EXAMINATION OF FOX DISTRIBUTION PATTERNS

1993 INTERNAL REPORT

LGL ALASKA RESEARCH ASSOCIATES
4175 Tudor Centre Drive, Suite 101
Anchorage, Alaska 99508

for

BP EXPLORATION (ALASKA) INC.
900 E. Benson Boulevard
Anchorage, Alaska 99503

April 27, 1994



EXAMINATION OF FOX DISTRIBUTION PATTERNS

1993 INTERNAL REPORT

Robert Rodrigues
Ronald O. Skoog
and
Robert H. Pollard

LGL ALASKA RESEARCH ASSOCIATES

4175 Tudor Centre Drive, Suite 101
Anchorage, Alaska 99508

for

BP EXPLORATION (ALASKA) INC.
900 E. Benson Boulevard
Anchorage, Alaska 99503

April 27,1994



EXECUTIVE SUMMARY

Research conducted in the Prudhoe Bay, Alaska, area in the 1970s suggested that
the Arctic fox population may benefit from the presence of oil field development. An
artificial food source (principally, garbage) and artificial den sites in developed areas
may contribute to increased numbers of foxes. A large fox population may result in
increased predation on tundra nesting birds, and could pose a health threat to oil field

workers and other wildlife because of the possibility of rabies and other diseases.

The most important step to ensure a naturally variable Arctic fox population is to
eliminate artificial food sources available to foxes. This can be accomplished by
managing food wastes so they are not available to foxes and other wildlife (e.g., grizzly
bears, polar bears, ravens, gulls) and by educating oil field workers about problems
associated with feeding foxes. Direct control of Arctic fox by removal (trapping, etc.)
would be effective, but would likely provide only a short—term solution. Other options,
such as translocation of foxes outside the Prudhoe Bay area, the use of contraceptives to
reduce fox productivity, and the use of an oral vaccine to reduce the threat of rabies,

may be less effective and require further study.
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EXAMINATION OF FOX DISTRIBUTION PATTERNS

Several researchers have suggested that Arctic fox populations may be artificially
high in the Prudhoe Bay oil field (PBOF) area due to benefits derived from artificial
food sources (Fberhardt 1977; Fine 1980; Eberhardt et al. 1982; 1983a, b; Burgess et al.
1993). Artificial food, which provides an abundant and consistent food supply for
Arctic fox, tends to supplement the often irregular supply of natural food which, under
normal circumstances, probably acts to control fox numbers (Macpherson 1969, Speller
1972). Current problems related to the presence of Arctic fox in the Prudhoe Bay area
are the predation of nests of many bird species, and an apparent increase in the number
of individuals or groups of foxes habituated to humans and human activity. This
increased contact between foxes and humans creates a safety issue because of the
potential threat to humans should a rabies epizootic occur in the local fox population.
To assess these problem areas, it is necessary to identify areas of fox concentrations, to
identify resources which are available and beneficial to foxes, and to identify the extent

to which these resources are used by local foxes.
Methods

Information was gathered in several ways to identify problem areas caused by
the presence of Arctic fox. Dumpsters, garbage cans, and other oil field facilities were
observed to determine the extent of fox use of these sites and to identif\ areas of fox
concentration. Additional observations were made opportunistically during road
surveys or at any other times that foxes were located. When possible, foxes moving
along the road system were followed to determine how far individuals range and how
they use the oil field. Information recorded included date, time of day, type of
behavior, duration of activity, and number of foxes (adults and pups). For foxes which

had been marked the previous year (Burgess et al. 1993), an effort was made to identify



color combinations of neck collars and ear tags and to record any ear tag numbers.
Conversations with oil field workers and other environmental scientists also identified
problem areas associated with Arctic fox. This information was used to identify options

for reducing human/fox interaction (Management Options, this report).
Results
Artificial Food Sources and Availability of Artificial Dens

Two features of the developed portions of the oil field seem to attract Arctic fox.
Both the presence of artificial food sources and the availability of artificial den sites tend

to cause foxes to congregate in developed areas.

Qil field dumpsters and garbage cans provide some Arctic fox with an extra food
supply beyond that which occurs naturally on tundra habitats. Numerous observations
of unmarked adults and pups were made at dumpsters, garbage cans, and in and
around various oil field facilities. Additionally, at least five marked adult foxes were

observed at the gravel pad supporting BPX's Base Operations Center (BOC).

The pad at the BOC also supported at least 11 fox pups which used two artificial
dens located on the pad. There were frequent observations of these pups being fed
artificial food (from dumpsters) and natural prey items by two marked adults. It is
believed that these pups were whelped in den 52 located on the tundra west of
Gathering Center 3 (GC-3), and later moved approximately 1 km north to a utilidor
(artificial den 126) located near the dumpster behind the kitchen of the BOC. Pups were
first observed at the utilidor on 4 July when eight were present with a marked adult.
They were often observed scavenging at the base of the dumpster. By mid-July, the
pups were observed ranging to most other areas of the pad, but continued to use the

utilidor at least until we departed Prudhoe Bay on 4 August.



Four pups, believed to be from the same litter, were frequently observed in
another artificial den (den 141) located on the east side of the pad. These pups were fed
by at least one of the same adults associated with the pups at the utilidor. These two
adults were also observed several times at den 52. On 21 July, six pups were present at
den 126, four at den 141, one near the operations warehouse, and two were known to
still be present at den 52. Thus, we felt that at least 13 pups had been whelped at den

52.

Foxes gain access to dumpsters by climbing or jumping up the sides of these
open containers. When several dumpsters are placed side by side, foxes may jump from
one container to the next. Foxes may also gain access to dumpsters when there are
holes in the dumpster near the bottom, or when the container door, which is hinged at

the top, is pushed open slightly at the bottom by the garbage inside.

An unmarked adult was frequently observed bringing food (natural and
artificial) to six pups under a trailer on a small pad west of Santa Fe Pad (den 136),
approximately 2 km northwest of the BOC. These pups were later moved to another
artificial den (den 137) located a short distance away between Santa Fe Pad and
Gathering Center 1 (GC-1). On 29 June, the adult was observed bringing a brown paper
bag to one pup at den 136. The adult then entered an open door of a building on Santa
Fe Pad and brought food from the building to five pups at den 137. This adult returned
to the building several more times, each time returning to den 137 with more artificial
food for the pups. Eventually, these pups began to leave the immediate area of the two
artificial dens and were observed daily on other portions of Santa Fe Pad. They would
often be seen at the base of dumpsters where they could find food scraps, some of

which had been tossed out by gulls.



Foxes were also observed at dumpsters on pads which had rigs and camps.
These pads typically have small camps which house drilling personnel. Four pups were
frequently observed at an artificial den (den 139) on one of these pads (U-Pad). At least
some of these pups could be enticed to approach vehicles, and it is suspected that they

had probably been habituated by feeding from oil field workers.

On 13 July, an adult fox was observed opening lunch bags located on a small.
flatbed trailer on K-Pad. The lunch bags belonged to workers who were on the tundra

approximately 100 to 200 m away.

On several occasions, foxes were observed at night entering the open doors of
buses parked adjacent to Annex 3. During the mornings and evenings, these buses
bring workers to and from various work places in the oil field. Foxes were attracted to
these buses by the presence of food remains left by the workers. On several occasions,
foxes also were observed in the beds of pickup trucks parked overnight near the BOC,

presumably looking for scraps from lunch bags.

In addition to obtaining food from dumpsters, open buildings, or
opportunistically from unsuspecting oil field workers, Arctic fox probably obtain food
by direct feeding from field personnel. On several occasions, oil field workers were
observed feeding foxes. The fact that foxes in all parts of the field can often be enticed
to approach and wait patiently by whistling or rustling a paper bag strongly suggests

that feeding by oil field workers may be widespread.
Movement of Individual Arctic Fox Within the PBOF

By recording the color combinations of neck collars and ear tags and the numbers
on ear tags of marked foxes, we were able to document the movements of some

individuals in the oil field. Color combinations were relatively easy to record, but



numbers on ear tags were small and difficult to see unless foxes were at close range and

stationary.

The most frequently recorded marked foxes were the pair of adults observed
feeding pups at various locations near the BOC. Both of these individuals were also
observed bringing food to pups or acting territorial at den 52. It should be noted that
two other marked adults were also observed at den 52. These foxes were not observed
feeding or interacting with pups at the den. Eberhardt et al. (1983a) also observed more
than two adults at some dens, and attributed this to site fidelity for a specific den or

home range.

Another adult fox observed near the BOC was observed with pups at three
artificial dens. These were den 110 on A-Pad, approximately 4 km southwest of the
BOC; den 135 on X-Pad, approximately 5.5 km south of the BOC; and den 130,
approximately 1 km east of A-Pad. No other marked foxes observed at the BOC were

observed at any great distances from the BOC.

A marked adult fox observed on W-Pad was subsequently observed with three
pups on S5~Pad, approximately 6.5 km to the north. Another marked fox in this area,
observed at a culvert south of 5-Pad, was later seen south of the Spine Road,

approximately 5 km.

On two occasions, an unmarked adult, possibly the same individual, was
followed and observed moving significant distances. On 6 July, an adult was observed
at den 43 in the Kuparuk River drainage near the Spine Road. The adult left the den
and was followed by one of two pups at the den. The two foxes followed the Spine
Road east across the Kuparuk River and turned south on the access road toward Service
City. They eventually crossed the tundra to den 23, west of N-Pad, where the adult and

pup were greeted by six other pups. Prior to this time, den 23 had been inactive. This



observation represents movement of pups from a natal den (den 43) to a secondary den

(den 23). The total distance traveled was approximately 5 km.

On 12 July, possibly the same adult was observed on the Spine Road near GC-1
with what appeared to be a dinner roll in its mouth. The fox traveled generally north
and west along the Spine Road to the turnoff for N-Pad, at which point it moved across
the tundra and delivered the food to pups at artificial den 132, a culvert located
approximately 1 km north of den 23. During the next half hour the adult and pups
moved south to den 23 and were joined by a second adult. The total distance traveled
by the first adult from GC-1 to den 132, where pups were first encountered, was
approximately 9.5 km. If we assume that this journey began at one of the dumpsters
near the BOC, the closest place where the fox could likely have acquired the dinner roll,
the total distance traveled from the food source to the pups would approach 12 km. If
this movement and use of artificial food is representative of other foxes in the area, the
sources of artificial food available in PBOF could have a significant effect on the fox

population by enhancing productivity and survival of fox pups.
Discussion

Other workers have also noted the use of artificial foods and dens by Arctic fox.
Fine (1980) found garbage in 26 percent of the fox scats that he analyzed in his study
area in the PBOF. He also reported foxes receiving handouts from oil field workers. He
suggested that processed food was highly digestible and left fewer remains in scats than
natural foods, and felt that garbage was used more extensively than his scat analysis
indicated. Fine also estimated that more foxes were present in the Prudhoe Bay area
during the winter than the summer due to the availability of artificial foods. The

occurrence of garbage in scats collected in the Prudhoe Bay arvea by Garrott et al. (1983)
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was only 6 percent, but they also felt that the use of garbage by foxes was more

extensive than this figure indicated.

Eberhardt (1977), while studying Arctic and red foxes at Prudhoe Bay and at
construction camps along the Trans-Alaska Pipeline corridor, reported that foxes were
attracted to camps by the availability of artificial food at garbage dumps and handouts
from workers. He also reported that foxes use areas underneath buildings during the
winter for shelter, and what appeared to be foxes begging for food by standing on the
road waiting for approaching vehicles to stop. Eberhardt et al. (1982) stated that foxes
used oil-developed areas for feeding, denning, and resting, and that use of these sites

became more common late in the rearing season as juveniles became more mobile.

Urquhart (1973), while studying Arctic fox on Banks Island in the Canadian
Arctic, found that foxes were attracted to seismic camps and staging areas by the
availability of food in the forms of garbage, sewage, handouts, frozen food stored under
trailers, and the presence of permanent shelters. The number of foxes was highest
during the fall and early winter and decreased by January and February. This would
correspond to the period after the denning season when juvenile foxes become more

mobile.

The availability of artificial dens in the PBOF provides Arctic fox with a great
number of possible den sites, many of which are located close to food sources. These
artificial dens may be preferred to natural dens by foxes, in some cases, because they are
inaccessible to predators, such as the brown bear (Ursus arcios). Brown bears dug up
several natural dens during this study and are known to be predators of Arctic fox
(Garrott and Eberhardt 1982, Burgess et al. 1993). As pointed out by Garrott et al.
(1983), the availability of artificial dens and food in developed areas may affect the

survival, reproduction, and disease transmission in local populations of Arctic fox.



Conclusions

In the PBOF, Arctic fox supplement their food supply by visiting dumpsters, and
by opportunistically entering open doors of buildings, buses or any other area where
food scraps may be available. Dumpsters supply artificial food for foxes with dens in
the immediate area, and also for foxes with den sites at greater distances. One fox was
observed bringing artificial food to pups at a den which was probably 12 km from the
food source. Foxes also get handouts from oil field personnel. This practice may be
widespread since foxes in all parts of the oil field seem to be habituated to humans and

will wait next to a parked vehicle as if expecting a handout.

In addition to the artificial food supply, foxes also benefit from the presence of
culverts, pipes, crawl spaces, utilidors, and the undersides of buildings and trailers,
which provide artificial den sites. Artificial den sites are not only close to artificial food
sources, but also may afford more protection from predators, such as brown bears, than

natural den sites.

It is likely that the Arctic fox population in the PBOF may be artificially high.
The presence of a high number of foxes in developed areas creates a safety issue related
to the potential threat of exposure of oil field personnel to rabies. Furthermore, the
presence of high numbers of foxes may have an adverse effect on tundra nesting bird

populations, particularly waterfowl.



MANAGEMENT OPTIONS

Though not conclusive, investigations in the Prudhoe Bay region have suggested
that Arctic fox populations may be existing at higher levels than would occur naturally
in the absence of the oil field and related development (Eberhardt 1977; Fine 1980;
Eberhardt et al. 1982; Eberhardt et al. 1983a, b; Garrott et al. 1983; Burgess et al. 1993).
These studies indicate that the presence of an abundant artificial food source (various
garbage sources and direct feeding by oil field personnel) and the availability of
numerous artificial sites suitable for denning are responsible for these higher fox
numbers. Our study indicates that the Arctic fox population in PBOF has been stable
for the past two seasons, and use of artificial food and artificial denning sites is
extensive. The lack of any pre-development data precludes drawing definite

conclusions regarding the effect of the oil field on the fox population.

However, Arctic fox are conspicuous around some oil field facilities and are
obviously attracted to these sites. Large numbers of foxes near oil field facilities are
undesirable, not only from the standpoint of potential risk of exposure of oil field
workers to rabies, but also because of potential increased predation on prey species
(particularly certain high profile bird species) which could occur if fox populations were

artificially high.

Based on the current available information, the development of a management
plan to reduce the number of human/Arctic fox interactions near oil field facilities
seems warranted. Whether or not actual fox control measures should be conducted in
PBOF needs to be determined after further discussion and consideration. If fox
populations are artificially high in PBOF, reducing the factors which attract foxes to oil
field facilities, or eliminating fox use at certain sites entirely, may be sufficient for

controlling the fox population.



The following options are designed to reduce or eliminate fox use of oil field
facilities. Without the beneficial effects of oil field facilities, fox populations, if
artificially high, should return to natural levels in a short time. Some options have a
higher priority than others. We believe the first two options, dealing with the
elimination of artificial food sources, are the most important. Other options will be
useful to a lesser extent; and some may be impractical, either logistically or

technologically. In all cases, Alaska Department of Fish and Game sanction is needed.

Option 1: Elimination of artificial food sources. The use of dumpsters as a

food source is one of the prime fox attractants to oil field facilities. Foxes gain access to
dumpsters in three ways: 1) through the open tops of the containers; 2) through holes
worn through sides of dumpsters near the bottom; and, 3) through doors, which are
hinged at the top, being pushed open near the bottom by the weight of garbage inside

the container.

Dumpsters should be covered, thus eliminating fox access from above.
Containers should also be periodically maintained by repairing holes which allow fox
access. When dumpsters are emptied, workers should make certain that doors are
completely closed and secured. In lieu of these measures, dumpsters could be enclosed

in fenced areas which would not permit fox access.

During the current study, few foxes were observed at the North Slope Borough
landfill, although fox use of garbage dumps has been noted by other workers
{Eberhardt 1977, Fine 1980). At this time, it is unclear how extensively foxes use the
North Slope Borough garbage disposal site. This landfill site is to be closed a.nd the new

location managed to minimize access by foxes, bears, and gulls.

Qur observations indicate that foxes will enter buildings, buses, and beds of

pickup trucks in search of food, and will grab unattended lunch bags or other food
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sources whenever possible. Oil field personnel can solve these problems by securing
doors to buildings and buses, and by placing lunches and other food sources in
Jocations not accessible to foxes or using bear/fox—proof containers. Information on
how to address this problem could be included in the educational program suggested

for Option 2 (below).

Option 2. Elimination of direct feeding of foxes by oil field workers. The
practice of feeding foxes is probably widespread and has been noted by others
(Urquhart 1973, Eberhardt 1977, Fine 1980, Garrott et al. 1983). It is likely that many oil
field personnel are unaware of the potential negative impacts they may cause to tundra

nesting bird species, or the potential health risk that foxes pose to humans.

The environmental training given to all field personnel (employee and contract)
should be augmented to stress the importance of maintaining fox and other wildlife
populations at natural levels. In addition, oil company policies prohibiting feeding

wildlife should be widely disseminated and enforced.

Option 3. Flimination of fox use of artificial den sites. Arctic fox use culverts,

pipes, crawl spaces, utilidors, trailers, and buildings as secondary dens. Because of the
large number of potential artificial den sites, it may be impractical to try to exclude
foxes from all available areas. However, it may be practical to exclude foxes from
artificial dens which are used repeatedly, such as the utilidor near the BOC. Because of
the variety of structure types used as artificial dens, methods to deter fox use of specific
dens may require site-specific solutions. One method for excluding foxes from artificial

dens is discussed briefly in Option 7 (below).

Option 4. Direct control measures to decrease the number of foxes. Direct

control measures (i.e., removal by trapping) have proven successful for controlling

Arctic fox in the past (Anthony et al. 1991). However, direct control measures can be
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costly (Steck et al. 1982). Should a rabies outbreak occur in the PBOF fox population,

direct control probably would be necessary to protect oil field workers.

Option 5. Capture and relocation of foxes to areas outside of the Prudhoe Bay

region. Arctic fox, especially habituated ones, are easily captured (Burgess et al. 1993)
and the relocation of captured foxes is not difficult. However, there are some problems
associated with this option. Careful study in selecting areas for fox relocation would be
required to minimize impacts in those areas. Also, Arctic fox are migratory at certain
times of the year and may travel great distances (Chesemore 1967, Northcott 1975,
Wrigley and Hatch 1976, Eberhardt and Hanson 1978). Relocating Arctic fox to other
areas may be impractical, since many of the relocated foxes probably would return to
Prudhoe Bay. Because of the large numbers of foxes involved, it may also be

economically impractical to remove and relocate Arctic fox.

Option 6. Use of contraceptives to reduce fox productivity. Because of possible
public or agency opposition to removal of Arctic fox by trapping, and because of
potential hazards related to some methods of fox removal (i.e., poisoning), the use of
oral contraceptives may be a feasible method to control fox populations. Experiments
using diethylstilbestrol (DES) to reduce reproductive performance in foxes and other
animals have produced conflicting results. Linhart and Evans (1964) reported that
captive female red foxes failed to produce kits when they were fed DES between nine
days prior to and ten days after mating. Travis and Schaible (1962) reported an almost
complete failure of normal reproductive processes in mink when DES had been
ingested after implantation. However, Allen (1982) noted statistically insignificant
DES-related changes in reproductive performance in free-ranging red foxes that had
ingested DES at rates 2 70%. The positive results of some studies provide incentive for
further studies, but alternative compounds and delivery systems should be considered.

Timing and effective delivery methods for Arctic foxes still need to be determined.
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Option 8. Aversive conditioning. Aversive conditioning has been studied as a

tool to control some types of predation by treating food which mimics natural prey with
distasteful chemicals. Predators that eat treated food develop a taste aversion which
they associate with a particular prey and, subsequently, avoid that prey. In a
controversial experiment, Gustavson et al. (1974) reported that, after eating treated
rabbit and sheep meat, coyotes developed an aversion to these prey species. In a more
recent study, Conover (1990) treated chicken eggs with a distasteful chemical and found
that raccoons, possums, and skunks developed a conditioned aversion response. He felt
that, from a management standpoint, it might be possible to reduce mammalian
predation on bird eggs by placing treated eggs into the environment before the onset of
the laying season. Nicolaus (1987) found that various predators (mainly ravens)

developed a taste aversion to eggs after exposure to treated crane eggs.

Using taste aversion to discourage foxes from using artificial foods may have
some practical application. There are relatively few primary sources of artificial food
(i.e., dumpsters) and these could be easily baited with treated artificial food. To deter
foxes from accepting handouts from workers, foxes could also be fed treated artificial

food from vehicles.

Other types of adversive conditioning have been used for many years in the
training of domesticated animals, and as a deterrent to exclude wild animals from
certain areas. Devices such as electrical shock collars, electrical fences, and cattle prods
have been used as negative reinforcement during animal training sessions. In bush
camps in Alaska, shotguns loaded with bird shot have often been used to drive bears
away from garbage areas, cook tents, or other camp locations. Varying degrees of
success have been achieved, particularly with respect to the use of adversive
conditioning on wild animals. Bears are often only temporarily frightened by the noise

and sting of bird shot and frequently return in a short time.
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In PBOF, foxes have become habituated to humans and show little fear of man.
They are accustomed to the loud noises of trucks, generators, and other oil field
equipment and would probably not be easily frightened by loud noises. The large

number of individual foxes also means that negative reinforcement is like to be difficult.

Option 8. Use of an eral vaccine to reduce rabies threat. Captive Arctic and red

foxes have been successfully immunized against rabies with the use of oral vaccines,
although it has been suggested that more studies be conducted before any effort is
made to control rabies in wild fox populations (Winkler and Baer 1976, Follmann et al.
1988). Since a live virus vaccine is used, its affect on potential non-target species and
the affect of multiple ingestions over a short period of time should be determined. Steck
et al. (1982) reported that, during field studies in Switzerland, an oral vaccine
administered in chicken heads seemed to "freeze” any progression of the disease and
was more cost effective than other methods of control. An oral vaccination program in
Ontario successfully delivered bat to 70% of free-ranging foxes; however, bait success
and effective vaccination are not synonymous. Control of rabies by vaccination of
wildlife is dependent upon several factors including efficacy of the vaccine, immunity
rate required to prevent the spread of rabies, economic limitations of the control

program, and population dynamics (Voight et al. 1985).

The use of an oral vaccine may have promise in the future as a means of
preventing rabies epizootics and minimizing the threat of rabies to humans. Whether or
not this is a sound management practice for the Prudhoe Bay area at this time is unclear.
Vaccination of Arctic fox for rabies could strengthen the population and cause fox -
numbers (in a population already considered artificially high by some) to increase. The
rabies virus occurs naturally in Arctic fox and may be an important factor in population

control.
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Conclusions

The reduction or elimination of artificial food sources as outlined in options 1
and 2 appear to be the most appropriate first step in solving problems associated with
Arctic fox in the Prudhoe Bay area. These are probably the easiest and most cost
effective options to implement. By eliminating these food sources, foxes will have to
depend solely on natural food sources for survival. If the Prudhoe Bay fox population
is artificially high, and if the available artificial food does dampen population
fluctuations, reliance solely on natural food supplies should restore natural population

fluctuations and reduce the population to pre-development levels.

Some options may be impractical for large scale application. The large number
of potential artificial den sites make Option 3 (eliminating fox use of artificial dens)
difficult to implement except on a site-specific basis, and difficulties associated with
relocating large numbers of foxes to new areas make Option 5 impractical. Because of
adverse public opinion and lack of information concerning the local population

dynamics, Option 4 (permanent removal of foxes by trapping, etc.) may be premature.

Options 6 (the use of oral contraceptives) and § (the use of oral rabies vaccine)
may be potential solutions, but further research in these areas is recommended prior to
large scale implementation of these options. Pilot studies investigating the use and
affects of contraceptive drugs and rabies vaccines may be warranted. Similarly, pilot
studies investigating the effectiveness of chemicals which produce taste aversions

{Option 7) may be appropriate.

The implementation of any single option is not likely to eliminate fox use of oil
field facilities; but a sound management plan, based on a combination of these options,

should help to reduce or even eliminate fox problems.

15



ACKNOWLEDGMENTS

This study was funded by BP Exploration (Alaska) Inc. We would like to thank
Dr. Chris Herlugson (Supervisor of Environmental Assessment for BPX's
Environmental & Regulatory Affairs Department) for his promotion and support of this
project. We would also like to thank Michelle Gilders and Chad Nall of BPX who
helped us with logistical support during the field season. Dan Watters provided us
with maps of the study area. Additional thanks go to Warren Ballard, Virginia
Hanebuth, Scott Mignery, Paddy Murphy, and Barbara Pierson for their help in the
field. Other field biologists, including Ken Kertell, John Luginbuhl, Jay McKendrick,
Dave Rudholm, Danny Taylor, and Nils Warnock supplied us with further data on
sitings of marked foxes and fox den locations. A number of oil field personnel also
supplied us with their fox observations. Audrey Bishop helped with report production,
and Lynn Noel prepared the maps. Dr. Matt Cronin provided guidance and assistance

through all aspects of the study.

16



LITERATURE CITED

Allen, S.H. 1982. Bait consumption and diethylstilbestrol influence on North Dakota
red fox reproductive performance. Wildl. Soc. Bull. 10:370-374.

Anthony, RM., P.L. Flint, and ]J. Sedinger. 1991. Arctic fox removal improves nest
success of Black Brant. Wildl. Soc. Bull. 19:176-184.

Burgess, RM., ].R. Rose, P.W. Banyas, and B.E. Lawhead. 1993. Arctic fox studies in the
Prudhoe Bay Unit and adjacent undeveloped areas, 1992. Report prepared for BP
Exploration (Alaska), Inc., by Alaska Biological Research, Inc., Fairbanks, AK. 33pp.

Chesemore, D.L. 1967. Ecology of the Arctic fox in northern and western Alaska. M.S.
thesis, Univ. of Alaska, Fairbanks, AK. 148pp.

Conover, M.R. 1990. Reducing mammalian predation on eggs by using a conditioned
taste aversion to deceive predators. ]. Wildl. Manage. 54:360-365.

Eberhardt, W.L. 1977. The biology of Arctic and red foxes on the North Slope. M.S.
thesis, Univ. of Alaska, Fairbanks, AK. 125pp.

Eberhardt, L.E.,, and W.C. Hanson. 1978. Long-distance movements of Arctic foxes
tagged in northern Alaska. Can. Field-Nat. 92:386-389.

Eberhardt, L.E., R.A. Garrott, and W.C. Hanson. 1983a. Den use by Arctic foxes in
northern Alaska. |. Mamm. 64:97-102.

Eberhardt, L.E., R.A. Garrott, and W.C. Hanson. 1983b. Winter movements of Arctic
foxes, Alopex lagopus, in a petroleum development area. Can. Field~Nat. 97:66-70.

Eberhardt, L.E., W.C. Hanson, ].L. Bengtson, R.A. Garrott, and E.E. Hanson. 1982. Arctic
fox home range characteristics in an oil-development area. J. Wildl. Manage.
46:183-190.

.Fine, H. 1980. Ecology of Arctic foxes at Prudhoe Bay, Alaska. M.S. thesis, Univ. of
Alaska, Fairbanks, AK. 76pp.

Follmann, E.H., D.R. Ritter, and G.M. Baer. 1988. Immunization of Arctic foxes (Alopex
lagopus) with oral rabies vaccine. ]. Wildl. Diseases 24:477-483.

17



Gustavson, C.R., J. Garcia, W.G. Hankins, and K.W. Rusiniak. 1974. Coyote predation
control by adverse condilioning. Science 184:581-583.

Garrott, R.A., and L.E. Eberhardt. 1982. Mortality of Arctic fox pups in northern
Alaska. ]J. Mamm. 63:173-174.

Garrott, R.A., L.E. Eberhardt, and W.C. Hanson. 1983. Summer food habits of juvenile
Arctic foxes in northern Alaska. J. Wildl. Manage. 47:540-544.

Linhart, S.B., and R.X. Evans. 1964. Some effects of diethylstilbestrol on reproduction
in captive red foxes. J. Wildl. Manage. 28:358-363.

Macpherson, A H. 1969. The dynamics of Canadian Arctic fox populations. Can.
Wildl. Serv. Rep. Ser., No. 8. 52pp.

Nicolaus, L.K. 1987. Conditioned aversions in a guild of egg predators: implications for
aposematism and prey defense mimicry. Am. Midl. Nat. 117:405-419.

Northcott, T. 1975. Long-distance movement of an Arctic fox in Newfoundland. Can.
Field—Nat. 89:464~465.

Speller, S.W. 1972. Food ecology and hunting behavior of denning Arctic foxes at
Aberdeen Lake, NWT. Ph. D. thesis, Univ. Saskatchewan, Saskatoon. 145pp.

Steck, F.A., P. Bichsel, S. Capt, and L Schneider. 1982. Oral immunization of foxes
against rabies. A field study. Zentralblatt fuer Veterinaermedizin Reihe B 29:372—
396.

Travis, HF,, and P.J. Schaible. 1962. Effects of diethylstilbestrol fed periodically during
gestation to female mink upon reproductive and kit performance. Am. J. Vet. Res.
23:359-361.

Urquhart, D.R. 1973. Oil exploration and Banks Island wildlife: a guideline for the
preservation of caribou, musk ox, and Arctic fox populations on Banks Island,
NWT. Game Management Division Report, Government of the Northwest
Territories. 105pp.

18



Voight, D.R., R.R. Tinline, and L.}H. Broekhoven. 1985. A spatial simulation model for
rabies control. Chapter 13, pp. 311-349, in: P.J. Bacon, editor. Population Dynamics
of Rabies in Wildlife. Academic Press, Inc. London, England.

Winkler, W.G., and G.M. Baer. 1976. Rabies immunization of red foxes (Vulpes fulva)
with vaccine in sausage baits. Am. J. of Epid. 103:408-415.

Wrigley, RE., and D.R.M. Hatch. 1976. Arctic fox migrations in Manitoba. Arctic
29:147-158.

19



