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ABSTRACT Helicopter flights may affect wildlife, but habituation to disturbance is possible. We tested the
hypothesis that mountain goats in a population exposed to helicopter flights for over 40 years have habituated
to helicopter traffic. We contrasted behavioral responses of marked mountain goats to helicopter flights
during 2 time periods (1995 vs. 2005-2009). The proportions of helicopter flights resulting in no/light,
moderate, or strong disturbance were similar in 1995 and 2005-2009. Horizontal distance was the main
factor determining mountain goat responses to helicopter flights; goats had a very high probability (>0.8)
of being moderately and strongly disturbed (moderate: moved 10-100 m, alert for 2-10 min; strong:
ran >100 m, alert for >10 min) when they were approached within 500 m by helicopters. We found that
mountain goats only very slightly habituated to helicopter flights during a period of 10-15 years of repeated
helicopter traffic. Because disturbance from helicopter flights has remained high, and in view of the
continuous increase of helicopter traffic in mountainous habitat, we recommend helicopter flights do not
approach closer than 1,500 m from mountain goat groups. © 2013 The Wildlife Society.

KEY WORDS Alberta, behavior, conservation, disturbance, habituation, helicopter, mountain goat, Oreamnos

americanus.

Concerns about the potential detrimental effects of
anthropogenic activities on wildlife are increasing, particu-
larly those associated with noise (Stankowich 2008, Barber
et al. 2009). Helicopter traffic for industrial activities,
transportation, wildlife surveys, and tourism is noisy and
widespread in most developed countries, and often affects
wildlife negatively (Cété 1996, Harris 2005, Tracey and
Fleming 2007). Helicopter disturbance has been reported in
a variety of taxa such as birds (Harris 2005, Hughes
et al. 2008), sea mammals (Born et al. 1999, Southwell 2005),
and ungulates (Miller and Gunn 1979, Bleich et al. 1994,
Coté 1996). Helicopter traffic may affect the foraging
behavior and vigilance levels of animals, and it may even
displace animals from safe habitats to areas where they might
be more vulnerable to predation (Lima and Dill 1990,
Frid 2003). Long-term consequences of repeated disturbance
involving home range shifts from preferred habitats may also
reduce body condition, survival rates, and reproductive
success (Joslin 1986, Knight and Cole 1995, Phillips and
Alldredge 2000).

The negative effects of helicopter traffic may be attenuated
if animals habituate to this disturbance. Habituation is the
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decrease of a response to a stimulus and requires a frequent
repeated stimulus usually occurring at low intensity (Hill
et al. 1997). The role of repeated disturbance on potential
habituation in wildlife species is poorly known (Hughes
et al. 2008). In a previous study, we reported negative effects
of helicopter flights on mountain goat (Oreamnos americanus)
groups, which showed a strong behavioral response to most
flights closer than 500 m (C6té 1996). Because our study was
based on a single year when helicopter traffic had increased as
a result of oil and gas exploration in the area, a common
critique of our work—and of other studies based on only
1 year of data—was that mountain goats would eventually
habituate to helicopter traffic. However, previous research
has not provided convincing evidence that ungulates
habituate to helicopter flights (Miller and Gunn 1980;
Bleich et al. 1990, 1994; Frid 2003). Therefore, we tested the
hypothesis that mountain goats in our study population
habituated to helicopter traffic because they had been
exposed to helicopter flights for over 40 years. Mountain
goats are a good taxon to test for habituation because they are
sensitive to human disturbance and their reaction to
helicopter flights can be easily monitored in alpine environ-
ments (Pendergast and Bindernagel 1977, Joslin 1986,
Hamel et al. 2006, Festa-Bianchet and Cété 2008, St-Louis
et al. 2013). We specifically tested for the effects of
habituation by contrasting behavioral responses of mountain
goats to helicopter flights during 2 time periods separated by
a decade (1995 vs. 2005-2009).
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STUDY AREA

We studied a marked population of mountain goats located
at Caw Ridge (54°N, 119°W), west-central Alberta, Canada,
in the front range of the Rocky Mountains. The climate at
Caw Ridge is subarctic-arctic and snowfalls can occur during
any month of the year (Festa-Bianchet and Coté 2008).
Goats use 28 km? of alpine tundra and subalpine open forest
of Engelmann spruce (Picea engelmanii) and subalpine fir
(Abies lasiocarpa) at 1,750-2,170 m elevation. The landscape
includes gently rolling hills and steep grassy slopes, as well
as rockslides and a few cliff faces that function as crucial
escape terrain for mountain goats (Festa-Bianchet and
Coté 2008).

METHODS

Behavioral Observations

We marked goats aged 1 year and older with plastic ear tags
and canvas collars. Since 1993, 98% of goats 1 year and older
have been marked; thus, the age and sex of all individuals in
the population were known (Co6té et al. 1998). We used
binoculars (10x) and spotting scopes (15-45x%) to monitor
the reaction of mountain goat groups to the approach of
helicopters from May to September 1995 and 2005-2009.
We observed animals at distances ranging from 300 m to
1,500 m. Total population size was 109 animals in 1995 and
varied between 139 and 149 in 2005-2009. Goats were
observed daily (weather permitting) by at least 2 observers.
Because the study area is an open landscape of gently rolling
hills above tree line, we could easily observe the movements
of all goat groups.

We observed goat reactions to helicopter flights opportu-
nistically. Goats were exposed to approximately 1-10 over-
flights daily during the summer. Most flights occurred along
the ridge and were from helicopters carrying equipment and
staff to and from industrial sites. During each helicopter
approach, we recorded the date, time, group size, group type
(adult [>3 years old] male alone, bachelor [>1 adult males],
adult [>3 years old] female alone, nursery [adult females,
juveniles, and kids], mixed [nursery with >1 adult male], and
unknown [when not all individuals were identified prior to
the disturbance]), behavior of animals prior to the approach
(active or resting/lying), height of the helicopter above
ground (altitude <100 m or >100 m), and shortest
estimated horizontal distance to goats from helicopters.
We estimated all distances using topographic maps. For
comparisons, we visually estimated the horizontal distance of
approaching helicopters from goats according to the 3
categories used by Coté (1996): <500 m, 500-1,500 m, and
>1,500 m. T'o measure the level of disturbance, we recorded
time spent alert and distance moved for each documented
helicopter approach. Alert goats stood, raised their ears,
and looked towards the approaching helicopter. To allow
comparisons with our previous study, we classified goat
responses to the approach using the same 3 categories as in
Coté (1996): not/lightly, moderately, and strongly disturbed.
We classified goats as not or lightly disturbed if they either

continued their pre-approach activity during or after the

disturbance or were alert for <2 minutes or moved <10 m.
We classified goats that moved 10-100 m or were alert
2-10 minutes as moderately disturbed. We considered goats
that walked or ran >100 m or were alert for >10 minutes
to be strongly disturbed. We did not distinguish individual
responses of marked goats, but rather recorded group
responses because events happened too quickly to observe
animals individually, and because individual responses would
not be independent. We considered that a group changed its
behavior when at least half of the individuals did so.

Statistical Analyses

We modeled the probability of mountain goats being
disturbed by the approach of helicopters using a multinomial
logistic regression with a logit link fitted with the R function
mlogit (multinomial logit model; R package version 0.2-
2, http://CRAN.R-project.org/package=mlogit, accessed
21 June 2012; R Development Core Team 2012), consider-
ing goat reactions to helicopters as ordinal responses. A
multinomial logistic regression analyzes the probability of
moving from the reference level of disturbance to another
level. Our reference level was the probability of being
not/lightly disturbed. Therefore, the multinomial logistic
regression provided 2 estimates for each predictor: 1 des-
cribing the probability of goats being moderately disturbed
versus not/lightly disturbed and the other describing the
probability of goats being strongly disturbed versus not/
lightly disturbed.

Analyses in Coété (1996), which were based on data
collected in 1995, showed that the closest horizontal distance
of approaching helicopters to goats was the only variable
(among date, time, group size, group type, behavior of
animals prior to the approach, height of the helicopter above
ground, and closest estimated horizontal distance) influenc-
ing the probability of being disturbed. To verify whether the
other variables measured still had no influence in 2005-2009,
we performed a preliminary analysis that assessed the
relationship between each variable and interaction and the
probability of being disturbed, following the method
proposed by Hosmer and Lemeshow (2000). Preliminary
results confirmed that the horizontal distance was still the
only variable influencing the probability of disturbance (for
all other variables, P > 0.2). Because our goal was to evaluate
whether goats had habituated to helicopters, we simply
assessed the influence of the horizontal distance, period
(1995 vs. 2005-2009), and their interaction on the
probability of being disturbed. We grouped recent years
because sample sizes were small in some years, and because
we were interested in contrasting long-term changes rather
than annual variation. We evaluated 5 a priori models using
Akaike’s Information Criterion, adjusted for small sample
sizes (AIC,) because the ratio of sample size to the number
of parameters estimated (n/%2) was <40 for some of our
models (Burnham and Anderson 2002). We ranked models
according to their AIC, scores and considered models with a
AAIC, <2 as competitive (Burnham and Anderson 2002).
We performed model averaging to obtain final parameter
estimates and their 95% confidence intervals.
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Table 1. Percentage of helicopter events resulting in no/light, moderate, or
strong disturbance in mountain goats at Caw Ridge, Alberta, Canada,
according to 2 time periods.

Intensity of disturbance

Period No/light Moderate Strong n

1995 42.0 25.9 32.1 81

2005-2009 38.1 27.6 343 134

All years 39.5 27.0 33.5 215
RESULTS

The percentage of helicopter events resulting in no/light,
moderate, or strong disturbance were similar in 1995 and
in 2005-2009 (Pearson x3 = 0.3, P = 0.9; Table 1). As in
1995, mountain goats were still strongly disturbed in about
30% of events when approached by a helicopter in recent
years. Model selection resulted in 2 models being competi-
tive (Table 2). Both models included the closest horizontal
distance; the best-supported model also included the contrast
between the 2 periods (Table 2). The influence of distance
and period was similar for both the probability of being
moderately and strongly disturbed (Table 3, Fig. 1).
Mountain goats had a very high probability of being
moderately or strongly disturbed when they were approached
within 500 m by helicopters in both periods (Fig. 1). These
probabilities were 2-5 times lesser when the approach
distance was 500 m—1,500 m (odds ratio [95% CI] using
500-1,500 m as the reference level versus <500 m for the
probability of being moderately disturbed = 2.4 [0.5; 10.1],
and strongly disturbed = 5.4 [1.3; 21.8]). Nevertheless, we
only observed a major decrease when approach distance was
>1,500 m (Table 3, Fig. 1); at this distance, the probability
of being moderately disturbed was 5 times lesser and that of
being strongly disturbed was 129 times lesser (odds ratio
[95% CI] using >1,500 m as the reference level versus
<500 m for the probability of being moderately disturbed
= 5.4 [1.3; 21.8], and strongly disturbed = 129.0 [30.0;
561.2]). The probability of goats being moderately or
strongly disturbed decreased slightly between the periods,
mostly when the approach distance was 500-1,500 m
(Table 3, Fig. 1). The differences between the periods,
however, were small compared with the differences among

distance classes (range of differences in predicted probabili-
ties between periods was 0.02-0.19 and among distances was
0.02-0.73; Table 3, Fig. 1).

DISCUSSION

We found that mountain goats exhibited minimal habitua-
tion to helicopter flights during a period of 10-15 years of
repeated helicopter traffic. Although the probability of being
disturbed slightly decreased in the recent decade, goats were
still highly disturbed at distances <500 m for about a third of
the flights, similarly to 1995, and their cumulative probability
of being moderately or strongly disturbed remained very high
(approx. 95%). The main factor determining goat responses
was the minimal horizontal distance of the approaching
helicopter during both periods. Group type, group size, and
the behavior of animals prior to disturbance did not influence
goat responses to helicopter flights, as reported earlier
(Coté 1996). Research on mountain goats and feral goats
(Capra hircus) elsewhere has also shown that the distance
from the helicopter was among the most influential factors
affecting alert behavior and distance moved in response to
flights (Goldstein et al. 2005, Tracey and Fleming 2007).
Other studies of mountain goats also reported that goats
were generally disturbed by flights within 1 km (Foster and
Rahs 1983, Gordon and Wilson 2004, Goldstein et al. 2005).

Based on our results on time spent disturbed and distance
moved, we concluded that repeated helicopter flights at close
distance can affect the behavior of mountain goats. Time
devoted to vigilance and escape behavior reduce time spent
foraging (Duchesne et al. 2000, Frid 2003) and eventually
may affect fitness. The costs related to vigilance and escape to
cliffs could be high for a species living in a harsh environment
such as mountain goats do, as this may compromise foraging
time in the best habitats (Lima and Dill 1990, Frid 2003,
Hamel and C6té 2007, Naylor et al. 2009). Additionally,
recent work on mountain goats has shown delayed effects of
helicopter flights, such as individuals performing extended
movements for up to 2 days following the disturbance
(Cadsand 2012), suggesting that helicopter disturbance
can have longer-term influences on behavior. Behavioral
responses to helicopter disturbance, thus, may not fully
reflect the stress levels of animals because longer-term
movements and increased vigilance levels in the hours and

Table 2. Summary of the results of the model selection evaluating the influence of horizontal helicopter flight distance and time period on the probability of
mountain goats being moderately and strongly disturbed at Caw Ridge (Alberta, Canada).

Model K Dev’ AICS AAICH w®
Distance + time period 8 360.3 377.0 0.0 0.60
Distance 6 366.6 379.0 2.0 0.22
Distance x time period 12 353.8 379.4 2.4 0.18
Null 2 467.3 471.3 94.3 0.00
Time period 4 466.9 4751 98.1 0.00

* Number of parameters estimated by the model. Because this is a multinomial analysis with 3 response categories, 2 estimates are always calculated for each
parameter included in the models. Therefore, adding 1 parameter to a model automatically adds 2 to K.

b Model deviance.

¢ Akaike’s Information Criterion adjusted for small sample sizes.
4 Differences in the scores of AIC, for the different models.

¢ Weights of the different models based on AIC, scores.
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Table 3. Summary of the multinomial regression estimates (model-averaged estimates) describing the influence of helicopter horizontal flight distance and
time period on the probability of mountain goats being moderately and strongly disturbed at Caw Ridge (Alberta, Canada).

Variables Estimates [95% CI]
Moderate vs. no/light
Intercept® 2.14 [0.66, 3.62]

Distance (500-1,500 m)

Distance (1,500 m)

Time period (2005-2009)

Distance (500-1,500 m) X time period (2005-2009)

Distance (1,500 m) x time period (2005-2009)
Strong vs. no/light

Intercept®

Distance (500-1,500 m)

Distance (1,500 m)

Time period (2005-2009)

Distance (500-1,500 m) x time period (2005-2009)

Distance (1,500 m) x time period (2005-2009)

~0.86 [-2.31, 0.60]
—3.11 [-4.49, —1.72]

~0.81 [~1.68, 0.06]
—6.60 [—8.23, —4.97]
7.31 [—144.60, 159.22]

3.23 [1.67, 4.80]

~1.68 [~3.08, —0.27]
—4.86 [—6.33, —3.40]
~1.18 [-2.17, —0.19]
—5.72 [-7.33, —4.11]

9.39 [—142.52, 161.30]

* The reference level for the intercept is distance <500 m and time period 1995. Nagelkerke R? = 0.59.

days following disturbance can occur. Thus, long-term
movements and physiological indicators such as heart rate
and body temperature should be measured in future research
to better understand the stress response associated with
helicopter disturbance (MacArthur et al. 1979, Regel
and Ptz 1997). In addition, long-term impacts of repeated
helicopter flights on vital rates, such as reproduction and
survival, should be evaluated.

MANAGEMENT IMPLICATIONS

Because we detected minimal habituation to helicopter
flights, and in view of the continuous increase of helicopter
traffic in mountainous habitat, we maintain our recommen-
dation to avoid helicopter flights closer than 1,500 m from

1995
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mountain goat groups (Coté 1996, Hurley 2004, Cadsand
2012). A practical approach would be to recommend buffer
zones of 2 km around alpine habitats known to support
populations of mountain goats as prescribed in the British
Columbia mountain goat management plan (Mountain

Goat Management Team 2010).
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Figure 1. Changes in the predicted probability of being strongly (black), moderately (dark gray), and not/lightly disturbed (light gray) according to horizontal
helicopter flight distance, for each time period (1995 vs. 2005-2009), in mountain goats at Caw Ridge, Alberta, Canada. The figure presents cumulative

probabilities.
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