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ABSTRACT

Since wolves (Canis lupus) were reintroduced into Yellowstone National Park (YNP) in 1995 and
1996, the population has increased and expanded into adjacent areas. In this study, we documented
the distribution of wolves in relation to habitat and human presence in the Absaroka-Beartooth
Wilderness (ABW) in Montana during the summers of 2005 and 2006, prior to the onset of wolf
hunting in 2009, by observing tracks and scat along USDA Forest Service (USFS) trails. Our
results indicated that wolves in the ABW 1) were primarily located near the boundary of YNP, 2)
did not prefer forested habitats when traveling on trails, 3) did not avoid USFS cabins or outfitter

camps, and 4) did not differentiate between permanent cabins and temporary camps.
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INTRODUCTION

Historically, the gray wolf (Canis lupus)
was persecuted intensively by European
settlers in North America (Bangs and Fritts
1996). In 1884, the Territorial Government
of Montana initiated wolf bounties as part of
an official eradication effort (USDI Fish and
Wildlife Service et al. 2006). The last known
wolf in Yellowstone National Park (YNP)
was shot in 1926 (Smith 2005), and by the
1930s wolf populations had disappeared
from Montana, Idaho, and Wyoming (Bangs
and Fritts 1996). It was protected by law in
1974 under the federal Endangered Species
Act of 1973 (Smith 2005, USDI Fish and
Wildlife Service et al. 2006).

Wolves were reintroduced into YNP
in 1995 as a nonessential experimental
population, i.e., not essential for the survival
of the species, so it could be managed
with more flexibility (USDI Fish and
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Wildlife Service et al. 2006). A total of

31 wolves were captured in Alberta and
British Columbia, Canada, and released into
YNP in 1995 and 1996 (Smith 2005). At
the end of 2006, an estimated 390 wolves
were in the Greater Yellowstone Recovery
Area (USDI Fish and Wildlife Service et

al. 2007). This population of wolves in
Montana was removed from the protection
of the Endangered Species Act on 4 May
2009, and the State of Montana began a
quota-regulated hunting season in the fall of
2009. With the August 5, 2010 federal court
decision that reinstated Endangerd Species
Act protection for wolves in the Northern
Rocky Mountains, federal law again guides
Montana's managment of the state's wolf
population.

Key components of wolf habitat
include access to sufficient prey throughout
the year, suitable and somewhat secluded
denning and rendezvous sites, and sufficient
space with minimal exposure to humans
(USDI Fish and Wildlife Service 1987).
Wolves use many different types of habitat,
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including nonforested areas such as deserts,
prairies, swamps and tundra (Fuller et al.
2003). They are still found in open habitats,
for instance in Spain (Fritts et al. 2003,
Blanco et al. 2005), but studies from Poland
(Jedrzejewski et al. 2004, Jedrzejewski et
al. 2005), Italy (Ciucci et al. 1997, Massolo
and Meriggi 1998) and North America
(Mladenoft et al. 1995, Johnson et al. 2005,
Oakleaf et al. 2006) have shown that they
prefer forests.

Early studies on the effects of human
presence on wolves have shown that they
avoid areas where road densities are above
a particular threshold value, such as 0.45
(Mladenoff et al. 1995, Mladenoff et al.
1999), 0.58 (Thiel 1985, Jensen et al. 1986,
Mech et al. 1988) or 0.70 km/km? (Fuller
et al. 1992). Roads serve as an indicator
of human presence, and because humans
are a major contributor to wolf mortality
(Mech 1977, Forbes and Theberge 1992,
Wydeven et al. 1992, Boyd and Pletscher
1999), wolves risk being killed by trappers,
hunters, or vehicles when they are near
roads (Jensen et al. 1986, Mech et al. 1988).
More recent studies have moderated this
conclusion by indicating that roads with
relatively low levels of use can benefit
wolves by creating easy paths of travel
(Thurber et al. 1994, James and Stuart-Smith
2000, Pedersen et al. 2003, Whittington et
al. 2005). Merrill (2000) reported successful
wolf reproductions at road densities of
1.42 km/km? and Thiel et al. (1998) found
that wolves denned close to areas with
high degrees of human activity. These two
cases illustrate that the main concern is
the attitudes of local people, not the roads
themselves (Carroll et al. 2003). Wolves
avoid human settlements and buildings
in some areas (Theuerkauf et al. 2003a,
Jedrzejewski et al. 2004, Jedrzejewski et
al. 2005, Kaartinen et al. 2005), but are not
affected by them (Pedersen et al. 2003),
or may actively seek them out in search
of food, in other areas (Fritts et al. 2003).
To our knowledge, researchers have not
investigated whether wolves differentiate
between permanent and temporary
structures.
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The goal of this study was to document
the distribution of wolves in the Absaroka-
Beartooth Wilderness (ABW), immediately
north of YNP, as indicated by their scats and
tracks along USFS trails to test the following
hypotheses: 1) Because several studies from
North America have found that wolves
preferred forested habitat, we predicted that
there would be sign on trails more often in
forested areas than in areas without forest
cover; 2) If wolves actively avoid humans
and their activities, we would expect sign
less often on trails near outfitter camps and
USFS cabins than on trails far from these
structures; 3) If wolves habituate more
easily to permanent structures, we predicted
that wolves would avoid temporary outfitter
camps more than permanent USFS cabins.

STUDY AREA

The study was conducted in the ABW,
which is located in south-central Montana
adjacent to the northern boundary of YNP
(Fig. 1). The USFS manages this area, which
encompasses portions of three National
Forests (Gallatin, Shoshone and Custer) and
five Ranger Districts (Gardiner, Beartooth,
Big Timber, Clark’s Fork, and Livingston).
The ABW has a total area of 3819 km?,
primarily in Montana but with a small
portion in Wyoming. The area was officially
designated in 1978 as a Wilderness Area
under the U. S. Wilderness Act of 1964.
Regulations prohibit use or possession of
motorized and mechanized equipment,
which was intended to minimize disturbance
to wildlife and to preserve the wilderness
character.

Our effort centered primarily in the
Gardiner Ranger District (GRD), which
borders YNP and comprises about one-
third of the ABW. The GRD has the highest
ungulate/prey density in the ABW, is
adjacent to YNP, and wolf packs occurred
within its boundaries. We also conducted
field work in other ABW Ranger Districts,
but not as intensively as in the GRD.

The terrain is remote, rugged,
mountainous, and consists of deeply
incised glacial valleys and high plateaus.
Vegetation includes montane forests
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Figure 1. Yellowstone National Park and the Absaroka-Beartooth Wilderness
Montana and Wyoming, showing the major drainages within the wilderness area.

dominated by Douglas-fir (Pseudotsuga
menziesii), quaking aspen (Populus
tremuloides), Engelmann spruce (Picea
engelmannii), lodgepole pine (Pinus
contorta), and limber pine (P. flexilis), and
subalpine forests dominated by subalpine
fir (4bies lasiocarpa) and whitebark
pine (P. albicaulis) (Alden et al. 1999,
DeBlander 2001). The vegetation at high
elevations includes tundra and perennial
snowfields. Riparian areas are comparatively
limited, but are ecologically important.
Carnivorous mammals occurring in this
study area include grizzly bears (Ursus
arctos), black bears (U. americanus),
mountain lions (Felis concolor), lynx
(Lynx canadensis), wolverine (Gulo gulo),
wolves, coyotes (Canis latrans), and red
foxes (Vulpes vulpes). Ungulate species
include elk (Cervus elaphus), mule deer
(Odocoileus hemionus), white-tailed deer
(O. virginianus), bighorn sheep (Ovis
canadensis), moose (Alces alces), and
mountain goats (Oreamnos americanus).
The varied topography of the Rocky
Mountains creates a wide range of weather

conditions and unique local climates (Alden
et al. 1999). At high elevations, there is
snow from early October to early July, and
at lower elevations, from late October to late
May (Despain 1990). The annual rainfall in
the Rocky Mountains ranges from 18 to 109
cm (Despain 1990) .

METHODS

The ABW has about 1437 km of trails,
which we delineated into 379 labeled and
easily defined segments, generally from one
trail junction to another. The trail segments
varied between 0.2 to 13.4 km in length
and were used by the GRD Forest Service
backcountry crew, hikers, etc. between
15 May and 1 November each year. Tasks
of the backcountry crew were many, and
sampling for wolf sign was done while
hiking the trails. The backcountry crew
used 278 trail segments in 2005 and 216 in
2006. The backcountry crew recorded the
number of wolf scats and tracks representing
individual wolves for each segment on
each trip. Multiple tracks scattered over a
distance were thought to have originated

Distribution of Gray Wolves in Response to Habitat & Human Presence in the Absaroka-Beartooth Wilderness, Montana 29



from one individual if the tracks were going
in the same direction within the same trail
segment. The crew was trained to identify
wolf scats and tracks by Jim Halfpenny,
director of “A Naturalist’s World” in
Gardiner.

Common ways to differentiate between
wolf and dog (Canis familiaris) sign, e.g.,
difference in paw size, movement behavior,
amount of hair and bone in scats, are not
always reliable (Aronson and Eriksson 1992,
Landa 1999). To minimize uncertainty, we
considered the frequency by which trail
segments were used by hikers with dogs.

If the crew encountered hikers with dogs,

or the trail was known to be a popular
recreation area for people with dogs, we
considered the probability of a large canine
track belonging to a dog to be high and
disregarded all observed sign. However,
YNP has a ban on dogs, so we classified sign
found on ABW trails originating from YNP
as wolf sign.

We distinguished coyote tracks from
wolf tracks based on the fact that wolves
have larger paws than coyotes (Murray and
Lariviere 2002). To differentiate between
coyote and wolf scat, we used Halfpenny’s
(1986) cutoff diameter and classified all
canine scat > 23 mm as wolf scat. The large
overlap in diameter (Weaver 1979, Reed et
al. 2004, Prugh and Ritland 2005) caused
some bias because some of the collected
scats could be from coyotes, and small wolf
scats would be classified as coyote and not
included in the sample.

Sign of wolves was recorded as a binary
variable, observed or not. We then created
maps using ArcGIS 9.1 and analyzed data
using a combination of tools in ArcGIS 9.1,
Hawth’s Analysis Tools 3.26 and ET Geo
Wizards 9.6. We classified trail segments as
forested or nonforested by using vegetation
maps provided by the Gallatin National
Forest. Permanent structures included three
USFS cabins located on Slough Creek,
Buffalo Fork and Hellroaring creeks, as
well as the Silver Tip Ranch in Slough
Creek. Temporary structures included 13
outfitter camps. Outfitter camps were present
in the ABW from 2 wks to 4 mos. The
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USFS cabins were used between May and
November.

We tested the hypotheses with a binary
logistic regression (Agresti 2002) using
MINITAB 14 Statistical Software (Minitab
Inc). When testing hypothesis No. 3 (wolves
should be found farther from permanent
than temporary structures), we measured
the distance from each trail to the nearest
structure. When testing hypothesis No. 1
(wolves should prefer forested habitats),
we classified the habitat type for each trail
according to the dominant vegetation type
along its length. To test for other variables,
we included the distance to the YNP
boundary in the model, using the shortest
distance from the center of each trail
segment to the boundary of the YNP. We
corrected for sampling effort by including
the average number of times a trail had
been sampled in the model. We used only
trail segments within the GRD for this test.
Hypotheses were tested using a significance
threshold of P < 0.05.

RESULTS

The monitoring frequency for trail
segments decreased from 2005 to 2006
(Table 1) with sampling efforts of 1050
km and 709 km, respectively, but the
average number of times a trail was
sampled increased from 2005 to 2006. The
unadjusted total amount of sign in 2005
was 115; 74 tracks and 41 scats. In 2006,
this doubled to 241; 137 tracks and 104
scats. A significantly greater frequency of
trail segments (all segments) showed wolf
presence in 2006 than 2005 (x> = 22.28,
d.f.=1,P<0.001). In 2005, the majority
of sign was located from the eastern part
of the Gardiner Basin, eastwards through
the Hellroaring, Buffalo Fork and Slough
Creek drainages, to the southern part of the
Stillwater Drainage and was also high in the
southern part of the Beartooth Plateau and
the western part of the Boulder Drainage,
close to the Mill Creek Drainage. Single
cases of wolf sign were registered on four
different trail segments on the north-eastern
boundary of the ABW. In 2006, the areas
with the highest amount of sign shifted



Table 1. Summary statistics for the gray
wolf sign survey in the Absaroka-Beartooth
Wilderness, south-central Montana, USA
(2005-2006).

2005 2006
No. trail segments 2718 216
No. times a trail was traveled
X 308 6.24
SD 285 6.70
Range 1-22  1-52
Scatsl/trail segment
X 015 048
SD 047 114
Range 0-3 0-6
Tracks/trail segment
X 0.27 063
SD 064 122
Range 0-4 06

slightly. Sign was greater along the southern
boundary of the ABW, i.e., from the middle
of the Gardiner Basin, eastwards through
the Hellroaring, Buffalo Fork and Slough
Creek drainages. There was, however, a gap
in the presence of sign between the Gardiner
Basin and Hellroaring/Buffalo Fork/Slough
Creek drainages. There still was sign in the
southern part of the Beartooth Plateau, but
the sign in the western part of the Boulder
Drainage continued over into the Mill Creek
Drainage in 2006. In addition to wolf sign,
wolves were observed once and wolves were
heard howling four times during 2006 by the
backcountry crew.

According to the binary logistic model
we used to explain wolf presence in the
GRD, wolves did not avoid temporary

camps or permanent cabins or differentiate
between them, nor did they use forested and
nonforested trail segments differently (Table
2). Wolf presence was significantly and
negatively correlated with distance to YNP.
According to the logistic model, 50 percent
probability of finding wolf sign occurred when
the trail segment was 21.5 km from the YNP
boundary. The variable “average number of
times a trail segment was traveled” was added
to the model to correct for effort and naturally
showed that there was a higher probability of
encountering wolf sign if the trail had been
traveled often. By including this variable, we
corrected for the bias that it otherwise would
have caused in the analysis of the effects

of the other variables. The interaction term
showed that the field crew traveled less on
trail segments located far from camps and
cabins. The fit of the model was not high,
however. A Pearson goodness-of-fit was 0.35,
which indicated that the model did not explain
much variation in wolf distribution.

DiscussIoON

Track surveys and other noninvasive
methods are becoming more popular in
wildlife and conservation research, because
of few negative effects, such as immobilizing
and handling the animals, in addition to being
less time-consuming and expensive (Kendall
et al. 1992, Smallwood and Fitzhugh 1995,
Alexander et al. 2005).

Distribution of wolves

As expected from our hypothesis, a
logistic regression analysis corrected for effort
indicated that the probability of finding wolf
sign in the ABW was higher in the vicinity

Table 2. Logistic regression model explaining gray wolf presence in the Gardiner Ranger
District, Absaroka-Beartooth Wilderness, south-central Montana, in 2005 and 2006.

Predictor Coefficient P-value
Constant 1.962 0.125
Distance to camps/cabins (km) 0.029 0.374
Distance to Yellowstone National Park (km) -0.091 0.013
Camp type (categorical) 0.239 0.687
Forest (categorical) -1.260 0.304
Average number of times a trail segment was traveled 0.301 0.005
Distance camps/cabins (km) * Average number of times

a trail segment was traveled -0.039 0.002
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of YNP. Given the dispersal capabilities of
wolves, it is surprising that wolves had not
traveled further into the wilderness area.
Wolves have been recorded dispersing

long distances, such as 670 (Van Camp and
Gluckie 1979), 732 (Ballard et al. 1983), 840
(Boyd and Pletscher 1999) and 886 (Fritts
1983) km. Even though wolves have a great
capacity for dispersal, they maximize their
chance of breeding rather than maximizing
resources (Mech and Boitani 2003). Studies
have shown that territorial species are
attracted to areas that already are inhabited
(Stamps 1988, Smith and Peacock 1990,
Ray et al. 1991), presumably because areas
that are occupied by conspecifics offer mates
and an assurance of good habitat (“cuing”)
(Stamps 1988). The colonization rate for
wolves in the GYA averages 9.78 km/year,
which is considerably lower than would be
expected from the high reproductive rate and
long distance dispersal of wolves (Hurford et
al. 2006) and was consistent with our results.
In addition to the drainages located close to
YNP, sign also was detected on the southern
slope of the Beartooth Plateau and in the
Boulder/Mill Creek drainages, perhaps due to
the occurrence of reproducing packs in these
areas. Single tracks and scats were observed
on separate trail segments in 2005. These
trail segments were located on the wilderness
boundary from the north to the east.

Use of forested and nonforested
habitat

Contrary to our hypothesis, we
detected no difference in use of forested and
nonforested habitats by wolves. This may
have been an error due to definitions used
in the study because the vegetation maps
used in the analysis divided vegetation into
only four categories; aspen (forest), conifer
(forest), sagebrush grassland (nonforested)
and willow (nonforested), which may
have been too coarse to allow any patterns
of selection to be manifested. Also, trail
segments often crossed several vegetation
types, but only the dominant vegetation type
was recorded for each trail. The dominant
vegetation type was usually forest, so the
number of trail segments with nonforested
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habitat was low compared to the number

of trail segments with forest. Although the
results did not support our hypothesis and
assuming that they were not a statistical
error, they did fit well with the fact that
wolves are habitat generalists (Fuller et al.
2003) and are limited only by access to a
sufficient prey base when not hunted by
humans (USDI Fish and Wildlife Service
1987). The method we used possibly did not
allow documentation of the true preference
for forested and nonforested areas but only
showed if wolves used trails more or less in
these habitats. Because the trails represent
easy paths of travel (Thurber et al. 1994,
James and Stuart-Smith 2000, Whittington
et al. 2005, Shepherd and Whittington
2006), there is no reason why wolves should
leave the trails once they enter a different
habitat.

Avoidance of humans

Also contrary to our hypothesis, we
found no evidence that wolves either
differentiated between temporary outfitter
camps and permanent USFS cabins, or
avoided camps or cabins. The outfitter
camps and USFS cabins in the ABW
differed in two main aspects. The cabins are
permanent structures, whereas the camps
are temporary. Also, the camps are always
occupied by one or more people who look
after the camp, whereas the cabins are
occasionally vacant of people. Our results
suggested that wolves view these structures
equally.

In a study conducted in the Canadian
central Arctic, Johnson et al. (2005) found
that wolves selected mineral exploration
sites and outfitter camps, probably because
of the availability of food rewards. However,
with the “leave no trace” policies in the
ABW, i.e. packing out all trash, leftover
food, and litter, there is little or no food
around camps and cabins to attract wolves.
Generally, wolves are believed to avoid
human contact spatially in areas with
low human density, and temporally in
areas with high human density (Vila et al.
1992, Ciucci et al. 1997, Pedersen et al.
2003, Theuerkauf et al. 2003a). In Poland,



where human density is high, wolves

avoid being in the same place at the same
time as humans (Theuerkauf et al. 2003a,
Theuerkauf et al. 2003b). Wam (2003)
studied wolf behavior towards humans in
densely populated parts of Norway and
found that, when approached, wolves ran
away with a mean tolerance distance of
257 m. Because our data only included sign
to indicate wolf presence, we were unable
to determine whether wolves in the ABW
avoided humans temporally. In areas with
no legal or illegal hunting, however, wolves
are thought to be less wary of humans
(Thiel et al. 1998, Merrill 2000, McNay
2002, Whittington et al. 2005), and wolves
are currently colonizing a wide range of
habitats that previously were not thought

to be suitable wolf habitat (Mech 1995). A
study investigating carnivore responses to
big-game hunting on the boundary between
ABW and YNP found that wolves did not
change their movement patterns during the
pre-hunt and hunting periods (Ruth et al.
2003). Because wolves in the ABW and
YNP were not hunted by humans during
our study, it is reasonable to conclude that
wolves do not avoid humans in this area.

CONCLUSIONS AND
MANAGEMENT IMPLICATIONS

We found no evidence that wolves in
the ABW selected between forested and
nonforested habitats, differentiated between
temporary outfitter camps and permanent
USFS cabins, or avoided these centers of
human activity. The latter may suggest that
little illegal hunting of wolves was taking
place in the ABW. However, the model gave
a relatively poor fit, which suggested that
important factors explaining wolf presence
were not included in the model. Possible
additional factors that are important for the
distribution of wolves are location of prey
and reproducing wolf packs. Therefore,
the model may have been improved by
incorporating seasonal distribution of
ungulates, locations of active wolf dens,
and by including more seasons of data. Our
results suggest that, at present, no special

precautions are needed to ensure survival

of wolves in the ABW. We recommend that
this study be continued to document whether
the behavior of wolves in the ABW changes
after the advent of hunting in 2009.
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