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Shifts in Fox Den Occupancy in the Greater Prudhoe Bay Area, Alaska
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ABSTRACT. Although shifts in the distribution of red foxes into areas previously dominated by Arctic foxes have been
documented over wide areas of the circumpolar North, no such documentation exists yet for the Alaskan Arctic. Fox research
in the greater Prudhoe Bay area from the 1970s through the early 1990s focused primarily on Arctic foxes in relation to oil
development because red foxes were uncommon. A monitoring program in 2005—12 included annual surveys of 3148 fox
dens within 2 km of the road system. In 2005, 2006, and 2008, Arctic fox dens outnumbered those of red foxes, but from
2010 onward, the reverse was true. There is greater distance between natal dens of Arctic foxes and those of red foxes than
between natal dens within each species, suggesting that Arctic foxes avoid red fox denning territories. Of dens in our study
that were used by Arctic foxes prior to 2005, 50% have since been occupied by red foxes. Red foxes displaced Arctic foxes
from dens closest to oil field camps, pads, and other facilities, and preyed on their pups. Access to anthropogenic food sources
probably supports red foxes in the area. Predictions from climate change studies indicate the displacement of Arctic foxes by
red foxes will continue in the Alaskan Arctic, although the change may be slower away from areas of human occupation and
anthropogenic foods.
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RESUME. Malgré que des changements sur le plan de la répartition du renard roux dans des régions qui étaient auparavant
dominées par le renard arctique aient été répertoriés dans une grande partie du Nord circumpolaire, ce n’est pas encore le
cas de I’Arctique alaskien. L’étude des renards de la grande région de la baie Prudhoe, des années 1970 jusqu’au début des
années 1990, portait principalement sur le renard arctique dans le cadre de la mise en valeur du pétrole, car le renard roux
n’était pas courant a ce moment-1a. Un programme de surveillance mené a bien de 2005 a 2012 a notamment pris la forme de
dénombrements annuels de 31 a 48 taniéres de renards dans un rayon de deux kilometres du réseau routier. En 2005, en 2006
et en 2008, le nombre de tanic¢res de renards arctiques dépassait le nombre de taniéres de renards roux, mais a partir de 2010,
c’était I'inverse. La distance qui sépare les taniéres de mise bas des renards arctiques de celles des renards roux est plus grande
que la distance qui sépare les tanieres de mise bas au sein de chacune des espéces, ce qui laisse entendre que le renard arctique
évite les territoires de mise bas du renard roux. Parmi les tanicres visées par notre étude qui étaient utilisées par les renards
arctiques avant 2005, 50 % d’entre elles sont depuis occupées par des renards roux. Les renards roux ont supplanté les renards
arctiques qui occupaient les tanieres situées plus preés des campements de champs pétroliféres, des zones tampons et d’autres
installations, et ils ont attaqué leurs petits. L’acces aux sources alimentaires anthropiques permet probablement au renard
roux de survivre dans cette région. Les prévisions émanant des études du changement climatique laissent présager que la
supplantation du renard arctique par le renard roux s’é¢tendra a I’Arctique alaskien, bien que le changement puisse se produire
plus lentement en raison de 1’éloignement de I’occupation humaine et de la nourriture anthropique.

Mots clés : renard arctique, renard roux, occupation de la taniére, compétition par interférence, sources alimentaires
anthropiques, changement climatique

Traduit pour la revue Arctic par Nicole Giguere.

INTRODUCTION

The Arctic fox (Vulpes lagopus) is the dominant fox spe-
cies in the circumpolar Arctic tundra region. Within the last
century, the range of the Arctic fox has contracted while
that of the red fox (Vulpes vulpes) has expanded northward
(Gallant et al., 2012). There is limited information about
when the contraction began in different regions, although
MacPherson (1964) reported red foxes on Baffin Island
in Canada in 1918. However, within the last 30 years, the

contraction of the Arctic fox’s range has been extensive
enough in the subarctic alpine tundra in Fennoscandia to
prompt concern (Hersteinsson et al., 1989; Tannerfeldt et
al., 2002; Frafjord, 2003; Herfindal et al., 2010) and to insti-
gate an analysis of the geographical changes across Arctic
Canada (Hersteinsson and Macdonald, 1992; Gallant et al.,
2012). In both regions, the shifts in distribution of the two
fox species have since been considered as part of a suite
of physical and biological alterations related to both cli-
mate change and increased human activity (Hersteinsson
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and Macdonald, 1992; Walther et al., 2002; Fuglei and Ims,
2008; Post et al., 2009).

In the Alaskan Arctic, unlike Arctic Canada and Fenno-
scandia, no shift in the distribution of red and Arctic foxes
has yet been documented, although there have been pub-
lished reports of direct interactions between the two species
(Schamel and Tracy, 1986; Pamperin et al., 2006). Research
on foxes in Arctic Alaska has focused primarily on Arctic
foxes in relation to oilfield development (Eberhardt, 1977,
Fine, 1980; Garrott, 1980; Eberhardt et al., 1982, 1983;
Garrott et al., 1984; Ballard et al., 2000; Pamperin et al.,
2006). While Eberhardt (1977) included both species in his
research on the biology of foxes on the North Slope of the
Brooks Range, red foxes were confined almost entirely to
the foothills at that time, and he reported only one record of
a red fox seen on the Arctic Coastal Plain.

In the early 1990s, motivated by the increased abun-
dance of Arctic foxes in the Prudhoe Bay region (Burgess,
2000; Ballard et al., 2000) and concern about their poten-
tial effects as predators on migratory birds, BP Explora-
tion (Alaska) Inc. (BP) instituted surveys of fox dens in
the Prudhoe Bay oilfield and adjacent undeveloped tundra.
As part of these surveys, a Geographical Information Sys-
tem (GIS) database of fox den sites was created, incorpo-
rating all known records of fox dens prior to the 1990s as
well as dens located in the course of three years of surveys
in 1991-93 (ABR, unpubl. data). The surveys recorded
species occupancy and productivity data for each den, as
well as geographical coordinates. Between 1991 and 1993,
119 Arctic fox dens and one red fox den were identified in
both developed and remote, undeveloped areas. The sin-
gle red fox den was recorded on the Sagavanirktok River
delta in 1992; previously, this den had been occupied by
Arctic foxes. In 2005, BP initiated a long-term monitoring
program that included annual surveys for occupancy and
productivity of fox dens in the greater Prudhoe Bay area
(consisting of Prudhoe Bay and smaller, adjacent oilfields).
Between 2005 and 2012, we observed a rapid shift in den
occupancy as red foxes displaced Arctic foxes from den
sites and breeding territories and became the primary and
dominant species in the study area.

MATERIALS AND METHODS

The greater Prudhoe Bay area, a region of relatively
dense industrial activity related to oil development, encom-
passes a portion of the Arctic Coastal Plain ~70 km across,
from the Sagavanirktok River delta in the east to Milne
Point in the west (~15 km west of the Kuparuk River), and
extends inland as much as 20 km from the Beaufort Sea in
the north. The climate is characterized by extremes in both
daylight and temperature, with minimal daylight and aver-
age monthly temperatures colder than —20°C in the winter
months and continuous daylight and average monthly tem-
peratures warmer than 0°C in the summer (Truett, 2000).
The landscape is frozen for eight to nine months of the year,
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and soil biological activity is restricted to a thaw layer up
to 100 cm deep and underlain by continuous permafrost
(Walker, 1985). The landscape is mostly flat and domi-
nated by thaw lakes and drained thaw-lake basins (Carson
and Hussey, 1962). The habitat types are primarily wet and
moist tundra (Walker and Acevedo, 1987).

Our study area (792 km?) encompassed all tundra within
2 km of the entire road system within the greater Prudhoe
Bay area on the Arctic Coastal Plain of Alaska (Fig. 1).
Except for the addition of a few new drill sites, this older
core oilfield industrial area has remained largely similar in
the density of roads and type of development activity since
the early 1990s. Our den information came from the GIS
database created in the early 1990s, which included all dens
recorded by researchers between the 1970s and 1993. This
database included both “natural” dens (constructed in natu-
ral features such as pingos, mounds, and river banks) and
a small number of “artificial” dens (associated with man-
made structures such as culverts, road banks, and trailers).
Artificial dens were predominantly used as secondary dens;
unlike natural dens, they were rarely used for more than a
single year.

For our study, we selected a subset of natural dens from
the GIS database as described below and visited them
between mid-June and early July in every year from 2005
to 2012. Any new dens observed during the effort were
added to the database. In 2005 and 2006, the dens surveyed
were randomly selected from those within 1 km of the road
system. Beginning in 2007, all natural dens within 2 km
of the road system were surveyed. Artificial dens were
checked opportunistically in all years of the study. The sta-
tus (active, inactive) and species occupancy of each den
were assessed on the first visit, and prey remains on the sur-
face of the den were qualitatively categorized. Active dens
were revisited to confirm their status and to count pups, if
possible. Active dens were often visited several times and
were observed from a distance (for 10 to 120 minutes per
visit) to record the number of adults and pups, as well as
any prey items brought to the den by adults.

Active dens were classified as natal dens if on the first
visit we saw or heard pups or observed signs denoting the
presence of pups (small scats, pup-sized footprints in bur-
row entrances, vegetation trampling). Active dens were
classified as secondary dens if they were inactive when first
visited in June, but casual observations in July revealed
subsequent occupation by a fox family (no special effort
was made to locate or identify secondary dens). Active dens
at which pups were never seen were assigned to species
when adult foxes were seen or when shed fur around the
entrances could be identified to species.

We examined the patterns of displacement of Arctic
foxes and their potential avoidance of red foxes by compar-
ing distances between active natal dens, both within and
between species, and between natal dens of each species
and facilities where human activities are concentrated (e.g.,
camps, drill sites, processing facilities). To assess potential
avoidance between species, we used our complete sample
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FIG. 1. The Greater Prudhoe Bay area, Alaska, where surveys for fox den occupancy and productivity were conducted from 2005 to 2012. Although the
study area (outlined gray area; 792 km?) included all known dens from the 1993 GIS den database that were within 2 km of the road system and any new dens
discovered after 2005, the figure shows only the dens common to both survey periods. Den occupancy by Arctic and red foxes is shown for (top) the 1970s to

1993 and (bottom) the current study period (2005—12).
of dens, but to look at whether displacement had occurred

in relation to facilities, we used a subset of dens that was
common to the surveys done in the 1990s and this study.

RESULTS

In 2005 and 2006, 31 to 33 dens were surveyed. Between
2007 and 2012, when all known dens in the study area were

included, 39 to 48 dens were surveyed annually. Most dens
were located within 1 km from the road system; only four
or five dens each year were located 1—-2 km away. Ten dens
had been destroyed (by erosion, collapse, or other process)
or abandoned (indicated by extensive vegetation growth
that obscured entrances) prior to our study, and these were
removed from further consideration. Beginning in 2006,
one to four natural dens were added to the database in each
year except 2010.



The total number of natal dens (both species combined)
varied from 11 to 18 in all years except 2007, when no dens
were active and no pups were produced. The lack of breed-
ing in foxes in 2007 may be related to a rabies/distemper
epizootic that occurred across the Arctic Coastal Plain of
Alaska in the winter of 2006—07.

At the beginning of our study in 2005, 85% of natal dens
(11 of 13 total) were inhabited by Arctic foxes (Fig. 2). One
of the red fox natal dens in 2005 was the same den known
to have harbored a red fox family in 1992, and one was a
completely new den. In 2006, Arctic foxes inhabited eight
of a total 11 natal dens, but red foxes inhabited the other
three (comprising 27% of total natal dens in the study area),
including the earliest occupied den. The number of Arctic
fox natal dens was stable at eight in 2006, 2008, and 2009
but dropped to two or three each year in 2010, 2011, and
2012. The number of dens inhabited by red foxes grew to
six (43%) in 2008 and continued to increase each year to a
high of 15 (83%) in 2011, before declining slightly in 2012.
The dens that have been inhabited by red foxes include
six new dens and eight that were occupied by Arctic foxes
sometime between 2005 and 2008, but were taken over, as
well as some dens from the database that were not occupied
by Arctic foxes during this study. No den taken over by red
foxes was subsequently inhabited by Arctic foxes. Despite
the small sample sizes, there is a significant negative corre-
lation between the number of Arctic fox natal dens and the
number of red fox dens over the short time span of the study
(Pearsonr=-0.83, p = 0.02).

In addition to physically displacing Arctic foxes from
den sites, red foxes may displace them from larger foraging
territories, perhaps with an additional avoidance effect due
to direct aggression by red foxes, as documented by obser-
vations of predatory attacks on Arctic fox adults (Frafjord
et al., 1989; Pamperin et al., 2006). Because dens were a
potentially limiting commodity with variable numbers
occupied by each species in each year, we used the mean
distance between natal dens of Arctic foxes in 2005 (when
Arctic fox dens were most abundant and red foxes uncom-
mon) to represent mean distance between natal dens of Arc-
tic foxes when relatively unaffected by red foxes. Similarly,
we used the mean distance between natal dens of red foxes
in 2011 (when red fox dens were most abundant) to repre-
sent the mean distance between natal dens of red foxes at
the peak of abundance observed so far. Somewhat surpris-
ingly, the average distance between Arctic fox natal dens
when red fox den occupancy was low (2005: n = 11) was
6.2 km (minimum distance 2.4 km), while that between red
fox natal dens at their peak (2011: n = 15) was only 3.7 km
(minimum 1.6 km). The smaller inter-den distance of red
foxes suggests that they may have inhabited the most pro-
ductive foraging territories or that they somehow exploit
their territories differently, perhaps more effectively, than
Arctic foxes had previously done. To further assess poten-
tial avoidance of red fox breeding and foraging territories
by Arctic foxes, we computed the average distance from
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FIG. 2. Numbers of natal dens recorded for Arctic and red foxes in the Greater
Prudhoe Bay area, Alaska, from 2005 to 2012.

each Arctic fox natal den to the nearest red fox natal den in
2009, when they were equally abundant (eight natal dens of
each species). The average distance between red and Arctic
fox natal dens in 2009 was 8.8 km (minimum 2.6 km), sug-
gesting that avoidance further displaced Arctic foxes from
parts of the study area that were inhabited by red foxes.
This analysis is somewhat flawed because dens (and other
resources) are not uniformly distributed across the land-
scape, our sample sizes are small, and our study area was
defined by proximity to roads.

To represent the extent of displacement of Arctic foxes
from dens more precisely and to explore the likelihood that
red foxes were more closely associated with human activi-
ties or with anthropogenic foods, we identified a subsam-
ple of 38 dens within our current study area that were part
of the original GIS database (i.e., recorded as natal dens
at some time between the 1970s and 1993) and were also
surveyed in each year of our study (Fig. 1). As previously
mentioned, there was a single red fox den from 1992 in
the original database, and all other dens were occupied by
Arctic foxes. During our study, an additional 18 dens were
taken over by red foxes (making 19 of 38, an increase from
3% to 50% red fox dens), 10 (26%) were not used by foxes
of either species, and only nine (24%) were occupied exclu-
sively by Arctic foxes. However, three of these latter dens
have not been used since 2005, making the current level of
occupancy by Arctic foxes between 16% and 24%.

On average, the 19 dens that have been taken over by
red foxes were significantly closer (p < 0.01) to facilities
(mean = 0.54 km, range 0.00—1.53 km) than the six dens
that were still used by Arctic foxes (mean = 1.12 km, range
0.83—1.47 km). These data suggest that red foxes are partic-
ularly attracted to den sites where anthropogenic resources
are available and that, through interference competition or
direct aggression, red foxes are displacing Arctic foxes to
den sites that are farther away from those resources.
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DISCUSSION

Hersteinsson and MacDonald (1992) suggested that the
northern limit of the red fox’s geographic range was deter-
mined by food availability, while the southern limit of the
Arctic fox’s range was determined by the distribution and
abundance of red foxes. Burgess (2000) noted that the range
of red foxes was limited by the generally low primary and
secondary productivity of the wet coastal tundra around the
oilfields; but he also noted that in more productive riparian
habitats along the Colville and Sagavanirktok Rivers, red
foxes could be found as far north as the Beaufort Sea coast.

In addition to the data we have collected in the oilfields,
additional anecdotal information on the shift in predomi-
nance from Arctic foxes to red foxes is available from
long-term oilfield personnel. Many of these field opera-
tors have told us that in the past they rarely saw red foxes
in the field, whereas now they see many red foxes and very
few Arctic foxes. Because many fox dens are near drilling
pads and processing facilities, operators typically are well
aware of active dens and fox activity near their work areas.
The apparent dominance of red foxes in recent years may
be exaggerated by their tendency to den closer to facilities,
compared to Arctic foxes.

The presence of red foxes on the both the Colville and
Sagavanirktok river deltas in the early 1990s (ABR, unpubl.
data) suggests that the recent dispersal of red foxes may
have occurred from these habitats into the adjacent coastal
plain tundra in the oilfield industrial area. The ability of red
foxes to remain in the less productive habitat suggests that
additional resources are available to support them. There
is no evidence to suggest, however, that natural fox foods
(small mammals, nesting birds, and carrion) have increased
in abundance. Anecdotal evidence (Wildlife Conserva-
tion Society, unpubl. data) confirms that lemming popula-
tions have completed some cycles of abundance during the
study, and fox breeding appears to be correlated with lem-
ming abundance to some degree, but no quantitative data
are available on small mammal populations. Two studies in
the Alaskan Arctic prior to the 1980s indicated some differ-
ences in fox diets depending on proximity to human activ-
ity (Eberhardt, 1977; Garrott, 1980). While both studies
found that small mammal and birds (including eggs) were
the primary foods for foxes, Eberhardt’s work within the
oilfields and near pipeline camps found that garbage was
used by both species of foxes. Garrott’s study included only
Arctic foxes on the Colville River delta, which was then
remote from industrial development. He did not find any
garbage in his diet analysis.

More recent information suggests that access to anthro-
pogenic food sources affects the density of foxes in the oil-
field industrial area in all seasons, but especially through
the critical winter months. Arctic foxes are known to be
attracted to and tolerant of human activity, particularly
in the oilfields, where they are rarely harassed (Burgess,
2000). Habituated Arctic foxes readily consume refuse and
handouts and use artificial structures as dens. Although

efforts since the early years of the oilfield have reduced
access to anthropogenic food somewhat, it is still avail-
able. Telemetry studies done in 2004—06 and 2009 demon-
strated very low winter movement rates and high densities
of habituated Arctic foxes in the oilfields (Pamperin, 2008;
Lehner, 2012). Discussions with oilfield personnel suggest
that red foxes are similarly tolerant and readily habitu-
ated. Research recently completed through the University
of Alaska Fairbanks, which used stable isotopes to look at
the diet of both Arctic and red foxes in the oilfields, should
contribute more information on the use of anthropogenic
food sources in the winter, but the study confirmed that
red foxes, as well as Arctic foxes, remained in the oilfields
in the winter and spring months (G. Savory, pers. comm.
2013). In Fennoscandia, a study indicated that red foxes
inland from the coast relied on reindeer carcasses (consid-
ered a human-induced subsidy) during the low phase in the
lemming cycle, which helped maintain the red fox presence
in the area (Killengreen et al., 2011).

Experiments done by Rudzinski et al. (1982) demon-
strated that when they shared a pen, red foxes displaced
Arctic foxes from denning sites and preferred foraging
areas. Extensive studies in Fennoscandia, where the Arctic
fox population is now considered to be at critically low lev-
els (IUCN, 2013), have identified interference competition
with red foxes as a primary mechanism preventing popula-
tion recovery (Dalerum et al., 2002; Elmhagen et al., 2002;
Tannerfeldt et al., 2002; Frafjord, 2003; Selds and Vik,
2006; Killengreen et al., 2007; Shirley et al., 2009; Herfin-
dal et al., 2010; Angerbjorn et al., 2013; Hamel et al., 2013).
Responses of Arctic foxes to red foxes include avoidance
(Rudzinski et al., 1982; Schamel and Tracy, 1986; Frafjord
et al., 1989; Selas et al., 2010) and den abandonment (Rod-
nikova et al., 2011). Frafjord et al. (1989) reported red foxes
killing an Arctic fox at a caribou carcass site, and Pamperin
et al. (2006) reported an instance of red fox predation on an
Arctic fox adult within the oilfields. In our study, it was not
uncommon to find dead Arctic fox pups as prey remains at
red fox dens (as seen at five dens), or to see red fox adults
bringing dead Arctic fox pups back to the den (Fig. 3). The
threat to pup survival, along with interference competition,
may be influencing the increasing distances of Arctic fox-
occupied dens from oilfield infrastructure, where red foxes
now are dominant.

Hersteinsson and MacDonald (1992), as well as Fuglei
and Ims (2008), predicted that over time, global warming
and associated increases in primary and secondary pro-
ductivity throughout the Arctic would negatively affect
Arctic foxes. First, these changes would decrease the lem-
ming prey base on which mainland Arctic foxes depend.
Second, they would allow the intrusion of more domi-
nant predators such as the red fox, which has greater food
requirements and would benefit from higher plant produc-
tivity and the resultant, more diverse herbivore prey base.
As this prey base could potentially include animals that are
less preferred by Arctic foxes or larger than they can eas-
ily capture, the red fox would gain a competitive advantage.



FIG. 3. A female red fox carrying an Arctic fox pup to her den as prey.

However, the review by Gallant et al. (2012) of 40 years of
fox surveys, in a northern Yukon region with few anthropo-
genic sources of food, found that although red foxes were
present, they had not been able to exclude the still dominant
Arctic fox. The authors suggested that climate change had
not yet overcome the effect of food limitation on foxes in
their study area.

Our study was limited to a small segment of the Arctic
Coastal Plain of Alaska, within 2 km of the road system
within the oilfields. It is unknown whether or not red foxes
are increasing in abundance in other areas of the Arctic
Coastal Plain, where roads and industrial development are
lacking and where anthropogenic food sources are much
less available. However, within our area, it is clear that red
foxes are increasing their distribution into areas where they
did not exist 20 to 30 years ago and are displacing Arctic
foxes around facilities. It is likely that this trend will con-
tinue elsewhere on the Arctic Coastal Plain, although the
shift may be slower in areas farther away from human
activity and infrastructure.
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