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Abstract: Caribou in Gros Morne National Park reacted to provocation by snowmachine with significant differences 
in their response between years. Upon exposure to snowmachines, caribou were displaced 60 to 237 m from their 
initial locations. Groups with calves allowed the snowmachines to approach more closely before responding (5 to 
600 m) than adult-only groups (30 to 1300 m), and their overall flight distances were less. Time spent in locomotion 
and overall reaction time were greater for animals engaged in the most sedentary activities (eg. standing; x = 239 s 
and x = 262 s, and lying; x = 166 s and x = 273 s) than for animals already engaged in more dynamic activities such 
as walking (x = 118 s and x = 133 s), running (x = 74 s and x = 63 s) and feeding (x = 118 s and x = 133 s). Annual 
differences in the response of adult-only groups were not due to differences in the sex ratio of these groups, but 
may be related to annual variation in winter weather conditions. 

Keywords: behaviour, disturbance, Rangifer tarandus, snowmachine, weather conditions. 

Rangifer, 21 (1): 35-43 

Introduction 
Since their introduction in 1959, snowmachines 
have become popular recreational and work 
vehicles, with over 2.3 million in use, and the 
focus of a multi-billion dollar industry in North 
America (Felcher & Liberman, 2000). More than 
any other technology, these vehicles have 
enabled increasing numbers of people to access 
formerly remote areas in winter, and their combi
nation of high speed, rapid manouverability and 
loud noise makes them a conspicuous and 
potentially alarming stimulus. This increased 
human access, and the high potential for inadver-
tant disturbance or deliberate harassment of win
ter stressed animals, has led to concern over the 
effects snowmachines might have on wildlife. 
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While the recreational use of snowmachines is 
largely prohibited within the Canadian National 
Park system (Deichmann, 1990), the 1973 
Federal/Provincial agreement establishing Gros 
Morne National Park included a provision for the 
use of snowmachines by Newfoundland resi
dents living in the park. Snowmachine use has 
increased considerably since then (Deichmann, 
1990), and its effect on wildlife, especially cari
bou (Rangifer tarandus terranovae), has been 
raised as a concern, both within the National 
Park and throughout Newfoundland in general, 
where more than fifty thousand snowmachines 
are currrently in use. 

While considerable information exists regard
ing white-tailed deer (Odocoileus virgineanus) 
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and mule deer (O. hemionus) response to snow
machine activity (Moen, 1978; Richens & Lavigne, 
1978; Freddy et al, 1986), little is available for 
caribou. Although Simpson (1988) reported that 
caribou avoided areas where large numbers of 
snowmachines operated in British Columbia, 
Tyler's (1991) work on reactions of the highly 
specialised Svalbard reindeer (R. t. platyrbyn-
cbus) remains the only experimental study in
volving Rangifer yet published. Furthermore, 
while the specific effects of snowmachine activity 
on caribou populations are poorly known, the 
significance of human disturbance generally on 
caribou also remains much debated and in need 
of clarification (Klein, 1980; Bergerud et al., 1984; 
Tyler, 1991). It might be that exposure to snow
machine noise and pursuit could result in 
changes in caribou movement rates and behav
iour, and to changes in habitat use and distribu
tion (Cameron & Whitten, 1979; Dorrace et al., 
1975; Klein, 1980; Curatolo & Murphy, 1986; 
Murphy & Curatolo, 1987; Cameron et al., 1992). 
Depending upon the magnitude of such respons
es, animal condition might be negatively affect
ed, which in turn could lead to changes in herd 
productivity and survival (Klein, 1999). We report 
here on the behavioural responses of woodland 
caribou (R. t. terranovae) to snowmachines dur
ing controlled disturbance trials in Gros Morne 
National Park, Newfoundland. 

Study area 
Gros Morne National Park lies on the western 
flank of the Great Northern Peninsula of 
Newfoundland. It is a complex 1805 km 2 land
scape dominated by two contrasting land forms; 
the broad coastal lowlands on the seaward side 
and the Long Range Mountains which run north-
south through the region's interior and rise to a 
maximum elevation of 800 m (Fig. 1). Productive 
coniferous forest comprised primarily of balsam 
fir (Abies balsamed), black spruce (Picea mari¬
ana) and white spruce (Picea glaucd), and small 
stands of white birch (Betula papyriferd) and 
trembling aspen (Populous tremuloides), is re
stricted to lower elevations including mountain 
slopes. Upland vegetation is dominated by forest
ed heath and shrub barrens. Deep fjord lakes, 
serpentine barrens and numerous small ponds 
and rivers add to the region's ecological diversity, 
which is characterized by a high endemism of 
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arctic plants and animals, the latter including arc
tic hare (Lepus arcticus) and rock ptarmigan 
(Lagopus mutus). Winters in the region are long 
and snow cover is usually continuous from 
December through April. Snow depths range 
from 2.5-3 m on the coastal lowlands to 11 m on 
the mountain plateau. The caribou population is 
currently estimated at 2700 animals (Mawhinney 
et al., 1998). 

Methods 
Caribou reaction to snowmachine disturbance 
was assessed by the method of Tyler (199D- Two 
observers searched for animals using two snow
machines between November and April, 1994¬
1997. Groups were defined as having no two 
individuals >30 m apart and forming an appar
ently discrete social unit. When a caribou group 
was first observed, both snowmachines were 
stopped and the following information recorded 
using 7 x 40 m binoculars and/or 15 - 60x spot
ting scopes: (i) number, age (adult, calf), and sex 
of animals; (ii) principal activity of the group (> 
50%; feeding, standing, lying, walking); (iii) time 
of day and date; (iv) location; (v) weather condi
tions (wind speed, wind direction, temperature 
and cloud cover); (iv) terrain features (flat, hilly); 
and (v) tree cover (open, broken). 

Groups were provoked by driving one snow
machine slowly (20 km/h) until it reached the 
spot where the animals had been when first 
observed. Each approach was characterized as 
direct (straight at the group) or oblique (45' 
angle to group). Caribou were watched continu
ously during the approach and a stick was 
dropped to mark the position on the first occa
sion that any member of a group showed any 
visible reaction to the snowmachine. A second 
stick was dropped on the first occasion that any 
member of the group showed signs of unease or 
alarm. A third stick was dropped when the group 
fled. The 'attacker' drove from the third stick to 
where the animals had been and from there to 
where they first settled. He then drove back to 
the starting point and measured four distances 
(in m) with a tape or snowmachine odometer: (i) 
distance at minimum reaction: distance between 
a group of caribou and the 'attacker' at the first 
occasion that any member of the group reacted 
visibly to his presence; (ii) disturbance distance: 
distance between a group of caribou and 'attack-
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Fig. 1. Boundaries of Gros Morne National Park on the Great Northern Peninsula, Newfoundland. 

er' at the first occasion any member of the group 
showed any sign of unease or alarm; (iii) dis
tance at initial flight; distance between a group of 
caribou and the 'attacker' at the instant the ani
mals first fled; and (iv) net distance of flight: dis
tance from the 'attacker' at the start of provoca-
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tion to distance where the animals settled. The 
observer watched each group continuously dur
ing the trial to corroborate the marking of each 
distance, and recorded (in s) each phase of the 
animals' flight with a stopwatch , including (v) 
total running time, (vi) total locomotion (running 
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and walking) time, and (vii) maximum duration 
of disturbance (time from the instant a group 
bolted until all members of the group had subse
quently settled). 

These seven measured responses were com
pared with respect to group sex and age compo
sition, group majority activity at time of approach 
(feeding vs. lying, etc), terrain (open vs. broken) 
and the animals' view of the 'attack' approach 
(direct vs. oblique) using a multivariate analysis 
of variance (MANOVA). Two types of groups 
were recognized in the analysis: adult-only 
groups and groups with calves. Skew was tested 
using the t statistic (Sokal & Rohlf, 1969). Time or 
distance parameters were compared between 
years and groups using two-way analysis of vari
ance (ANOVA) (Segal, 1956). 

Results 
One hundred and sixty-two caribou groups were 
tested between March 3 - April 26, 1994 in = 51), 
January 17 - April 18, 1995 in = 50), December 
16, 1995 - April 16, 1996 in = 13) and February 
28 - May 7, 1997 in = 48) (Table 1). Overall mean 
group size was 7 (range 1 - 51) and included 114 
adult-only and 46 groups with calves. Group 
median response values were as follows: dis
tance at minimum reaction, 205 m; disturbance 
distance, 172 m; distance at initial flight, 100 m; 
net distance of flight, 65 m; total running time, 11 
s; total locomotion time, 52 s; and maximum 
duration of disturbance, 70 s. 

Group responses did not vary with snowma-

chine approach angle and there were no measur
able effects of terrain or forest cover on animal 
response iP>0.05 in all cases). There were, how
ever, significant differences in all measured 
group responses between years CP<0.05, Table 
2). Groups tested in 1995 showed minimum reac
tion scores for all but two variables, distance at 
initial flight and total running time, which were 
both marginally lower in 1997; while those tested 
in 1994 showed maximum scores for all but one, 
maximum duration of disturbance, which was 
marginally higher in 1997. In general, caribou 
groups in 1994 reacted earlier to snowmachines 
and moved greater distances, while in 1995 ani
mals allowed machines a closer approach and 
moved shorter distances when disturbed. Group 
responses in 1996 and 1997 were intermediate 
and generally similar to one another (Table 1). 
The range of between year differences in 
response was substantial. Total locomotion times 
and maximum duration of disturbance, for exam
ple, varied by six and four times respectively 
between their minimum and maximum values. 

While all measured responses differed 
between years, only disturbance distance and 
distance at initial flight CP=0.006 and /*=0.007) 
also varied with group composition (Table 2). 
These differences were not related to the adult 
sex ratio of the groups (i.e. male vs. female 
biased groups, P>0.05 in all cases), but rather 
depended on the presence/absence of calves. In 
all years groups with calves allowed snowma
chines to approach closer before responding 
than did adult-only groups and their maximum 

Table 1. Measured mean responses (standard deviation in parentheses) by caribou in Gros Morne National Park to 
provocation by snowmachines, 1994-1997 (sample size in parentheses after year). 

Year 

1994 (51) 1995 (50) 1996 (13) 1997 (48) 1994-1997 (162) 

Mean group size 5 7 13 7 7 
Female male in adult only groups 1:0.1 1:0.5 1:2 1:1 1:1 

Response 

Minimum reaction distance (m) 386 (314) 210 (176) 268 (152) 248 (187) 282 (240) 
Disturbance distance (m) 313 (253) 170 (138) 231 (160) 184 (155) 225 (197) 
Distance at initial flight (m) 225 (223) 135 (133) 203 (159) 129 (164) 167 (180) 
Net distance of flight (m) 237 (272) 60 (141) 93 (67) 210 (406) 161 (288) 
Total running time (s) 83 (213) 23 (63) 22 (16) 19 (26) 39 (124) 
Total locomotion time (s) 216 (249) 39 (176) 130 (119) 124 (158) 127 (205) 
Maximum duration of disturbance (s) 215 (260) 55 (193) 159 (137) 219 (287) 160 (248) 
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Table 2. Results of 2-way ANOVA's evaluating the responses of adult only groups of 
caribou and groups with calves to provocation by snowmachines in Gros 
Morne National Park, 1994-1997. 

Source of Variation Independent Variable F P 

Minimum reaction distance (m) Group composition 2.292 0.132 
Year 5.255 0.002 

Disturbance distance (m) Group composition 7.855 0.006 

Year 6.594 0.001 
Distance at initial flight (m) Group composition 7.455 0.007 

Year 4.549 0.004 
Net distance of flight (m) Group composition 0.234 0.629 

Year 4.179 0.007 
Total running time (s) Group composition 0.171 0.68 

Year 2.658 0.051 
Total locomotion time (s) Group composition 1.136 0.288 

Year 6.622 0.001 
Maximum duration of disturbance (s) Group composition 1.19 0.277 

Year 4.73 0.004 

disturbance times were less. Furthermore, in all 
but one year in each case, net flight distances, 
total running times and total locomotion times 
were less for groups with calves (Table 3). 
Furthermore, despite significant annual varia
tions, adult-only and groups with calves showed 
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consistent relative pat
terns of response 
between years (Fig. 2). 
The only responses 
that varied significant
ly with caribou behav
iour prior to snowma-
chine provocation 
were maximum dura
tion of disturbance 
and total locomotion 
times (Table 4). Mini
mum reaction distance 
CF=2.2, P=0.08), distur
bance distance (F=2.2, 
7M).08), distance at 
initial flight (F=1.9, 
P=0.1), net distance of 
flight (F=0.8, P=0.5) 
and total running time 
CF=0.9, P=0A) did not. 

Time spent in locomotion and overall distur
bance times were greater for animals engaged in 
sedentary activities (eg. standing; 5^239 s and 
^=262 s, and lying; jo=l66 s and 5^273 s) than for 
those engaged in dynamic activities (e.g. walking 
x=118 s and X^155 s, running x=4 s and x=63 s 

and feeding jc=118 s 
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1995 1996 
Year 

1997 

and JC=133 s). 

Discussion 
Although the implica
tions of caribou reac
tions to human distur
bance have been 
much debated (Klein, 
1980; Bergerud et al, 
1984), there is general 
agreement that the 
most significant poten
tial effects relate to 
range loss and in
creased energy expen
diture. In principle, 
caribou avoidance of 
snowmachines could 
reduce available win
ter range and depress 
reproduction and sur
vival through harass
ment of pregnant fe-
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males and/or through effects on energy assimilation 
mediated by losses in grazing and resting periods, 
altered habitat selection and increases in energy con
suming activities such as running and standing (Klein, 
1971; Shank, 1979; Skogland & Grovan, 1988). All such 
effects would be contingent on induced changes to 
normal schedules of behaviour. 

Simpson (1988) reported that caribou in British 
Columbia did avoid otherwise attractive areas when 
snowmachine activity was extensive and indicated that 
human scent and large numbers of machines operating 
in the area were the most important stimuli. He did 
not, however, experimentally test caribou responses. 
Meanwhile, Tyler (1991) reported the behavioural 
responses of 101 groups of Svalbard reindeer provoked 
by snowmachines and concluded, given their level of 
response and the low frequency of disturbance, that 
snowmachines would not cause substantial increases in 
energy expenditure or losses of grazing time for ani
mals there. 

When median reaction scores for the Svalbard and 
present studies are compared, Gros Morne National 
Park caribou reacted more slowly to snowmachines 
(had shorter reaction and disturbance distances: 640 m 
vs. 205 m; 410 m vs. 172 m) and showed less reaction 
overall (had lower flight distances, 160 m vs. 65 m; 
lower total running time, 22 s vs. l i s ; and lower maxi
mum duration of disturbance, 193 s vs. 70 s). While 
these differences may derive generally from subspecific 
behavioural variation, they may also be a reflection of 
each population's disturbance experience. Thus while 
Svalbard animals are «notable for their docile, sedentary 
behaviour», they were nevertheless more responsive to 
snowmachines than Gros Morne caribou. This is sur
prising given that Svalbard animals have no history of 
large mammal predation, and have experienced little 
hunting (Tyler, 1991). Gros Morne caribou on the other 
hand have experienced wolf (Canis lupus) predation in 
the past, and are currently preyed upon by black bears 
(Ursus americanus), lynx (Lynx canadensis) and coy
otes (Canis latrans); they are also exposed to legal 
hunting when outside the park and to some illegal 
hunting within it (Mawhinney et al, 1998). Dorrance et 
al. (1975) had demonstrated that white-tailed deer 
responses to snowmachine activity were more pro
nounced in a hunted than in an unhunted population, 
suggesting such populations were more sensitized to 
disturbance generally. These factors suggest that Gros 
Morne animals should be more, not less, reactive than 
Svalbard animals. 

The differences in response by Svalbard and Gros 
Morne animals may arise because Gros Morne caribou 
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Table 4. Mean measured responses (standard deviations in parentheses) by caribou involved in different behaviors 
prior to provocation by snowmachines in Gros Morne National Park, 1994-1997. 

Minimum Disturbance Distance Net distance Total Total Maximum 
Activity n reaction distance at initial of flight running locomotion duration of 

distance (m) (m) flight (m) (m) time (s) time (s) disturbance (s) 

Standing 34 350 (326) 284 (280) 192 (233) 116 (143) 68 (229) 239 (289) 262 (330) 
Lying 12 237 (121) 162 (86) 67 (43) 106 (73) 9(5) 166 (331) 273 (375) 
Walking 34 305 (273) 233 (494) 185 (189) 202 (437) 43 (72) 118 (173) 133 (189) 
Running 21 215 (208) 215 (208) 213 (210) 146 (246) 47 (98) 74 (122) 63 (121) 
Feeding 15 252 (155) 192 (126) 135 (123) 193 (280) 18 (20) 64 (67) 126 (187) 

MANOVA 

F 1.6 1.5 2.1 0.7 0.9 3.9 3 
P 0.19 0.21 0.1 0.63 0.94 0.006 0.022 

are more frequently exposed to snowmachine 
activity, and with greater habituation are waiting 
longer before engaging in energetically expen
sive avoidance reactions (Mahoney et al, in 
prep.). In Svalbard, the frequency of non-experi
mental snowmachine disturbance was apparently 
quite low, due to the fact that in winter animals 
there primarily inhabit mountain sides and high 
plateaus while snowmachine routes follow river 
valleys (Tyler, 199D- In Gros Morne National 
Park on the other hand, the frequency of snow
machine encounter can be high, particularly in 
the lower elevations where caribou winter distri
bution is coincident with areas of high snowma
chine travel and where all of our observations 
were made (Mahoney et al, in prep.). 

Significantly, the Svalbard study did report 
some extreme but localised examples of reindeer 
habituation to snowmachines and other vehicular 
traffic there, and also recorded lower levels of 
response to snowmachine provocation across all 
measured variables for reindeer in areas of high
er snowmachine use. A generally lower habitua
tion level of animals there, however, may explain 
why Svalbard reindeer that were lying down 
when provoked by snowmachines had the great
est distances at initial flight (Tyler, 199D, where
as the opposite was true for Newfoundland cari
bou, and why in our study terrain and angle of 
approach had no effect on animal response. 
Greater habituation by Newfoundland animals is 
also suggested by their shorter disturbance dura
tion and running times. 

In contrast to reports that caribou groups con
taining cows with calves are more easily alarmed 
by and more likely to flee from a potential threat 
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than are adult only groups (De Vos, I960; Lent, 
1966; Bergerud, 1974), groups with calves in this 
study took longer to respond to snowmachine 
disturbance and their overall flight distances 
were less. Although this might in part be 
explained by the differences in group size 
(groups containing calves were slightly larger), 
Tyler (1991) also reported shorter maximum 
duration of disturbance times for reindeer groups 
including calves on Svalbard in the absence of 
any apparent group size relationship. Caribou 
calves are especially susceptible to winter deple
tion of nutrient reserves (Reimers et al, 1982) 
and their reduced response to disturbance at this 
time of year would have clear survival advan
tages, as would the heightened reactions to dis
turbance reported for cows and calves during the 
early post-natal period (de Vos, I960), when 
calves are highly susceptible to predation 
(Mahoney et al, 1990). 

In Gros Morne, annual variation in response to 
snowmachine disturbance by adult-only caribou 
groups was not related to sex ratio, but may have 
been related to differences in winter conditions 
(Mawhinney et al, 1998). Caribou responded 
more slowly and fled for a shorter period of time 
in 1995 when winter snowfall was highest 
(Mawhinney et al, 1998) and this may reflect an 
attempt by animals to reduce their energy expen
ditures when the cost of locomotion is higher 
and the availability of forage is reduced. During 
winters of high snow accumulation and inci
dences of surface crusting, the cost of behaviour
al displacement due to disturbance may triple 
(Fancy & White, 1987). Presumably, the cost of 
locomotion was lower in 1994, 1996 and 1997, 
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when there was less snow, and caribou respond
ed more quickly and for greater lengths of time 
and distance to approaching snowmachines. 
Bradshaw et al. (1997) reported similar results in 
their experimental study of the effects of noise 
on wintering caribou in Alberta, where caribou 
showed lower movement rates and linear dis
placement distances when snow was deepest. 

While the energetic implications of our find
ings are presented elsewhere (Mahoney et al, in 
prep), results presented here indicate that 
approaching snowmachines displaced Gros 
Morne caribou from resting activities, and initiat
ed avoidance reactions that interrupted feeding 
bouts and increased locomotion rates, and there
fore altered the animals' normal feeding and rest
ing schedules. The question is, however, under 
what conditions are such effects likely to have 
serious implications? 

Of particular interest here are our findings of 
wide variation in response, not only for individ
ual groups, but also between years for the same 
population and between the caribou subspecies 
of Svalbard and Newfoundland. This variability 
cautions resource managers against quick envi
ronmental assessment decisions that are based 
upon a single year's research or findings that are 
limited to a single population. Caution is further 
advised by the implications of this and other dis
turbance studies (Bradshaw et al., 1997) that sug
gest stochastic environmental variation, in this 
case snow depth, can alter behavioural respons
es. 

At the same time, however, managers should 
not, out of hand, assume that animals will be 
continuously or significantly affected by novel 
stimuli. Only when such stimuli are rare, or 
threaten or pursue, or otherwise cause discom
fort to the animal should this be so. Ungulates 
show considerable capacity to habituate to pre
dictable, non-threatening stimuli, including 
vehicular traffic of many kinds, as evidenced by 
numerous species in both our National Parks and 
in urban areas where hunting is prohibited 
(Geist, 1978). We suggest that to some extent 
caribou in Gros Morne, which have readily habit
uated to vehicular traffic along the highway, are 
doing so with snowmachines, at least in compar
ison with animals on Svalbard. The extent to 
which they can do this will ultimately depend 
upon how often they are confronted by these 
machines and whether or not they are pursued 

or otherwise harassed by them, both within the 
park and elsewhere. 
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