10% 

of these were Arctic fox, the remainder were red fox. Neither species is actively managed, with an overall 

lack of research and information available for all populations in the region (Wildlife Research Section 

2007). 

Within the Kitikmeot region, both fox species are important for trapping. Areas around Contwoyto, Itchen, 

and Napaktulik lakes were intensively trapped throughout the last century (Freeman 1976). Both species 

are trapped for their pelts (NTKP 2018), with Bathurst Inlet residents harvesting somewhat higher 

average numbers of red (coloured) foxes than Arctic foxes (24 and 18, respectively) and residents of 

other west Kitikmeot communities taking more Arctic fox (Priest and Usher 2004). Due to their high 
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reproductive capacity, it is believed Arctic fox populations can be maintained under relatively high levels 

of harvest (Angerbjörn et al. 2008). 

Arctic fox occurs throughout the Arctic regions of North America and Eurasia, while red fox have a wider 

distribution throughout the northern hemisphere. Red fox are thought to have expanded their distribution 

northward into the tundra over the past half-century (Voigt 1987; Cypher 2003). Arctic foxes have 

relatively small summer ranges; however, they may travel up to 90 km/day (Tarroux et al. 2010). In 2012, 

fox use (e.g., scat and dens) was detected during borrow pit surveys throughout the RSA. 

Red foxes and Arctic foxes hunt rodents and their numbers cycle with the populations of voles and 

lemmings. Foxes also feed on ground squirrels, Arctic hares, birds, bird eggs and young, berries, and 

scavenge ungulate meat from kills made by larger predators (Macpherson 1969; Cypher 2003; 

NTKP 2018). Foxes may follow caribou herds, feeding on the remains of caribou killed by wolves. 

On the tundra, fox dens are commonly found on eskers and other accumulations of glacio-fluvial 

materials, with few to numerous entrances. In the Central Arctic, sandy eskers are the most common 

terrain feature used by denning foxes (Mueller 1995). Dens are often used for years by returning animals 

(Macpherson 1969; Voigt 1987; Cypher 2003). Inuit Knowledge indicates that foxes like denning on little 

hills, in soft ground along banks of rivers, and where there are flat areas (Wolfden Resources Inc. 2006). 

Fox dens were located during both denning surveys and other field surveys from 2005 to 2012 (see 

Table 5.6) and were distributed throughout the RSA (see Figure 5.16Figure 5.16). Known dens were 

revisited in subsequent years to update their activity status. 

Table 5.6 Active and Inactive Fox Dens Within the RSA from 2005 to 2012¹ 

Year Number of Active Dens Number of Inactive Dens 

2005 1 1 

2006 0 0 

2007 3 7 

2008 0 0 

2012 11 20 

Note: 

¹ Numbers reflect both newly located dens and previously located dens that were revisited. 
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6 Small Mammals 

Several small mammals are expected to occur within the study area, including lemmings, voles, ground 

squirrels, and shrews. These small herbivores influence the trophic dynamics of the Arctic ecosystem. 

Lemmings and voles, in particular, undergo synchronous population fluctuations (Krebs et al. 2002) and 

form the basis for much of the terrestrial trophic dynamics in the Canadian Arctic (Krebs et al. 2003). 

Such population cycles may peak every three to four years, and may be influenced by weather patterns 

(Leslie 1959), predation (Myrbeget 1973; Ydenberg 1987), and/or dispersal events of juveniles. 

Carnivores such as weasels, foxes, wolves, wolverines, grizzly bears, and raptors depend on small 

mammals as prey species throughout the year. Inuit who trap benefit directly from the "run" of Arctic foxes 

that follows each lemming peak. Local Inuit consumed some small mammals (notably Arctic ground 

squirrel and Arctic hare; Priest and Usher 2004). 

C35 “Lots of rabbits at Grays Bay. Watch out for rabbit dens, mostly on islands. (She mapped an 

area with lots of rabbits on the mainland west of Grays Bay)” (NTKP 2018).  

“The islands nearby were known to be good places to hunt Arctic hares” [Period II (1920-1955) in 

the Bathurst Inlet – Old Area] (NTKP 2018). 

Baseline studies have not focused on small mammals; however, small mammal trapping studies were 

completed in 2004 and 2006 during the High Lake project submission provided information for the 

northern RSA. Small mammal live-trapping surveys were completed during the summer of 2004 to 

document presence and relative abundance of small mammals among representative habitat types 

between the High Lake and Ulu areas. Additionally, small mammals were collected from six locations in 

July 2006 for baseline contaminants measures. Capture sites were near the proposed Grays Bay port 

site, at High Lake, and at reference sites between High Lake and Grays Bay. 

Results from the 2004 live-trapping and 2006 baseline contaminants studies confirm the presence of 

northern red-backed vole, meadow vole, and masked shrew. Lemmings were not detected. Arctic hare 

and Arctic ground squirrels were commonly observed within the vicinity of the Project and their remains 

were regularly seen near or within old fox and wolf den sites, and raptor nest sites. During borrow pit 

surveys completed in 2012, signs and sightings of Arctic ground squirrel were frequent on eskers and 

glacio-fluvial deposits, often near or within old fox dens. 

Lemming species that may be present in the study area include the collared lemming and brown 

lemming. Both species have multiple litters each year and are found in rocky, dry areas of the tundra 

where they feed on shoots of grasses and shrubs. Voles are commonly found in moist tundra habitats. In 

addition to northern red-backed vole and meadow vole, the tundra vole may inhabit the Project area. 

Meadow voles are the most common voles in boreal regions of Canada and were unexpectedly found in 

the High Lake area. Only the barren ground shrew is widely known to occur north of treeline; however, 

the Arctic shrew is also known to inhabit some tundra regions in the central Canadian Arctic. Other 

shrews, including the masked shrew and tundra shrew, are more commonly found below treeline, but 

may also occur in the Project area. Most shrews are found in low, wet, sedge-grass meadows and 

thickets of dwarf willow and birch. 
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The Arctic ground squirrel is found throughout the mainland Arctic. They hibernate in burrows dug in 

sandy ground, commencing dormancy in September or early October. Arctic ground squirrels were 

observed throughout the Project area. Raptors (particularly golden eagle [kopanuakpak; 

Aquila chrysaetos] and gyrfalcon [kiligavikpak; Falco rusticolus]) prey on Arctic ground squirrels, as the 

squirrels emerge from hibernation in April or early May and as juveniles emerge in early summer 

(Poole and Bromley 1988). Arctic hare, while not usually considered among small mammals, are 

ubiquitous throughout the RSA. Arctic hare are an especially important prey item for foxes, wolves, 

golden eagles, and gyrfalcons. 
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7 Eskers 

Eskers are prominent terrestrial features and provide important wildlife habitat for many reasons. Barren-

ground caribou use eskers for travel and relief from insects, and for feeding on south-facing slopes in the 

spring before green-up occurs in other areas (Banci and Spicker 2024). Grizzly bears, wolves, and foxes 

use eskers and other glacio-fluvial deposits for den sites, often located on well-drained sites with 

surrounding root mats helping to form a cohesive substrate (Heard and Williams 1992; Mueller 1995; 

Cluff et al. 2002; McLoughlin et al. 2002c; McLoughlin et al. 2004). Inuit have long recognized eskers as 

key habitat for multiple plant and wildlife species, noting the particular importance of south-facing slopes 

(De Beers Canada Inc. 2013, Thorpe Consulting Services Ltd. 2014a), and their value as a vantage point 

for hunting. Habitats with an abundance of ice-rich permafrost are generally unsuitable for den 

construction. Ground squirrels, an important prey for many carnivorous mammals and birds, establish 

their burrows in eskers. 

The WKRLUP (Nunavut Planning Commission 2004) has mapped eskers throughout the region. Although 

eskers are found throughout the Project area, most eskers are located north of Contwoyto Lake and just 

outside of the RSA, near the James and Hood rivers and the Izok area. Den sites of wolves, foxes, and to 

a lesser extent, grizzly bears occur in esker formations and other glacio-fluvial deposits within the RSA 

(see above relevant species sections for further details). 

C31 “Different kinds of animals like muskox and caribou are usually at eskers (in spring and 

winter). They can be seen on the eskers because it's easier for them to graze where there is less 

snow” (Banci and Spicker 2024). 

C51 “It’s a lot cooler than the soil or moss so some of them lie there for most of the day when the 

days are long and hot, on the lee side of the eskers near the bottom. Most of these eskers have 

permafrost under them so they are a lot cooler than straight moss or soil. The ground is a lot 

cooler at the bottom of these eskers and the water is a lot colder too. At the bottom of these 

eskers are ponds formed from the esker springs” (Banci and Spicker 2024). 

C51 “Long ago the people walked using those eskers. The grizzly bears, foxes and wolves use 

those sites for their dens” (NTKP 2018). 

C22 “The eskers are the only areas we used to use for trapping, because they have wolf dens. 

In the spring, the wolves have dens. Long ago when the wolves had a bounty in the spring. 

We would look for wolf dens in the eskers when there was still snow, while we were traveling. 

The young wolves had a bounty on them. I don't know for how many years the wolves had a 

bounty on their heads. We shot even the really ugly ones in the spring. Those were the only 

areas where Inuit hunted wolves in the spring, at the eskers. The wolves denned at these sites… 

at Kingalhoak (Nose Lake)” (NTKP 2018). 

C51 “These are the areas at the eskers where we collected heather plants for the winter. Once in 

a while for some reason the old folks burn heather for a couple of hours or so to get a change of 

smell in their tent. They did that in their igloo too” (NTKP 2018). 
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C18 “Inuit Used the area below the eskers for campsites so that they could use the high points of 

the eskers for lookouts” (Banci and Spicker 2024). 

C203 “ The caribou go along the tops of the eskers because it’s just like a road, it's exactly like a 

road and it's really nice on top cause you get a breeze. So it keeps the flies down a bit more” 

(Banci and Spicker 2024). 

C25“…The caribou and muskox use the eskers sometimes. The caribou sometimes travel using 

the eskers…The wolves and fixes den at these eskers so the caribou make a wide circle around 

these dens…” (NTKP 2018). 
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A.1 Methods 

A.1.1 Overview 

A resource selection function (RSF) is a statistical tool that helps describe the environmental variables 

selected and avoided by animals (Manly et al. 2002). These functions compare use data (e.g., global 

positioning system [GPS] fixes of a known location) against availability data (i.e., randomly sampled 

locations). If a population uses a resource more than it is available, that resource is selected. In contrast, 

if a resource is used less than it is available, that resource is avoided. The RSF predicts the relative 

probability of selecting a given resource type (Lele et al. 2013). Furthermore, the RSF can be used to 

make spatial predictions of resource selection in a heterogeneous landscape composed of multiple 

resource types. 

RSFs were developed using GPS collar data for the following caribou herds and seasons: 

Bathurst Caribou (2009 to 2024) 

1. Calving/Post-calving (June 2 to June 28) 

2. Summer (June 29 to September 6) 

3. Fall (September 7 to November 30) 

Dolphin and Union Caribou (2015 to 2023) 

1. Pre-Spring Migration Staging and Post-Fall Migration (April 15 to May 28, November 9 to 30) 

Notes: The objective in assessing these combined seasons was to describe habitat selection when 

space use is concentrated along the mainland ocean shoreline. Spring migration typically occurs from 

April 15 to May 28, but most caribou began staging near the mainland shoreline around April 25 

according to GPS collars with 50 percent (%) seasonal coverage. Fall migration onto mainland 

Nunavut typically occurs from November 9 to 30, but most do not reach mainland Nunavut until 

approximately November 23 according to GPS-collared Dolphin and Union caribou with 50% 

seasonal coverage. 

2. Winter (December 1 to April 14) 

The seasonal date ranges used for RSFs were retrieved from the Bathurst Caribou Range Plan 

(Government of Northwest Territories 2019) and the Species Status Report for Dolphin and Union 

Caribou (Species at Risk Committee 2023b). Seasonal RSFs were developed within 95% utilization 

distribution (UD) seasonal ranges developed for each herd (see Caribou Collar Data and Seasonal 

Ranges in Section 4.1.2). 
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A.1.2 Study Design 

Resource selection occurs at multiple spatial scales (Johnson 1980). The scale of analysis used depends 

on the study's objective and the type of data available. Collar data can provide a robust assessment of 

the seasonal ranges of individual animals, which is best characterized as 2nd order selection. In this study, 

an analysis of 2nd order selection is proposed to adequately sample the seasonal ranges of Bathurst 

caribou and Dolphin and Union caribou while still accounting for individual-level heterogeneity in resource 

selection. Second (2nd) order RSFs were developed to compare the distribution of habitat components 

within used versus available (random) locations in each herd’s seasonal ranges, and for each caribou in 

each year (i.e., caribou-year combination). Caribou-years were chosen as the individual-level unit for 

resource selection because individuals may experience different seasonal conditions over time. 

A used-available study design was necessary because GPS telemetry data consist only of ‘presences’, 

and true ‘absences’ are not directly observed. In such cases, random locations must be sampled to 

identify ‘pseudo-absences’ or available locations (Pearce and Boyce 2006). To minimize biased 

estimates, 20-times as many available locations were generated for every used location. A minimum 

spacing of 30 metres (m) between available locations was implemented to minimize sampling the same 

pixel multiple times. Used and available locations were then overlaid on spatial environmental layers, and 

environmental values were extracted to associate each used and available sample location with each 

habitat component. 

A.1.3 GPS Collar Data 

Bathurst caribou collar data (1996 to 2024) were provided by the Government of Northwest Territories 

and Dolphin and Union caribou collar data (1999 to 2024) were provided by the Government of Nunavut. 

Several data cleaning and preparation procedures were completed on the acquired collar data. First, the 

analysis was restricted to years of data composed mostly of GPS collars: 2009 to 2024 for the Bathurst 

caribou herd and 2015 to 2023 for the Dolphin and Union caribou herd. Second, all erroneous and 

duplicate locations were removed from the datasets. Finally, to reduce bias from dropped or 

malfunctioning collars, or occasional users of a seasonal range, any collared caribou that primarily 

occurred outside of seasonal range boundaries or had incomplete temporal coverage during a season 

were removed from the analysis. Thus, for a caribou to be retained for analysis, its GPS locations in a 

given season and year needed to cover at least 50% of that seasonal period within the 95% UD seasonal 

range (see Caribou Collar Data and Seasonal Ranges in Section 4.1.2). The collar data used to develop 

RSFs are summarized in Table A.1 for Bathurst caribou and Table A.2 for Dolphin and Union caribou. 
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Table A.1 Bathurst Caribou GPS Collars and Locations Used to Develop Seasonal Resource 
Selection Functions 

Year 

Number of GPS Collars per Year 

Calving/ Post-calving Summer Fall 

2009 11 11 8 

2010 19 14 8 

2011 18 5 7 

2012 19 9 10 

2013 12 11 5 

2014 18 15 13 

2015 32 28 25 

2016 27 24 23 

2017 30 28 23 

2018 16 17 16 

2019 22 23 22 

2020 39 38 37 

2021 35 34 27 

2022 38 37 33 

2023 29 28 26 

2024 18 – – 

Total Number of  
Caribou in All Years 

196 172 156 

Total Number of 
GPS Locations 

25,212 20,633 22,000 

Number of GPS Locations 
per Animal per Year 

11–84 36–70 43–87 
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Table A.2 Dolphin and Union Caribou GPS Collars and Locations Used to Develop Seasonal 
Resource Selection Functions 

Year 

Number of GPS Collars per Year 

Pre-Spring and Post-Fall 
Migration Staging Winter 

2015 4 5 

2016 – 3 

2017 1 – 

2018 25 25 

2019 14 12 

2020 4 – 

2021 22 26 

2022 20 23 

2023 1 17 

Total Number of  
Caribou in All Years 

61 62 

Total Number of 
GPS Locations 

1,134 14,063 

Number of GPS Locations 
per Animal per Year 

5–39 80–145 

 

A.1.4 Environmental Variables 

Environmental variables were chosen based on knowledge of Bathurst and Dolphin-Union caribou 

ecology and was limited by the availability of data for this region. Final habitat data included remote-

sensed layers such as landcover classification (Land Cover of Canada; Natural Resources Canada 

2019), heat load index, elevation, terrain ruggedness, and Normalized Difference Vegetation Index 

(NDVI). All environmental variables were acquired and developed as raster layers with a 30 m cell size.  

Caribou consumption of vascular plants (e.g., deciduous shrubs) is greatest during spring, summer, and 

fall, whereas terrestrial lichens are the primary winter forage (Webber et al. 2022, Ehlers et al. 2024). 

Graminoids (i.e., grasses) are commonly consumed by caribou year-round, including when senescent 

during winter (Webber et al. 2022). Given the importance of forage and vegetation cover in caribou 

habitat selection, both landcover and NDVI layers were used in RSFs. Landcover variables were treated 

as continuous rather than discrete (categorical) variables by calculating the percentage of each landcover 

class within a certain radius of every raster cell on the landscape. Key land cover variables included 

percent barren-lichen-moss, grass-lichen-moss, and shrub-lichen-moss. The use of NDVI was meant to 

refine predictions of habitat selection that would otherwise be missed by the coarse-resolution landcover 

layers (e.g., differences in vegetation growth between the same landcover types). 
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Furthermore, given the diversity of topography in the caribou seasonal ranges, and the understanding of 

how certain landscape features can influence caribou behaviour (i.e. windswept ridges for insect 

avoidance), topographical-based layers (elevation, terrain ruggedness, slope) were also developed to 

inform habitat selection. The Canadian digital elevation model (Natural Resources Canada 2017) at a 

1:250,000 scale was used to develop measures of absolute elevation (metres), slope, and a terrain 

ruggedness index (TRI; Sappington et al. 2007). Heat load index was assessed as a potential variable to 

explain the seeking of thermal refugia on the landscape during summer (Bathurst caribou); it was 

calculated using R package ‘spatialEco’ (Evans and Murphy 2023), following the methods of McCune and 

Keon (2002). 

Human disturbance features, including roads, mining infrastructure, and camps in the region are mostly 

limited to several features located in the Bathurst winter range (NT). Given the limited geographical extent 

of these features, data related to human disturbances (e.g., distance to polygonal disturbance or linear 

features) were excluded from seasonal RSFs. 

In summary, the following environmental variables were fit to seasonal RSFs for each caribou herd: 

Bathurst Caribou 

1. Calving/Post-calving: elevation, terrain ruggedness, percent grass-lichen-moss land cover, percent 

barren-lichen-moss land cover, and NDVI. 

2. Summer: elevation, terrain ruggedness, percent grass-lichen-moss land cover, percent shrub-lichen-

moss land cover, and NDVI. 

3. Fall: elevation, terrain ruggedness, percent grass-lichen-moss land cover, percent shrub-lichen-moss 

land cover, and NDVI. 

Dolphin and Union Caribou 

1. Pre-Spring and Post-Fall Migration Staging: elevation, terrain ruggedness, percent shrub-lichen-moss 

land cover, and percent barren-lichen-moss land cover. Note: NDVI was excluded from this model 

due to its varied values in spring versus fall, resulting in uninformative mean NDVI values and no 

selection. 

2. Winter: elevation, terrain ruggedness, percent grass-lichen-moss land cover, and NDVI. 

A.1.5 Resource Selection Functions 

RSFs were developed using the R package ‘glmmTMB’ (Brooks et al. 2017) to fit generalized linear mixed 

models (logistic regressions) of the following form: 

logit(𝑃௦) = 𝛽଴ + 𝜇௜,଴ + ൫𝛽ଵ + 𝜇௜,ଵ൯𝑥ଵ … ൫𝛽௞ + 𝜇௜,௞൯𝑥௞ 

where the probability of selection (𝑃௦) is dependent on the linear predictor (right-hand side) through a logit-

link function, 𝑥௞ represents the k-th environmental variable, 𝛽௞ represents its associated coefficient (fixed-

effect estimates). 
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Two additional terms were included to account for interindividual variation in habitat selection among 
caribou and between years: 𝜇௜,଴, the random intercept associated with the locations from each i-th 

caribou-year, and 𝜇௜,௞, the random slope associated with each k-th variable (𝑥௞). In other words, a random 

slope was fit for each environmental variable included in the RSF. The random slopes allow the strength 

and direction of selection to vary by caribou-year combination, making it possible to model the variation in 

resource selection among individuals. The random intercept accounts for the correlated observations in 

caribou-years by employing a compound symmetric correlation structure, which assumes that 

observations within each caribou-year are equally correlated (Gillies et al. 2006). In summary, including 

random effects allows for the estimation of population-level responses by controlling for interindividual 

variation, unequal sample sizes, and autocorrelation (Gillies et al. 2006, Muff et al. 2020). 

Several additional model parameterizations were considered when developing RSFs. Fieberg et al. 

(2021) recommend that RSFs be developed by (1) maximizing the number of available locations to the 

extent possible and (2) assigning large weights to those locations when fitting logistic regression models. 

The first recommendation was implemented using the 1:20 used-vs-available sampling ratio. The second 
recommendation was implemented by assigning large weights to all available locations (𝑤available = 1,000) 

relative to used locations (𝑤used = 1) (Muff et al. 2020). Finally, rather than directly estimating the random 

intercepts for each caribou-year (which is not of interest, nor does it contribute to interpreting RSF 
parameters), a large, fixed variance (𝜎ଶ = 106) was applied to the random intercept to avoid ‘shrinkage’ 

(see Muff et al. 2020 for details). 

A.1.6 Model Fitting 

To avoid biased estimates of coefficients and inflated standard errors, multicollinearity among variables 

was assessed using two methods. The first was via a correlation matrix using Pearson’s product moment 

correlation in which |𝑟| > 0.60 were dropped from consideration. The second was using the variance 

inflation factor scores, in which variables with 𝑉𝐼𝐹 >  3 were dropped from consideration. 

Environmental variables were selected for inclusion in models using two methods: (1) visual comparison 

of used versus available density plots, and (2) univariate logistic regression. Density plots depicted the 

frequency distribution of locations across the gradient of environmental values (e.g., range of elevation). 

Density functions were estimated using a Gaussian smoothing kernel and helped clarify the strength and 

shapes of selection. For example, unimodal selection (i.e., a quadratic function) is evident when the used 

distribution is higher at moderate environmental-variable values, and the available distribution is higher at 

low and high (extreme) environmental-variable values. Furthermore, univariate regressions were used to 

determine whether the appropriate functional form (or shape) of selection was linear or quadratic. 

When caribou select a particular resource type on the landscape, it may select that resource for its 

quantity and distribution beyond the immediate vicinity. For example, a caribou may select a landcover 

type (e.g., grass-lichen-moss) based on its abundance within a 100 m or 250 m radius buffer from the 

caribou’s location. This buffer can be interpreted as the ‘patch size’ of a given resource type. The habitat 

values for variable patch sizes were calculated using a moving window algorithm, computing the mean 

value of a given habitat component within a buffer with the respective radius. To develop an RSF with the 

appropriate patch sizes, univariate logistic regressions were fit using different patch sizes for TRI (60 m 

and 120 m), and NDVI and land cover percentages (100 m, 250 m, 500 m, or 1,000 m). The best 
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functional forms and patch sizes of environmental variables were identified using a standard information 

theoretic approach, corrected Akaike Information Criterion (AICc; Burnham and Anderson 2002), which 

balances the trade-off between the amount of variance explained (model log-likelihood) and the number 

of variables fit. The univariate model with the lowest AICc score was identified as the best model 

(Burnham and Anderson 2002) describing the best functional forms and patch sizes of environmental 

variables. 

Based on the results of data exploration, environmental variables used in RSFs were selected based on 

knowledge of Bathurst caribou and Dolphin and Union caribou seasonal ecology, shape and form of 

density plots, and the diagnostics from the univariate regression analysis. Some variables were not 

included in any seasonal models due to limited representation of certain landcover class within the 

seasonal range, which resulted in an inflated proportion of values at, or near zero which might affect 

model convergence (e.g., conifer forest land cover percent was excluded due to its minimal occurrence 

within caribou seasonal ranges). All variables were standardized to a mean of 0 and a standard deviation 

of 1 to compare relative importance between variables.  

A.1.7 Model Validation 

All RSFs were evaluated by their predictive performance (e.g., Johnson et al. 2020, Superbie et al. 2022). 

Model predictions were evaluated by implementing 5-fold cross-validation to compare observed versus 

expected used locations in decile (10) bins of mapped RSF predictions, as per Johnson et al. (2006). 

Below, each step of the model validation procedure is described in detail. 

1. The location data were partitioned into five groups. Four of those groups were combined for each 

iteration of the cross-validation to produce the ‘training’ dataset; the remaining group was retained as 

the ‘testing’ dataset. Note: because the used-available location dataset was very large, it posed 

computational challenges to complete cross-validation procedures with the entire dataset; therefore, 

only 50% of used-available locations were resampled for each caribou-year combination. Each data 

fold included an equal number of different caribou-year combinations; this approach tested whether 

the population-level RSF could make consistent predictions regardless of interindividual variation. 

2. The RSF was estimated using the ‘training’ dataset, and the predictions were mapped across the 

landscape at a 30 m resolution (i.e., the same resolution as environmental spatial layers). Those 

mapped predictions were then assigned a bin value from 1–10 to correspond with deciles for those 

predictions (i.e., 10-percentile intervals). 

3. Midpoint (median) values of raw RSF (probabilities) were calculated for each decile bin. Those 

midpoints were used to calculate the expected utilization within each decile bin, as per Johnson et al. 

(2006): 

𝑈(𝑥௜) =
𝑤(𝑥௜)𝐴(𝑥௜)

∑ 𝑤(𝑥௜)𝐴(𝑥௜)௡
௜ୀଵ

  

where 𝑈(𝑥௜) is the expected utilization, 𝑤(𝑥௜) is the midpoint, and 𝐴(𝑥௜) is the area of the i-th decile 

bin. I.e., the expected utilization in each bin is calculated as the product of the midpoint and area in 

that bin, divided by the sum of the midpoint-area products in every bin. 
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4. The mapped RSF decile values were extracted to caribou locations in the ‘testing’ dataset — the 

observed counts in each decile bin.  

5. The expected counts in each decile bin were calculated based on the expected utilization and the 

total number of used locations in the ‘testing’ dataset, as per Johnson et al. (2006): 

𝑁௜ = 𝑁 × 𝑈(𝑥௜)  

where 𝑁௜ is the expected count, 𝑁 is the total number of observations in the ‘testing’ dataset, and 

𝑈(𝑥௜) is the expected utilization (see previous equation) of the i-th decile bin. 

6. The observed and expected counts were also recalculated as proportions, i.e., the number of counts 

in each decile divided by the sum of all counts. The relationships between observed versus expected 

proportions in each fold (or cross-validation iteration) were tested using major axis regression, 
spearman’s rank sum correlation (𝑟s), and chi-square tests of proportions in every decile bin. 

Observed versus expected counts in all bins were compared using a chi-square goodness-of-fit test. 

Major axis regressions with intercepts close to zero and slopes close to one indicate a strong fit between 

observed versus expected proportions. Slopes <1 indicate that fewer observed locations occur in areas 

with higher RSF values; in other words, the RSF predicts higher selection probabilities in areas with a 

less-than-expected number of caribou. Therefore, slopes <1 indicate that the RSF overestimates 

resource selection (or relative habitat quality). Conversely, slopes >1 indicate that the RSF 

underestimates resource selection (or relative habitat quality). 

Steps (1) through (6) were repeated five times with five folds in each iteration. R packages ‘sf’ (Pebesma 

2018) and ‘terra’ (Hijmans 2023) were used to facilitate prediction, mapping of the RSF, and extraction of 

RSF (decile) values to point locations. If issues with prediction accuracy were identified, then the global 

model structures were adjusted, and the validation process was repeated, using the new model structure. 

Model validation results are presented separately for each of the five iterations and summarized by 

combining all iterations. 

A.1.8 Relative Habitat Quality and Distribution 

A post-hoc selection ratio test was conducted between caribou locations and RSF values to define 

relative habitat quality ratings. Mapped RSF values were partitioned into 50 quantile bins (2-percentile 

intervals) and associated with used and available locations to calculate a ratio. The ratio was negative if 

the proportion of available locations in a 2-percentile interval was greater than that of used locations. The 

ratio was positive when the proportion of used locations was greater. The purpose of this approach was 

to identify the point within the RSF-value range where values switched from being avoided (negative 

ratio) to selected (positive ratio). Identifying this selection ratio switch-point prevents arbitrarily choosing a 

threshold to define selected (or high value) habitat, and it accounts for the combined effect of all habitat 

components on the landscape.  
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The selection ratio for each quantile bin was calculated as follows: 

𝑆𝑅௜ =
𝑈𝑃௜  −  𝐴𝑃௜

𝐴𝑃௜

  

where the selection ratio 𝑆𝑅௜ for each i-th quantile bin is dependent on the proportion of used (𝑈𝑃௜) and 

available (𝐴𝑃௜) locations in that bin. 

Six (6) habitat ratings were established to further describe the gradation in resource selection: Nil, 

Very Low, Low, Moderate, Moderately High, and High. These ratings were chosen to be consistent with 

common habitat suitability rating schemes (e.g., Clarke 2012). The portion of the selected RSF-value 

range (positive selection ratios) was divided into three equal parts to define Moderate, Moderately High, 

and High ratings. The portion of the avoided RSF-value range (negative selection ratios) was divided into 

three equal parts to define Nil, Very Low, and Low ratings. Note that the distinction between habitat 

ratings within the selected (Moderate versus Moderately High versus High) and avoided (Nil versus 

Very Low versus Low) RSF-value ranges is somewhat subjective, but it does reflect differences in the 

degree of selection. More important from an ecological perspective is the difference between selected 

and avoided regions on the landscape. Each pixel in the RSF map was assigned a habitat rating based 

on its RSF value to demonstrate those differences. 
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A.2 Results 

A.2.1 Bathurst – Calving/ Post-calving 

During calving/ post-calving, Bathurst caribou selected 0–300 m elevations, relatively flat terrain in a 60 m 

radius (TRI_60 < 10), >50% Grass-Lichen-Moss landcover within a 1,000 m radius, 10–40% Barren-

Lichen-Moss landcover within a 1,000 m radius, and moderate (0.4–0.6) NDVI values. NDVI and 

elevation had the largest marginal effect on calving/ post-calving resource selection, as demonstrated by 

standardized regression coefficients (see Table A.3). The calving/ post-calving RSF had high prediction 

accuracy across the combined cross-validation tests (correlation: 𝑟s = 0.97; regression: intercept = -0.01, 

slope = 1.06, R2 = 0.90; see Figure A.1 for tests from each iteration). Following the development of 

habitat ratings (see Figure A.2), RSF predictions across the calving/ post-calving range demonstrated 

approximately 46% of the range is considered ‘selected’ habitat (moderate-to-high relative quality) by 

Bathurst caribou (see Figure 4.26). 

Table A.3 Model Coefficients and 95% Confidence Intervals for Calving/ Post-calving 
Resource Selection by Bathurst Caribou 

Model Term Estimate 95% LL 95% UL z-statistic P-value 

Intercept -18.48 -118.63 81.67 -0.36 0.72 

Land Cover Percent 

Grass-Lichen-Moss_1000m 0.31 0.21 0.41 6.30 <0.0001 

(Grass-Lichen-Moss_1000m)2 -0.11 -0.20 -0.01 -2.18 0.029 

Barren-Lichen-Moss_1000m 0.50 0.41 0.58 11.14 <0.0001 

(Barren-Lichen-Moss_1000m)2 -0.75 -0.85 -0.65 -14.12 <0.0001 

Vegetation Density 

NDVI_100m 11.50 10.25 12.75 18.01 <0.0001 

(NDVI_100m)2 -10.75 -11.80 -9.71 -20.16 <0.0001 

Terrain Characteristics 

Elevation 5.01 4.46 5.56 17.74 <0.0001 

(Elevation)2 -5.25 -5.76 -4.73 -19.98 <0.0001 

Ruggedness_60m 0.16 0.10 0.22 5.00 <0.0001 

(Ruggedness_60m)2 -0.78 -0.88 -0.68 -15.62 <0.0001 

Notes: 

 Covariates were standardized before model fitting to allow relative comparison of fixed-effect coefficient 
magnitudes. Quadratic terms are identified as follows: (x)2. 

 Patch sizes are provided for the relevant covariate terms, e.g., 1000 m. Bolded coefficients identify terms with 
confidence intervals that do not overlap zero. 

 95% LL = lower confidence interval; 95% UL = upper confidence interval. 

 Estimates of random slopes and intercepts are not provided because they are not of direct interest for 
interpreting results. 
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Figure A.1 Cross-Validation Results Comparing Expected Versus Observed Proportions of 
Used Locations by Bathurst Caribou During Calving/ Post-calving 
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Figure A.2 Bathurst Caribou Calving/ Post-calving Habitat Rating Development 
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A.2.2 Bathurst – Summer 

During summer, Bathurst caribou selected >500 m elevations, relatively flat terrain in a 120 m radius 

(TRI_120 < 10), >50% Grass-Lichen-Moss landcover within a 1,000 m radius, >60% Shrub-Lichen-Moss 

landcover within a 250 m radius, and high (>0.6) NDVI values. NDVI and elevation had the largest 

marginal effect on summer resource selection, as demonstrated by standardized regression coefficients 

(see Table A.4). The summer RSF had very high prediction accuracy across the combined cross-

validation tests (correlation: 𝑟s = 0.99; regression: intercept = -0.01, slope = 1.05, R2 = 0.98; see 

Figure A.3 for tests from each iteration). Following the development of habitat ratings (see Figure A.4), 

RSF predictions across the summer range demonstrated approximately 46% of the range is considered 

‘selected’ habitat (moderate-to-high relative quality) by Bathurst caribou (see Figure 4.27). 

Table A.4 Model Coefficients and 95% Confidence Intervals for Summer Resource Selection 
by Bathurst Caribou 

Model Term Estimate 95% LL 95% UL z-statistic P-value 

Intercept -14.95 -124.17 94.27 -0.27 0.79 

Land Cover Percent 

Grass-Lichen-Moss_1000m -0.32 -0.40 -0.23 -7.14 <0.0001 

(Grass-Lichen-Moss_1000m)2 0.25 0.17 0.34 5.62 0.029 

Shrub-Lichen-Moss_250m 1.71 1.59 1.83 27.93 <0.0001 

(Shrub-Lichen-Moss_250m)2 -0.65 -0.74 -0.56 -14.12 <0.0001 

Vegetation Density 

NDVI_500m 9.11 8.28 9.93 21.66 <0.0001 

(NDVI_500m)2 -4.98 -5.39 -4.56 -23.27 <0.0001 

Terrain Characteristics 

Elevation 4.55 4.20 4.90 25.46 <0.0001 

(Elevation)2 -3.95 -4.29 -3.61 -22.86 <0.0001 

Ruggedness_120m -0.01 -0.06 0.04 -0.38 0.70 

(Ruggedness_120m)2 -0.19 -0.25 -0.12 -5.57 <0.0001 

Notes: 

 Covariates were standardized before model fitting to allow relative comparison of fixed-effect coefficient 
magnitudes. Quadratic terms are identified as follows: (x)2. 

 Patch sizes are provided for the relevant covariate terms, e.g., 1000 m. Bolded coefficients identify terms with 
confidence intervals that do not overlap zero. 

 95% LL = lower confidence interval; 95% UL = upper confidence interval. 

 Estimates of random slopes and intercepts are not provided because they are not of direct interest for 
interpreting results. 
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Figure A.3 Cross-Validation Results Comparing Expected Versus Observed Proportions of 
Used Locations by Bathurst Caribou During Summer 
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Figure A.4 Bathurst Caribou Summer Habitat Rating Development 
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A.2.3 Bathurst – Fall 

During fall, Bathurst caribou selected >500 m elevations, <20% Grass-Lichen-Moss landcover within a 

1,000 m radius, 40–80% Shrub-Lichen-Moss landcover within a 100 m radius, and high (>0.6) NDVI 

values. NDVI and elevation had the largest marginal effect on summer resource selection, as 

demonstrated by standardized regression coefficients (see Table A.5). The fall RSF had high prediction 

accuracy across the combined cross-validation tests (correlation: 𝑟s = 0.98; regression: intercept = -0.01, 

slope = 1.06, R2 = 0.96; see Figure A.5 for tests from each iteration). Following the development of 

habitat ratings (see Figure A.6), RSF predictions across the summer range demonstrated approximately 

46% of the range is considered ‘selected’ habitat (moderate-to-high relative quality) by Bathurst caribou 

(see Figure 4.28). 

Table A.5 Model Coefficients and 95% Confidence Intervals for Fall Resource Selection by 
Bathurst Caribou 

Model Term Estimate 95% LL 95% UL z-statistic P-value 

Intercept -15.36 -131.87 101.15 -0.26 0.80 

Land Cover Percent 

Grass-Lichen-Moss_1000m 0.15 0.07 0.23 3.67 0.0002 

(Grass-Lichen-Moss_1000m)2 -0.55 -0.65 -0.46 -11.20 <0.0001 

Shrub-Lichen-Moss_100m 1.66 1.55 1.76 30.62 <0.0001 

(Shrub-Lichen-Moss_100m)2 -0.68 -0.76 -0.60 -16.26 <0.0001 

Vegetation Density 

NDVI_1000m 12.10 10.85 13.35 18.98 <0.0001 

(NDVI_1000m)2 -6.51 -7.18 -5.84 -18.94 <0.0001 

Terrain Characteristics 

Elevation 7.06 6.08 8.03 14.20 <0.0001 

(Elevation)2 -6.62 -7.58 -5.66 -13.50 <0.0001 

Notes: 

 Covariates were standardized before model fitting to allow relative comparison of fixed-effect coefficient 
magnitudes. Quadratic terms are identified as follows: (x)2. 

 Patch sizes are provided for the relevant covariate terms, e.g., 1000 m. Bolded coefficients identify terms with 
confidence intervals that do not overlap zero. 

 95% LL = lower confidence interval; 95% UL = upper confidence interval. 

 Estimates of random slopes and intercepts are not provided because they are not of direct interest for 
interpreting results. 
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Figure A.5 Cross-Validation Results Comparing Expected Versus Observed Proportions of 
Used Locations by Bathurst Caribou During Fall 

 

Iteration #1 

 

Iteration #2 

 
Iteration #3 

 

Iteration #4 

 
Iteration #5 

 

 

  



Grays Bay Road and Port Project  
Terrestrial Wildlife Baseline Report 

Appendix A  Habitat Modelling — Resource Selection Functions  
March 2026 

A-18 

Figure A.6 Bathurst Caribou Fall Habitat Rating Development 
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A.2.4 Dolphin and Union – Pre-Spring and Post-Fall Migration Staging 

During pre-spring and post-fall migration staging, Dolphin and Union caribou selected <200 m elevations, 

relatively flat terrain in a 60 m radius (TRI_60 < 10), and 20–40% Shrub-Lichen-Moss landcover within a 

100 m radius. Elevation and Shrub-Lichen-Moss landcover had the largest marginal effect on resource 

selection, as demonstrated by standardized regression coefficients (see Table A.6). The pre-spring and 

post-fall migration staging RSF had moderate prediction accuracy across the combined cross-validation 

tests (correlation: 𝑟s = 0.88; regression: intercept = -0.01, slope = 1.11, R2 = 0.86; see Figure A.7 for tests 

from each iteration). Following the development of habitat ratings (see Figure A.8), RSF predictions 

during pre-spring and post-fall migration staging demonstrated approximately 38% of the herd’s mainland 

range is considered ‘selected’ habitat (moderate-to-high relative quality) by Dolphin and Union caribou 

(see Figure 4.39). 

Table A.6 Model Coefficients and 95% Confidence Intervals for Pre-Spring and Post-Fall 
Migration Staging Resource Selection by Dolphin and Union Caribou 

Model Term Estimate 95% LL 95% UL z-statistic P-value 

Intercept -17.15 -222.61 188.31 -0.16 0.87 

Land Cover Percent 

Shrub-Lichen-Moss_100m 1.76 1.51 2.00 14.04 <0.0001 

(Shrub-Lichen-Moss_100m)2 -1.63 -1.85 -1.40 -14.16 <0.0001 

Terrain Characteristics 

Elevation 2.53 1.23 3.84 3.81 0.0001 

(Elevation)2 -6.50 -8.25 -4.74 -7.26 0.0000 

Ruggedness_60m -0.04 -0.22 0.13 -0.50 0.6187 

(Ruggedness_60m)2 -0.22 -0.46 0.01 -1.87 0.0609 

Notes: 

 Covariates were standardized before model fitting to allow relative comparison of fixed-effect coefficient 
magnitudes. Quadratic terms are identified as follows: (x)2. 

 Patch sizes are provided for the relevant covariate terms, e.g., 1000 m. Bolded coefficients identify terms with 
confidence intervals that do not overlap zero. 

 95% LL = lower confidence interval; 95% UL = upper confidence interval. 

 Estimates of random slopes and intercepts are not provided because they are not of direct interest for 
interpreting results. 
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Figure A.7 Cross-Validation Results Comparing Expected Versus Observed Proportions of 
Used Locations by Dolphin and Union Caribou During Pre-Spring and Post-Fall 
Migration Staging 
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Figure A.8 Dolphin and Union Caribou Pre-Spring and Post-Fall Migration Staging Habitat 
Rating Development 
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A.2.5 Dolphin and Union – Winter 

During winter, Dolphin and Union caribou selected a range of elevations (100–400 m), relatively flat 

terrain in a 120 m radius (TRI_60 < 10), 10–30% Grass-Lichen-Moss landcover within a 250 m radius, 

and moderate (0.4–0.6) NDVI values. NDVI and elevation had the largest marginal effect on winter 

resource selection, as demonstrated by standardized regression coefficients (see Table A.7). The winter 

RSF had high prediction accuracy across the combined cross-validation tests (correlation: 𝑟s = 0.94; 

regression: intercept = 0.00, slope = 1.01, R2 = 0.90; see Figure A.9 for tests from each iteration). 

Following the development of habitat ratings (see Figure A.10), RSF predictions during winter 

demonstrated approximately 50% of the herd’s mainland range is considered ‘selected’ habitat 

(moderate-to-high relative quality) by Dolphin and Union caribou (see Figure 4.40). 

Table A.7 Model Coefficients and 95% Confidence Intervals for Winter Resource Selection by 
Dolphin and Union Caribou 

Model Term Estimate 95% LL 95% UL z-statistic P-value 

Intercept -15.79 -201.82 170.24 -0.17 0.87 

Land Cover Percent 

Grass-Lichen-Moss_250m 0.70 0.54 0.87 8.40 <0.0001 

(Grass-Lichen-Moss_250m)2 -0.92 -1.06 -0.79 -13.15 <0.0001 

Vegetation Density 

NDVI_1000m 6.36 5.28 7.44 11.54 <0.0001 

(NDVI_1000m)2 -5.82 -6.76 -4.88 -12.08 <0.0001 

Terrain Characteristics 

Elevation 7.46 6.13 8.79 10.96 <0.0001 

(Elevation)2 -7.11 -8.15 -6.07 -13.43 <0.0001 

Ruggedness_120m 0.29 0.15 0.43 3.98 0.0001 

(Ruggedness_120m)2 -1.44 -1.66 -1.21 -12.78 <0.0001 

Notes: 

 Covariates were standardized before model fitting to allow relative comparison of fixed-effect coefficient 
magnitudes. Quadratic terms are identified as follows: (x)2. 

 Patch sizes are provided for the relevant covariate terms, e.g., 1000 m. Bolded coefficients identify terms with 
confidence intervals that do not overlap zero. 

 95% LL = lower confidence interval; 95% UL = upper confidence interval. 

 Estimates of random slopes and intercepts are not provided because they are not of direct interest for 
interpreting results. 
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Figure A.9 Cross-Validation Results Comparing Expected Versus Observed Proportions of 
Used Locations by Dolphin and Union Caribou During Winter 
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Figure A.10 Dolphin and Union Caribou Winter Habitat Rating Development 
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