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Abstract
Caribou (Rangifer tarandus) and other northern ungulates are increasingly exposed to snowmachine activity, but the
implications of such exposure for energetics and habitat use are not fully understood. We assessed the influence of
snowmachine exposure on the energy balance and habitat selection of caribou in Gros Morne National Park,
Newfoundland, Canada. We assessed habitat selection of radio-collared females at 2 spatial scales, within the
population range and the home range. Based on field observations of caribou reactions to provocation by
snowmachine, we modelled the energetic costs of disturbance as 1 event and extrapolated its effects on body mass
during winter. During winter, females exhibited apparent preference for snowmachine trails at the scale of the
population range, but neither preference nor avoidance at the scale of the home range. This broad-scale pattern likely
reflects the spatial association of trails with lowlands and the more favourable nival conditions there. The energetic
cost of 1 snowmachine encounter was negligible; we surmise it would require far more encounters than are likely to
produce a significant and harmful loss in body mass. We conclude that the lack of response to snowmachines may
represent habituation, a lack of snowmachine-free alternative habitat, and/or risk-prone foraging by this population.
Key Words: Caribou, Disturbance, Energetics, Habitat Selection, Snowmobile.

INTRODUCTION
Industrial and recreational activity can have serious effects
on wildlife, including displacing ungulates from habitat
(Cameron 1983; Nellemann and Cameron 1998; Nellemann
et al. 2000; Vistnes and Nellemann 2001; Harris et al. 2014)
and heightening energy expenditures (Shank 1979; Shideler
et al. 1986; Tyler 1991; Bradshaw et al. 1998; Olliff et al.
1999). For northern ungulates, such as caribou (Rangifer
tarandus), disturbance may be especially significant in
winter when snowcover imposes added energetic costs of
locomotion (Fancy and White 1987) and foraging (Fancy and
White 1985), and when avoidance may run counter to the
seasonal adaptations of reduced activity, food intake, and
metabolic rate (Moen et al. 1982; Hudson and
Christopherson 1985). Recurring disturbance can have a
profound negative effect on the body weights of wild
reindeer (R. t. tarandus) by altering activity budgets
(Hagemoen and Reimers 2002) and grazing intensity
(Colman et al. 2003).
Snowmachine disturbance of wildlife has been a concern
since the rising popularity of snowmobiles in the 1960s
(Eckstein et al. 1979; Freddy et al. 1986; Dustin and
Schneider 2005). Experimental studies with caribou have
shown that snowmobiles provoke flight responses (Tyler
1991; Mahoney et al. 2001; Reimers et al. 2003; Powell 2004)
that have a small but measurable energetic cost (Tyler 1991;
Reimers et al. 2003; Powell 2004; but see Bradshaw et al.
1998). Snowmachines can displace caribou from habitat
(Seip et al. 2007) and can invoke avoidance responses that
may interfere with normal feeding and resting (Mahoney et
al. 2001). Although low levels of disturbance are unlikely to
affect the fitness of individual caribou, repeated and frequent
disturbance may negatively influence caribou during the

time of year when extra energy expenditure can be most
harmful (Adamczewski et al. 1993). To date, however,
energy loss and habitat displacement have not been
considered together, even though this approach could
produce more robust understanding (Reimers and Colman
2003).
A particular obstacle has been difficulty in knowing the
location of snowmobile activity coinciding with
observations of caribou. Most studies have been restricted
in time and space – for example, to a few areas or linear
features such as frozen rivers (Tyler 1991), to a high-use area
(Seip et al. 2007), or to short duration (Reimers et al. 2003).
Gros Morne National Park (GMNP) presents an uncommon
opportunity because snowmachine trails are mapped. Local
residents use these trails for access to timber along the
coastal lowlands; they can travel throughout the whole trail
system in the Park if snow conditions permit. Therefore,
caribou space-use can be measured as the known proximity
to these trails.
Following a companion behavioural study (Mahoney et al.
2001), we assessed the effect of snowmobiles on the habitat
use and energetics of caribou in GMNP. To quantify habitat
selection, we analyzed satellite and GPS telemetry data of
adult female caribou using Euclidean distances (Conner et al.
2003); this approach readily handles responses to linear
features (Conner and Plowman 2001) and is especially suited
to studies of Rangifer whose avoidance reactions may extend
kilometres from anthropogenic features (Mahoney and
Schaefer 2002; Vistnes and Nellemann 2008). To estimate
the cost to individual caribou, we applied an energetics
model (Bradshaw et al. 1998) to direct behavioural
observations of caribou experimentally disturbed by
snowmobiles (Mahoney et al. 2001). We used this model to
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estimate the number of snowmachine disturbance events
required to cause mass loss sufficient to affect caribou
survival and productivity. We used these multiple lines of
evidence – behaviour, energetics, and habitat selection at
multiple scales – to increase our understanding of the
potential implications for caribou.

STUDY AREA
Gros Morne National Park (1,945 km2) is situated on the
western coast of Newfoundland (49o34'N, 57o45'W; Figure
1). The Park comprises 2 distinct physiographic regions.
The broad coastal lowlands of the western half are composed
of extensive bogs and dispersed coniferous forest of
primarily balsam fir (Abies balsamea) and black spruce
(Picea mariana), and smaller patches of white birch (Betula
papyrifera) and trembling aspen (Populus tremuloides). The
lowlands are wind-swept; snow is not deep and snow
crusting is minimal; such conditions provide easier access to
forage (Fancy and White 1985). The upland region, a portion
of the Long Range Mountains, runs north-south through the
central region of the Park, rising abruptly on the western edge
of the lowlands and sloping more gradually on the Park’s
eastern front. The upland vegetation is composed primarily
of heath with trees in krummholz form. Winters are long and
snow cover is typically continuous from December through
April.
Snowmachine activity occurs primarily from February to
April, depending on snow conditions. For residents of
GMNP, snowmachine travel is permitted in most of the Park.
However, snowmachine traffic in the lowlands is naturally
confined by snow conditions to specific trails; those most
heavily used traverse the communities along the Park’s
western perimeter, providing residents with access to timber
harvesting (Figure 1). In the uplands at the time of this study,
residents and non-residents could travel freely but tended to
stay along easily traveled routes, such as wetlands and
valleys. Although we use the term ‘trails’ for consistency,
these trails were often broad travel routes or corridors (<500
m wide), especially in the uplands, rather than narrow linear
features. Snowmachine traffic in the uplands was primarily
recreational during weekends (S. Taylor, personal
observations; Taylor and Simpson 2005).
Snowmachine trails were mapped at the time of the study
using a combination of GPS, topographic maps, and
1:12,500 aerial photographs, as well as reports from
knowledgeable park residents and snowmachine users. To
quantify use, electronic trail counters (Models 1300, 600 and
900; Interprovincial Travel Services) were deployed along
the main access points of the 5 primary park trails (Figure 1),
January-April, 1993-1995. Counters were checked for

48
sensitivity and accuracy, and batteries were changed at
regular intervals (Reid 1993, 1994). The sensitivity of
counters was calibrated so that only large objects on the trail
would be tallied; sensitivity was repeatedly tested in trials
and checked during the study. Average use of individual
trails was variable, ranging from 2-41 vehicle passes per day
(Table 1).
Gros Morne caribou are migratory, moving from the
lowlands in the winter to uplands in the summer. This
population increased in synchrony with the other herds in the
Newfoundland island population − i.e., from an estimated
1870 animals in 1994 to 2877 animals in 1997 (BastilleRousseau et al. 2013). During winter, most caribou utilized
the lowlands near the coast; a small number (ca. 150 animals)
were regularly observed in the uplands (S. Gerrow, 2016,
GMNP, personal communication).

METHODS
Habitat selection
Data collection
Twenty-one adult female caribou were live-captured in
January 1993 and 1996, and fitted with 10 Argos platform
transmitter terminals (PTTs) and 11 global positioning
system (GPS) transmitters (Lotek Wireless Inc.; Service
Argos). PTTs were programmed to transmit every 2 d, GPS
collars to collect locations every 3 h. Animals were weighed
and live-captured and handled in accordance with the
guidelines from the American Society of Mammalogists
(Sikes et al. 2011).
Corresponding to periods of high snowmachine use, we
included locations from February 1 to April 30 in all years.
Before analysis, we removed erroneous data. For PTTs, we
used the best quality class, and for GPS, we excluded 2dimensional fixes with a dilution of precision greater than 5.
The portion of the data discarded represented roughly threequarters of the PTT data, and 7.4% of the GPS data. These
2 platforms differed substantially in accuracy (for PTTs,
≥100 m; for GPS, often <50 m). Such discrepancies can be
serious for resource selection functions (Morehouse and
Boyce 2013). However, the distance-based approach – based
on animals’ proximity rather than occupancy of habitat
patches – is less sensitive to telemetry error (Conner and
Plowman 2001). For analysis, we retained animals (n = 20)
with at least 7 locations after filtering.
The study area was bounded by ≤10 km from
snowmachine trails, excluding south of Bonne Bay (Figure
1) where no collared caribou were found. This distance
represents the approximate maximum extent of avoidance,
based on caribou studies in Newfoundland (Mahoney and
Schaefer 2002; Schaefer and Mahoney 2007; Weir et al.
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Figure 1. Locations of snowmachine trails (black lines) and the study area based on caribou locations (black
dots; 1993-1998) in Gros Morne National Park (GMNP), Newfoundland. Trails are labelled as WH
(Western Hills), AR (Arm Pond), BP (Beaver Pond), MB (Mills Brook), and AN (Angle Pond).
Communities in GMNP are the colour of the background. The dashed line represents 10 km from the
snowmachine trails and the effective study area.
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Table 1. Frequency of snowmachine use and the mean number of snowmachines per day along five main trails, Gros
Morne National Park, Newfoundland, January-April, 1993-1995.

2007), British Columbia, and Canadian Arctic (e.g., Polfus
et al. 2011; Boulanger et al. 2012).
Habitat composition and habitat selection
To identify the habitat types, we used a supervised
ecological landcover classification (ELC) developed for
caribou in Newfoundland (Integrated Informatics 2013).
The raster-based ELC consisted of remotely sensed data at
30-m resolution (Landsat Thematic Mapper [TM] and
Enhanced Thematic Mapper [ETM+]; Wulder et al. 2008)
comprising 10 habitat types with an accuracy of 76.4%
(Table 2), overlaid with the network of trails (Figure 1). We
treated trails as linear elements and included distance to the
coast of the Gulf of St. Lawrence (“Coast”) to account for
the apparent preference of caribou for lowlands.
Habitat selection was quantified using Euclidian distancebased analysis (ED; Conner and Plowman 2001; Conner et
al. 2003). This approach entails comparing distances, from
animal locations versus random locations, to the nearest
representative of each habitat class (Table 2). We therefore
computed distances of 2 kinds: (A) from animal locations to
the nearest parcel or segment of each habitat type or linear
feature; and (B) from locations generated by a uniform
random distribution to the nearest parcel or segment of each
habitat type or linear feature (Conner et al. 2003; Schaefer
and Mahoney 2007). We conducted the analysis at 2 spatial
scales: within the population range (2nd order) and within the
home range (3rd order; Johnson 1980). For the 2nd order,
availability was set as random points within the study area
(≤10 km from radio-locations; Figure 1); for the 3rd order, it
was set as random points within 95% minimum convex
polygons (MCPs) for each caribou each year. We denoted

‘use’ as random locations within the MCP home range for
each caribou each year for the 2nd order analysis, and as
radio-locations for 3rd order analysis. Such a nested
hierarchy − where use at one level is recast as availability at
a finer level − can strengthen inferences about habitat
selection (Schaefer and Messier 1995; Mayor et al. 2009).
We calculated the distance of each radiolocation to the
nearest representative of each of the 12 habitat types,
including snowmachine trails and the coast. We repeated
this procedure for 5,000 randomly distributed points within
the study area, i.e., sufficient to stabilize the average
distances to each habitat type (Obbard et al. 2010). We
treated the animal as the experimental unit (n = 20) by
computing average distances for each individual per year.
Preference was inferred where animal distances were closer
than expected (based on availability); avoidance was inferred
where animal distances were further than expected (Conner
et al. 2003).
We computed a vector of log-ratios (d = log [use/
availability]) for each habitat type. In general, these ratios of
use to availability were not normally distributed and were
log-transformed to meet the assumption of normality. To test
for avoidance and preference of each habitat type, we used
one-sample t-tests against the null hypothesis that each d ≈ 0
(Conner and Plowman 2001). Despite the multiple tests, we
set α = 0.05 to balance the risks of type I and type II errors.
We conducted analyses using ArcGIS 10.1 (ESRI 2014) and
program R (R Core Team 2013).
An important feature of ED is its sensitivity to the
arrangement of habitats on the landscape. Apparent
selection for 1 habitat type may result from its proximity to
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Table 2. Ecological land cover classification scheme for the study area, Gros Morne National Park, Newfoundland, and
other variables used in the Euclidian distance-based analysis.

another, truly preferred type (Bingham et al. 2010). In order
to describe these spatial associations, we conducted Principal
Components Analysis (PCA) from the distances to each
habitat type from the random points (Zuur et al. 2007). We
conducted these analyses using package vegan (Oksanen et
al. 2013) in program R.
Energetic cost of snowmachine disturbance
One-disturbance event
Following Bradshaw et al. (1998), we calculated the
energetic cost (COST) of a caribou’s response to onedisturbance event as the sum of the metabolic costs of: (1)
walking (per unit distance in moderate snow conditions)
times the distance moved; (2) time spent in rapid locomotion;
and (3) metabolic elevation due to excitement which can
occur in the absence of overt behavioural reactions
(MacArthur et al. 1979). From our companion study
(Mahoney et al. 2001), we estimated the distance and

duration of these responses: the mean total distance walking
(0.077 km for adults) and the mean total time in rapid
avoidance movement (0.012 h). Prolonged excitement can
increase metabolic costs by 10-25% of FMR (Geist 1978;
Bradshaw et al. 1998), but disturbance times of caribou were
short (< 3 min; Mahoney et al. 2001) and ungulate heart rates
tend to return to normal 1-3 min after a disturbance
(references in Reimers et al. 2003, p. 752). We estimated the
duration of elevated metabolism from prolonged excitement
at 6 min.
The energetic values used for walking in snow was
0.00264 MJ.kg-1.km-1 for adults (Boertje 1985), and the cost
of running 0.0350 MJ.kg-1.h-1 for adults (Boertje 1985). We
used a fasting metabolic rate (FMR) for adult barren-ground
caribou of 0.403 MJ/kg0.75 (McEwan 1970; Fancy 1986) and
added 10 to 25% of the FMR as the cost of prolonged
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excitement due to disturbance (Geist 1978; Bradshaw et al.
1998).
We estimated adult and yearling body weights from
caribou live-captured in GMNP, 1993-1997 (Mawhinney et
al. 1998): adult male, 211.4 kg; adult female, 109.2 kg;
yearling male, 116.0 kg; and yearling female, 85.5 kg.
In addition, because we received occasional but consistent
reports of caribou deliberately pursued by snowmachines
elsewhere in Newfoundland, we estimated more severe costs
of disturbance. Lacking direct observation, we used values
from Bradshaw et al. (1998) – i.e., 15 min of trotting and
galloping and an additional 2.11 km of walking. Moreover,
the energetic cost of locomotion increases exponentially with
sinking depth in snow (Fancy and White 1987) with an
inflection point of ca. 60% of the brisket height. To simulate
deep snow in Newfoundland, we modified the values of
snowmachine harassment using the mid-point between the
inflection point and 100% of brisket height, i.e., 80% of
brisket height.
Estimation of disturbance frequency for demographic effects
Typically, adult caribou lose 10-15% of their autumn mass
during winter (Steen 1968; Dauphine 1976). To exceed the
normal 15% mass loss maximum, caribou must lose, on
average, an additional 2.5% of their autumn mass (LOSS;
Bradshaw et al. 1998). In addition, we surmised that >20%
mass loss resulted in death by starvation for adult males (an
additional 5-10% loss of autumn mass) and in reduced calf
production for adult females (Thomas et al. 1976;
Adamczewski et al. 1987; Cameron and Ver Hoef 1994).
We calculated the energy loss equivalences (ELOS;
Bradshaw et al. 1998) for these additional mass loss
thresholds (>15% and >20% for adults) by assuming a 90:10
ratio of fat to protein catabolism, using 39.3 MJ/kg and 5.0
MJ/kg as the respective energy-tissue conversions (Boertje
1985; Hudson and White 1985). These energy losses were
divided by the cost of one disturbance event to determine the
number of disturbances required to induce the prescribed
changes in caribou mass (EVNT). In addition, we calculated
COST as the percentage of the total daily energy expenditure
(Fancy and White 1985; Reimers et al. 2003).

RESULTS
Habitat selection
During February - April, at the 2nd order of selection
(within the population range), females were found closer
than expected to the Coast and Snowmachine Trails (Figure
1), as well as to Broadleaf Forest and Wetlands (Table 3),
further than expected from Conifer Scrub and young Cut
Blocks (<5 years old; Table 3). At the 3rd order (within home
ranges), patterns were less stark. Caribou were found closer

than expected only to Conifer Forest, Conifer Scrub, and
Lichen/Heathland (Table 3).
The first 2 axes of PCA captured 46% of the variation
(Figure 2). Snowmachine Trails were positively associated
with the Coast and, to a lesser degree, Rocky Barrens, and
negatively associated with Exposed Earth/Anthropogenic
and Cut Blocks. Other habitats that tended to cluster together
on the landscape were Lichen/Heathland, Conifer Forest and
Conifer Scrub (Figure 2).
Energetic costs
Our model indicated the cost of 1 snowmachine encounter
ranged from 0.07-0.16 MJ for adults and 0.06-0.09 MJ for
yearlings; the percent of daily energy expenditure ranged
from 0.22-0.30% (Table 4). We estimated it would take an
enormous number of snowmachine events to produce mass
loss sufficient to affect caribou survival or reproduction
(Table 4). Based on our model, for yearling and adult
caribou, ca. 1,000 and 2,000 encounters have the potential to
cause 15% and 20% mass loss, respectively (Table 4).
However, when caribou were deliberately harassed by
snowmachine, the number of events required to cause the
threshold mass loss fell to 122-248 events, and to 31-64
events when the snow sinking depth was high.

DISCUSSION
This study adds to the growing literature on the influence
of snowmachines on caribou (Tyler 1991; Reimers et al.
2003; Powell 2004; Seip et al. 2007). In tandem with
Mahoney et al. (2001), it is the first to examine a suite of
consequences for behaviour, energetics, and habitat selection
at multiple scales. These lines of evidence generally agreed.
Low intensity disturbance (i.e., a slow but direct approach
that ceases after the animals flee; Mahoney et al. 2001)
appears to translate into minimal effects on caribou
energetics. Female caribou often used, apparently even
preferred, areas in close proximity to trails (Table 3). We
acknowledge, nevertheless, that deducing the demographic
consequences of energetic and behavioural responses must
be done cautiously (Gill et al. 2001).
Habitat selection, in particular, occurs in a multivariate,
multi-scaled setting. Although selection at broader scales
may reveal the most salient limiting factors (Rettie and
Messier 2000), snowmobile trails and other human features
are not arranged at random on the landscape (Figure 2).
Snow cover, in particular, can have profound influences on
caribou distribution (Pruitt 1959). During winter, female
caribou in GMNP avoided uplands, likely owing to the icy,
wind-hardened upland snow (S. Mahoney, personal
observations) and its attendant energetic costs for foraging
(Fancy and White 1985). Snowmobile trails in our study area
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Table 3. Winter habitat selection of female caribou based on the mean log ratios (d ± SE) of use to availability, Gros
Morne National Park, 1993-1998. Results are presented at the 2nd order (within population range) and 3rd order (within
home range). Significant preference (d < 0) is noted in bold, significant avoidance (d > 0) is underlined.

were positively associated with coastal lowlands (Figures 1
and 2), which likely represented more favourable nival
conditions for caribou. Trails and lowlands were also
negatively associated with coniferous forests (Figure 2)
where forages are more meagre and which female caribou
typically have avoided at the broad scale in Newfoundland
(Schaefer et al. 2016). We surmise that these spatial
associations account for the apparent, broad-scale
“preference” for snowmobile trails (Table 3).
Patterns of selection, however, may change across scales
(Schaefer and Messier 1995; Mayor et al. 2009). Within
their home ranges, GMNP caribou switched to preference for
coniferous forests, a possible reflection of thinner snowcover
in the midst of a denser canopy (Schaefer 1996). At this fine
scale, they also did not avoid trails near the coast (Table 3),

where snowmachine activity was greatest (S. Taylor,
personal observations), implying that snowmobiles and their
trails did not represent a major limitation to GMNP caribou.
Such observations still need to be viewed cautiously. Indeed,
the counterfactual, how caribou would be distributed in the
absence of snowmachine activity and trails, cannot be wholly
known – a feature that our study shares with numerous other
observational studies. Caution is warranted when
anthropogenic disturbances are spatially associated with
other landscape features (Schaefer and Mahoney 2007).
Such ecological complexity underscores the value of
experimental approaches, such as Before-During-After
(Mahoney and Schaefer 2002) and replicated Before-After
Control-Impact designs (Stewart-Oaten and Bence 2001).
We agree with Hurlbert (1984:190) that “an experiment is
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Figure 2. Scores on the first 2 axes of Principal Components Analysis showing the spatial relationships among habitat
classes in Gros Morne National Park, Newfoundland. The percentage of variance explained is shown for each axis.
See Table 3 for habitat acronyms.

successful to the extent that [confounding] factors are
prevented from rendering its results inconclusive or
ambiguous.”
Considerable differences exist among studies of the effects
of snowmobiles on Rangifer. Apart from the common, shortterm flight responses (Tyler 1991; Mahoney et al. 2001;
Powell 2004), caribou may avoid or abandon areas of high
snowmachine use (Seip et al. 2007). These divergent
outcomes might be ascribed to several differences between
studies. First, caribou in GMNP may be habituated to
snowmachines, given the pervasiveness of trails, coupled
with their predictable, regular, and (we assume) responsible
use (Tyler 1991; Reimers et al. 2003). In contrast,

snowmachine use in British Columbia was intensive and not
confined to trails (D. R. Seip, 2016, personal
communication). Second, unlike Seip et al. (2007), GMNP
caribou did not have access to an area where snowmachine
activity was largely absent. Third, GMNP caribou were
likely more food-limited (Schaefer et al. 2016) than the
predator-limited sedentary ecotype (Bergerud 1980,
Bergerud et al. 2008); GMNP females may have exhibited
greater tendency for risk-prone foraging behaviour (BastilleRousseau et al. 2016). The contrasting results between our
study and Seip et al. (2007) further underscores the need for
rigorous, planned experiments.
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Table 4. Estimated average energetic cost of single and multiple snowmachine disturbance events on caribou during
winter, Gros Morne National Park, Newfoundland.

At the level of disturbance simulated in this study, with a
snowmachine driving at 20 km/h (Mahoney et al. 2001), the
direct energetic cost of encounters was negligible for caribou.
Clearly, snowmachines moving at greater speeds might elicit
a greater response (Tyler 1991; Stankowich 2008) but
negligible energetic responses may result from predictable,
frequent, and non-threatening events (Bergerud 1978; Geist
1978; Tyler 1991; Colman et al. 2001; Powell 2004, Harris
et al. 2014). Indeed, even if an animal encountered a large
number of the snowmachines (i.e., 41 encounters/day; Table
1), we estimate 58 days of exposure to induce threshold mass
losses in yearlings and adults (Table 4). We do not suggest
that large numbers of snowmachine encounters (e.g., 100)
would have insignificant effects on caribou. Rather, in our
study, the observed effects do not appear to be salient to the
energy budget of GMNP caribou given the small behavioural
response to low intensity provocation. More likely,
substantial effects would be manifest through displacement
or loss of foraging opportunities. Furthermore, we suggest
higher energetic costs where caribou are subjected to
irregular, unpredictable, or greater levels of disturbance than
in GMNP, and where caribou may simply cease to use these
areas rather than pay this cost (Harlow et al. 1987; Bradshaw
et al. 1998; D. Seip, 2016, personal communication).
Obviously, the relative energetic cost of disturbances would
be greater for animals in poor condition – for instance, an
adult that had already lost 14% of its body mass.

Our findings are consistent with Tyler (1991) and Reimers
et al. (2003).
The predicted energetic costs from
snowmachine disturbance were low because the distances
that caribou moved in response to provocation were low
(Mahoney et al. 2001), as are caribou movement costs, even
on snow (Fancy and White 1987; Boertje 1985). Our results
stand in contrast to Bradshaw et al. (1998), however, who
reported animals disturbed by petroleum exploration traveled
much farther post-disturbance, but who also assumed a
higher excitement cost in their model (45-67% of the total
cost). Disturbance may affect animals in other ways – such
as a rise in stress hormones or compensatory foraging – but
studies to date suggest these influences are minor (e.g.,
Colman et al. 2003; Creel et al. 2009).

MANAGEMENT CONSIDERATIONS
Wildlife-snowmachine interactions are likely to continue
to increase in North America. In the past 2 decades,
snowmobiles have become bigger, faster, more reliable, and
more numerous – for example, over 115,000 snowmobiles
are registered in Newfoundland and Labrador, a province
with a population of less than 550,000 people. In addition,
adventure tourism is more prevalent in GMNP than in the
1990s (Taylor and Simpson 2005), including a substantial
increase in the use of uplands in the Park (S. Taylor, personal
observations). On the other hand, in GMNP, non-residents
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are required to stay along corridors and residents are
restricted from sensitive areas to protect unique, threatened,
or endangered natural or cultural features. The Park may
represent a best-case scenario for caribou in areas of high
snowmachine activity.
The identification of limiting factors is central to wildlife
management. Under conditions of frequent, predictable, and
low-intensity disturbance, snowmachines appear not to
represent a major limitation to GMNP caribou. They have
little influence on caribou energetics. At least in the
lowlands of this Park, female caribou use habitat in close
proximity to snowmachine trails, implying that other factors
(such as relative forage abundance) may be more salient.
Displacement of caribou appears to result from intensive,
widespread snowmobile use (Seip et al. 2007); this implies
that restricting snowmachines to trails may confine the area
of disturbance and may increase its predictability for caribou.
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