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PROJECT BACKGROUND:
In 2004, the Northern Wild Sheep and Goat Council 
(NWSGC) published a position statement on management 
of helicopter-supported recreation and mountain goats 
(Hurley 2004). This document was intended to represent 
the scientific consensus regarding the effects of helicopter-
supported recreation on mountain goats, primarily in the 
context of commercial activities (e.g., summer and winter 
helicopter-based tourism). The position statement included 
a summary of the available literature and associated 
recommendations for management. This document 
has been widely used and referenced by wildlife and 
land-management agencies as well as non-government 
organizations (NGOs) to inform land management 
decisions in the U.S. and Canada. Since publication of the 
original NWSGC position statement, new research has been 
conducted on helicopter and other types of disturbance, 
resulting in a need for updates. There has been recognition 
that expanding the scope of the position statement to include 
management guidance related to helicopter and other 
disturbance activities in broader industrial and recreational 
contexts would be useful for wildlife and land managers. 
During 2019–2020, a NWSGC working group comprised 
of 18 subject matter experts convened to update and expand 
the scope of the 2004 NWSGC position statement. The  
revised position statement was reviewed and unanimously 
endorsed by the executive committee and membership at 
the November 2020 NWSGC business meeting. 

INTRODUCTION:
Anthropogenic disturbance of wildlife from both 
commercial and smaller-scale independent recreational 
activities is an increasingly widespread conservation issue 
globally (Naugle 2011, Larson et al. 2016, Shannon et 
al. 2016). Mountain goats are a highly valued and iconic 
species of western North American mountain landscapes 
and are particularly sensitive to human disturbance, relative 
to other ungulates (Côté 1996, Gordon and Reynolds 
2000, Festa-Bianchet and Côté 2008, B.C. Ministry of 
Environment 2010). Mountain goats are habitat specialists 
that persist under extreme environmental conditions 
(Festa-Bianchet and Côté 2008). As a consequence, the 
species has a conservative life history strategy and low 
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potential for population growth across its native range 
(Bailey 1991, Festa-Bianchet et al. 1994, Hamel et al. 
2006, Festa-Bianchet and Côté 2008, Rice and Gay 
2010, White et al. 2018). Combined with strict habitat 
requirements, high fidelity to seasonal home-ranges, and a 
high degree of fine-scale genetic population structure, the 
species is particularly vulnerable to negative perturbations; 
demographic recovery following declines can often be 
prolonged or uncertain (Fox et al. 1989, Keim 2004, Festa-
Bianchet and Côté 2008, Shafer et al, 2011, 2012). As a 
result, conservation strategies for mitigating negative effects 
of human disturbance are necessary to ensure mountain 
goat population productivity and viability, and ultimately, 
effective stewardship of this iconic wildlife species for 
future generations (B.C. Ministry of Environment 2010).      

Less is known about mountain goats than other North 
American ungulates due to their relative scarcity and the 
inaccessible terrain they inhabit (Smith 1982, Festa-Bianchet 
et al. 1994, Wilson and Shackleton 2001). Nonetheless, 
important advances have been made in our understanding 
of disturbance effects on mountain goats with respect to 
effects of helicopters and other commercial or recreational 
disturbance. Helicopters are used widely in many industrial 
activities conducted in remote areas (e.g., mining, logging, 
hydroelectric development, telecommunications, seismic 
exploration), and are increasingly used in the context 
of all manner of summer and winter tourism activities 
(B.C. Ministry of Environment 2010). For example, 
the Juneau Icefield is a world-class tourism destination 
located in Southeast Alaska that receives more than 20,000 
summer helicopter landings annually (J. Schalkowski, 
U.S. Forest Service – Tongass National Forest, personal 
communication). In British Columbia and Alaska, over 
50 different helicopter-based skiing companies are in 
operation. Other forms of helicopter-supported adventure 
tourism, involving hiking, mountain biking, glacier 
exploration, dog mushing and numerous other activities, 
are locally prevalent and growing in many jurisdictions 
with some previously inaccessible wilderness areas now 
experiencing a high intensity of recreational use.

Mountain goats exhibit particular sensitivity to aerial 
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disturbance such as helicopters (Foster and Rahs 1983, 
Côté 1996, Goldstein et al. 2005, Cadsand 2012, Côté et 
al. 2013) that may have arisen as an adaptation to predation 
risk occurring from terrestrial carnivores and aerial 
predators. Indeed, Frid and Dill (2002) described human 
disturbance as a form of predation risk that can lead to 
deleterious individual and population-level effects; a useful 
conceptual framework for understanding disturbance in an 
ecological context. Mountain goat responses to aerial and 
other industrial, commercial and recreational disturbances 
can involve reduction of foraging, increase in movement 
rates and energetic expenditure, and spatial displacement 
from important habitats during critical periods (Foster and 
Rahs 1983, Côté 1996, Goldstein et al. 2005, Cadsand 
2012, Côté et al. 2013, Richard and Côté 2016, White 
and Gregovich 2017). Less visible physiological stress 
responses can also occur in response to anthropogenic and 
natural forms of disturbance and result in negative effects 
on immunological health and reproduction (MacArthur et 
al. 1982, Stemp 1983, Harlow et al. 1986, Chabot 1991, 
Downs et al. 2018, Dulude-de Broin et al. 2020). Such 
responses, if sufficiently intense, can result in negative 
effects on population demography, such as decreased 
reproduction and recruitment, as documented by Joslin 
(1986; also see Figure 1).

Although the short-term behavioral responses of mountain 
goats to helicopter activity have been documented, 

Figure 1. Conceptual framework for characterizing disturbance effects on mountain goats, in the 
context of other drivers of population demography (adapted from Frid and Dill 2002, Wilson 2011). 
Expected impacts of disturbance can be exacerbated, or buffered, depending on demographic condi-
tions, environmental conditions, predation, and disease.  

longer-term habitat use and demographic consequences 
of disturbance remain only partially understood. These 
recommendations are intended to minimize short-term 
behavioral disruptions that are correlated with long-term 
individual and population-level impacts. Existing research 
indicates a broad consensus on the pathways leading to 
detrimental effects, but additional research is required to 
better characterize effect sizes and interactions. While this 
work continues, we provide specific mitigation measures 
as precautionary recommendations, based upon the current 
body of available science. The following is a synopsis of 
the identified impacts addressed by research, to date. Each 
impact is summarized and includes relevant science-based 
recommendations (also see Appendix Table 1) intended to 
provide guidance regarding mitigating potential impacts to 
ensure effective conservation of mountain goats.   

MANAGEMENT RECOMMENDATIONS: 
Habitat exclusion zones: 
Mountain goats live in highly seasonal environments 
and utilize their landscapes in spatially- and temporally-
specific ways to optimize reproduction and survival. In 
this context, the parturition (kidding) and winter seasons 
are particularly important for reproduction and survival; 
excluding disturbance of habitats used during these periods 
is essential to sustain population viability and productivity. 

Mountain goats are habitat specialists and rely on specific 
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habitat features with narrow topographic and vegetative 
attributes. Studies have consistently documented mountain 
goat selection of steep, rugged terrain in close proximity 
to cliffs (Fox et al. 1989, Gross et al. 2002, Festa-Bianchet 
and Côté 2008, Poole et al. 2009, Shafer et al. 2012, White 
and Gregovich 2017). Given these preconditions, mountain 
goat habitat selection can vary with respect to elevation, 
slope, and aspect, depending on season and region (Hebert 
and Turnbull 1977). In coastal ecosystems, mountain 
goats typically migrate from alpine summer ranges to 
low-elevation, forested winter ranges to avoid deep, wet 
maritime snowpacks (Hebert and Turnbull 1977, Fox et 
al. 1989). In forested winter ranges, a strong association 
to mature, old growth forest stand structure is evident (Fox 
1983, Fox et al. 1989, Jex 2004). Conversely, in interior 
climates mountain goats commonly inhabit windblown 
subalpine and alpine habitats during the winter season with 
localized variation in wintering strategies often occurring 
in coastal-interior transitional climates (Hebert and 
Turnbull 1977, Jex 2004, Festa-Bianchet and Côté 2008, 
Poole et al. 2009, White and Gregovich 2018). During the 
kidding season, mountain goats typically utilize subalpine 
and alpine habitats in close association to escape terrain 
regardless of climatic regime or region. 

Sexual segregation is typical of many ungulate species 
(Main et al. 1996), including mountain goats. During the 
non-breeding season, adult male mountain goats are often 
spatially segregated from nursery groups, composed of adult 
females, subadults and neonates (Geist 1964, Foster 1982, 
Risenhoover and Bailey 1982). Habitat selection does not 
differ strongly between the sexes. Females with offspring, 
however, display a stronger affinity to escape terrain as 
compared to other individuals (Hamel and Côté 2007) and 
show heightened sensitivity to disturbance (Penner 1988). 
The vitality of mountain goat nursery groups provides 
obvious contributions to the productivity and viability of 
mountain goat populations. Due to the sensitivity of adult 
female mountain goats to disturbance, and the importance 
of this age/sex class to the persistence of local mountain 
goat populations, restrictions on late spring and early 
summer helicopter activities should focus on areas used by 
parturient females and nursery groups. 

During spring and summer, mineral licks represent an 
important resource for mountain goats, especially females 
with kids (Singer 1978, Ayotte et al. 2008, Corbould et al. 
2010, Poole et al. 2010, Rice 2010, Jokinen et al. 2014). 
Mineral licks are rare features on the landscape and deserve 
special management consideration due to the important role 
they play in providing key nutritional resources during a 
critical time of year. In some instances, mineral licks occur 
near human access or commercial activities (i.e. logging), 
and can increase mountain goat vulnerability to disturbance 

(including nanny-kid separation) or, in the case of roadside 
mineral licks, direct mortality (Singer 1978, Corbould et 
al. 2010).    

Mapping mountain goat habitat is an important step for 
identifying and managing exclusion zones. Advances 
in radio-tracking technology (e.g.  GPS radio-collars; 
Cagnacci et al. 2010) and analytical methods (e.g.  resource 
selection function modeling; Boyce et al. 2002) have 
enabled greater understanding of mountain goat habitat 
relationships and enhanced our ability to delineate (and 
validate) important seasonal habitats for mountain goats 
(Lele and Keim 2006, Shafer et al. 2012, Wells et al. 2014, 
Richard and Côté 2016, Lowrey et al. 2017, White and 
Gregovich 2017). Such tools are important for developing 
scientifically-defensible strategies for protecting important 
mountain goat habitats. Implementation of such methods 
can aid in clearly articulating trade-offs and development 
mitigation strategies to reduce disturbance effects to 
mountain goats (Figure 2).

Figure 2. Conceptual framework for evaluating habitat 
conservation concerns associated with commercial and 
recreational disturbance in mountain goat habitat (adapted 
from Nielsen et al. 2006, White and Gregovich 2018).

Recommendation - Habitat exclusion zones: 
•Commercial and recreational disturbance activities, 
including helicopter overflights and landings, should 
not occur in important seasonal habitats (e.g.  winter, 
kidding, mineral licks).

•The distribution and abundance of mountain goats 
and their habitats should be determined before 
commercial permits are issued to inform operating 
requirements and provide a baseline for monitoring. 
Permits should allow for changes to operating re-
quirements as new information becomes available.  
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Timing of disturbance activities:
The winter and parturition (kidding) seasons are of particular 
concern for management of disturbance stimuli. Winter 
is a period of severe nutritional deprivation for mountain 
goats (Chadwick 1974, Fox et al. 1989, Shackleton 1999). 
Periods of deep snow can reduce food availability and 
dramatically increase locomotory costs (Fox 1983, Dailey 
and Hobbs 1989). In winter, mountain goats are relatively 
immobile (i.e., movements not exceeding 50 m/hour; 
Poole and Heard 2003, Keim 2004, Richard et al. 2014), 
occupy small home ranges (<4 km2; Keim 2004, Poole et 
al. 2009, White 2006, Shakeri and White 2018), and exhibit 
a high degree of site fidelity to seasonal ranges (Schoen 
and Kirchhoff 1982, Keim 2004, Shakeri and White 
2018). Selection and use of important winter and kidding 
habitats may be reduced or abandoned if disturbance is not 
effectively managed to consider mountain goat habitats and 
the needs of parturient and/or wintering goats. Evidence 
suggests more conservative approaches are merited in 
winter as compared to summer even though growth and 
nutrition attained during summer can be important for 
subsequent winter survival (i.e., Mautz 1978, White et al. 
2011). 

Defining periods of residency on winter range, kidding areas, 
and mineral licks is important to inform recommendations 
needed to mitigate disturbance impacts to mountain goats. 
Residency on winter range is correlated with snowfall in 
alpine habitats, and for migratory animals, timing windows 
and important habitat can be quantified using analysis of 
seasonal migration events (i.e., Spitz et al. 2017, 2018). 
Variability in weather and climate can alter timing of 
migratory events and residency time from year to year. 
For example, in some areas of coastal British Columbia, 
newborn kids have been observed in late-April, three weeks 
earlier than normally documented (B. Jex, British Columbia 
Ministry of Environment, personal communication). While 

Figure 3b. An example illustrating how elevational mi-
gration patterns can define timing and duration of winter 
range use in coastal Alaska. Data were collected from 
GPS radio-collared mountain goats (n = 172) 2005–2019 
(White et al. 2012, unpublished data). Timing or occur-
rence of elevational shifts may vary by year or locality. 

Recommendation - Timing of disturbance:
•Disturbance activity should not occur on or near 
important mountain goat winter range habitats 
between November 1–April 30. (i.e. Figure 3a, 3b). 

•Disturbance activity should not occur on or near 
important mountain goat kidding habitats between 
May 1–July 15 (i.e. Figure 4).

•Disturbance activity should not occur at mineral 
licks used by mountain goats during peak use 
periods generally occurring between May 1–August 
31, recognizing that local variation in periods of use 
can span a different period of time (Figure 5, Table 
1). 

•Timing windows could be adjusted, as appropriate, 
based on the best available data for a given area and 
while recognizing that specific conditions may vary 
from year-to-year. 

most births normally occur between May 12–June 5, 
vulnerable neonates are especially dependent on mothers 
until mid-July (Côté and Festa-Bianchet 2001, Festa-
Bianchet and Côté 2008). During a long-term study at 
Caw Ridge, Alberta (1989–2018), the earliest date a kid 
survived after losing or being permanently separated from 
its mother was July 16 (Festa-Bianchet and Côté 2008). 
Consequently, it is not only important to avoid disturbance 
of nursery groups during parturition, but during the post-
parturition weaning period as well. 

Figure 3a. Photograph of mountain goats in forested win-
ter range habitat in coastal Alaska (Photo: K. White)
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Figure 4. Generalized pattern of mountain goat parturition 
and the critical post-birth maternal care period (based on 
Côté and Festa-Bianchet 2001, Festa-Bianchet and Côté 
2008). Timing may vary across years and by locality.

Figure 5. Generalized pattern of mineral lick use by male 
and female mountain goats (based on sources in Table 1). 
Timing may vary across years and by locality.  

Table 1. Timing of mineral lick use by mountain goats summarized across six study sites in North America. 
Data are summarized in relation to first and last months, as well as the peak month during which moun-
tain goats were documented at mineral licks. Data were pooled for male and female mountain goats in this 
summary, however, timing differences between female vs. male mountain goat use of mineral licks were 
reported.  

 

1 
 

Table 2. Timing of mineral lick use by mountain goats summarized across four study sites in 
North America. Data are summarized in relation to first and last months, as well as the peak 
month during which mountain goats were documented at mineral licks. Data were pooled for 
male and female mountain goats in this summary, however, timing differences between female 
vs. male mountain goat use of mineral licks were reported.   
 
 
Area Start Peak End Source 

Glacier National Park, Montana April June/July September Singer 1978 

Muskwa-Kechika, British Columbia May July August Ayotte et al. 2008 

Caw Ridge, Alberta May/June June August Festa-Bianchet and 
Cote 2008 

Rocky & Purcell Mtns, British 
Columbia February June/July August Poole et al. 2010 

Cascade Mtns., Washington January July December Rice 2010 

Southwest Alberta May July Oct Jokinen et al. 2014 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Distance from important seasonal habitats 
Acute, short-term behavioral responses to helicopter 
activity have been consistently documented at distances of 
1.5 km, and up to 2 km, for mountain goats (Côté 1996, 
Frid 2003, Gordon 2003, Cadsand 2012, Goldstein et al. 
2005, Côté et al. 2013). Mountain goats within 2 km of 
winter helicopter skiing exhibited medium-term behavioral 
responses, involving alteration of movement patterns and 
habitat selection up to 48 hours following disturbance events 
(Cadsand 2012). Helicopters used for tourism are typically 
lighter and quieter than those used for larger, industrial-scale 
commercial activities such as mining and logging. Thus, 
response distances from these studies, primarily conducted 
in lighter-duty helicopter recreation/tourism contexts, may 
underestimate responses both in terms of distance and 
overtness to industrial-sized helicopters. Examination of 
mining-related disturbance, including helicopter activity, 
blasting, heavy machinery operation and other operations, 
indicate mountain goat avoidance of suitable winter 
habitat within 1.8 km of point-source disturbances (White 
and Gregovich 2017). Similar responses were observed 
during behavioral spot-monitoring assessments focused on 
mountain goat responses to helicopters and horn signaling 
during logging activities adjacent to known winter range 
habitat, showing temporary habitat abandonment during 
active operations (Jex 2007). It is important to consider 
the surrounding terrain or relative position of mountain 
goats to helicopters/machinery may amplify noise or visual 
disturbance stimuli, and increased buffers may be required 
in confined geographies such as canyons or for direct and 
overhead approach vectors (i.e., Andrus 2005).



														              Page 6 

Habituation and sensitization to disturbance: 
Factors influencing whether an animal moves away from 
a site of human disturbance, either temporarily in the case 
of a fleeing response, or more permanently in the case of 
habitat displacement, are complex and can be influenced by 
a wide range of factors (Bejder et al. 2009). These factors 
are related to the nature of the disturbance stimuli and 
the quality of the site, availability of alternative suitable 
habitat, the perceived risk of predation and competition 
by individuals (Gill et al. 2001, Bejder et al. 2009). For 
example, wildlife may remain in an area and tolerate a high 
level of disturbance if the benefit (e.g., access to a critical 
resource or habitat) is perceived to outweigh the immediate 
risk (e.g., use of road-side mineral licks by mountain goats 
in National Parks) and the level of tolerance displayed can 
vary by individual, age and sex. In some instances, animals 
choosing to be tolerant to a known disturbance may be 
incorrectly described as being habituated to it (Penner 1988, 
Côté 2013). Similarly, an animal may not immediately flee 
following disturbance if the energetic costs of moving are 
exceedingly high, or if the animal is already occupying 
the safest or most suitable terrain accessible. In instances 
where an animal does not demonstrate an overt disturbance 
response, the individual may still experience a negative 
impact, either due to physiological stress response (often 
only detectable via laboratory analyses; sensu Dulude-
de Broin et al. 2019, 2020), or a behavioral response 
that does not involve fleeing (i.e. increased vigilance 
and less foraging). An animal is considered habituated 
if its response to disturbance (both behaviorally and 
physiologically) decreases with increasing exposure to 
the disturbance stimuli. Conversely, an animal becomes 
sensitized to disturbance when its stress response increases 
with repeated exposure; the opposite of a habituation or 
tolerance response (Frid and Dill 2002). In practice, true 
habituation of wildlife to disturbance stimuli is uncommon 
and may not occur if stimuli are sufficiently strong (Bleich 

Recommendation - Distance from important 
seasonal habitats:
•Commercial or recreational disturbance activity 
that includes the use of light helicopters1, should 
not occur within 1.5 – 2.0 km of winter and kidding 
habitats or mineral licks, depending on the local 
context or human safety considerations2. 

•Additional setbacks should be considered where the 
use of medium and heavy helicopters  are proposed.  

•Industrial scale mining activity should not occur 
within 1.8 km of mountain goat winter habitat. 

et al. 1994, Steidl and Anthony 2000, Frid 2003). Further, 
animals are less likely to habituate to irregular and/or 
unpredictable disturbances (Bergerud 1978, Risenhoover 
and Bailey 1982, Penner 1988). 

Recent analyses of long-term data collected at Caw Ridge, 
Alberta, demonstrated limited evidence of habituation 
of mountain goats to helicopter disturbance over a 15-
year period of regular overflights (Côté 1996, Côté et al. 
2013). Similarly, Cadsand (2012) found that the likelihood 
of a mountain goat fleeing in response to helicopter 
activity was not affected by that individual’s cumulative 
disturbance history. Frid (2003) found that the proportion 
of Dall’s sheep fleeing did not decrease with the number 
of cumulative weeks of disturbance. In contrast, Goldstein 
et al. (2005) reported that mountain goats in the study site 
with greatest prior exposure to helicopters seemed to have 
the most tolerance to helicopters, relative to less impacted 
sites; yet the authors indicated that disturbance responses 
were potentially confounded by terrain characteristics. For 
example, abundant steep terrain and proximity to escape 
terrain may have influenced responses by limiting the 
distance mountain goats could, or needed to, run following 
disturbance (Goldstein et al. 2005). Thus, comparison 
between areas, as a means of assessing habituation, 
resulted in limited inference due to presumed differences 
in landscape composition among sites. Existing literature 
suggests that mountain goat responses to commercial 
activities and helicopter disturbances are complex and 
likely alter risk/reward trade-offs associated with fitness-
linked behavioral decisions thereby reducing benefits; 
apparent tolerance of disturbance does not mean that 
negative effects are absent.

Recommendation - Habituation and sensitization: 
•Habituation of mountain goats to helicopter or 
other disturbance should not be assumed to occur 
over time. Existing scientific evidence, including 
data from a long-term study indicates that mountain 
goats do not habituate to helicopter overflights.

•Recognize that disturbance alters risk: reward 
trade-offs associated with fitness-linked behavioral 
decisions and may have negative effects. In some 
instances, effects may not be overtly visible. 

•Recognize the possibility that exposure to 
disturbance stimuli may result in heightened 
sensitivity to disturbance and that the degree 
of sensitivity can increase with the frequency of 
exposure to the disturbance.

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

1Light’ helicopters include, but are not limited to: Hughes 500, Bell 206, A-Star AS350. ‘Medium’ helicopters include Bell 212 and Kamov Ka-32A. ‘Heavy’ helicopters 
include Sikorsky Sky Crane CH-54, Boeing Vertol, Boeing 234 Chinook. 
2In some jurisdictions, a 400-600 m vertical buffer is considered in cases where avoidance of habitat is not possible due to weather or other human safety considerations 
(i.e. British Columba Ministry of the Environment 2010).
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Other motorized and non-motorized recreational 
activities: 
Projected increases in both motorized and non-motorized 
recreational disturbance creates concerns about the effect 
on wildlife and their habitats (Wisdom et al. 2004, Ciuti et 
al. 2012, Harris et al. 2012, Courtemanch 2014, Crisfield 
et al. 2018, Wisdom et al. 2018). Off-highway vehicles, 
including single operator all-terrain vehicles and over-
snow vehicles (e.g., snowmobiles, snowcats, snowbikes) 
are increasingly popular for recreational access into 
backcountry areas, with numbers of recreational users in 
the US projected to increase to 62–75 million participants 
by 2060 (Bowker et al. 2012). Mechanical innovations, 
such as tracked modifications to stock vehicles and greater 
engine horsepower have expanded the capability of off-
road machines and their use into mountain goat habitats 
(BVORS 2011, St-Louis et al. 2013). Recreational activity is 
largely unregulated and management/mitigation strategies 
are often limited or lacking (Flood 2005). Research 
has documented adverse effects of off-highway use on 
movement and/or habitat use across a range of ungulate 
species including moose (Colescott and Gillingham 1998), 
elk/red deer (Wisdom et al. 2018, Ciuti et al. 2012), caribou 
(Seip et al. 2007) and thinhorn sheep (Freeman 2018). 
Physiological stress responses to all-terrain vehicles has 
also been documented in elk (Creel et al. 2002). Specific 
to mountain goats, research documented all-terrain vehicle 
use resulted in moderate-significant spatial displacement 
and reduction in foraging of mountain goats 44% of the 
time (St-Louis et al. 2013). Negative responses were 
greater when vehicles approached at higher speeds and 
directly towards animals (St-Louis et al. 2013). Similar to 
helicopter-disturbance studies, approach trajectories and 
distance-specific responses of mountain goats to all-terrain 
vehicle disturbance also occur, but more research is needed 
to identify appropriate buffer distance guidelines.  

and project-specific activity plans, are important policy 
tools ensuring proposed management actions characterize 
impacts to mountain goats and include adaptive 
management mitigations. Planning incorporates strategies 
and mitigation measures to protect important mountain 
goat habitats yet still allow commercial and recreational 
activities to occur, where appropriate. Effective plans 
address disturbance effects on wildlife, both short and long-
term. Enforcement of terms and conditions of permitted 
commercial activities is important to ensure operating plans 
are effective. Monitoring and enforcement policies should 
be data-based and consistent across jurisdictions to ensure 
social acceptance and provide a predictable economic and 
regulatory environment for commercial and recreational 
entities.

Recommendation - Other recreational activities:
•Recreational activity should be regulated near 
important seasonal wintering and kidding habitats, 
and near mineral licks. 

•Regulation of off-highway vehicles and recreational 
activity should include seasonal timing of use, 
proximity to important habitat, speed and approach 
vectors.

Monitoring and regulatory enforcement of disturbance 
activities:
Monitoring the spatial distribution, intensity, and frequency 
of disturbance is critical for assessing effects of activities on 
mountain goats and for ensuring regulations are effective 
and followed (B.C. Ministry of Environment 2010). 
Comprehensive, long-term land use, resource management 

Recommendation - Monitoring and regulatory 
enforcement of disturbance activities:

•Permitting policy should be based on scientific data 
and analysis, and consistent with other jurisdictions/
agencies, to the extent possible. Consistent 
regulatory frameworks aid in acceptance among 
diverse stakeholders.

•Monitoring should include compliance monitoring 
and evaluation of the effectiveness of mitigation 
strategies. Baseline environmental reviews should be 
conducted to inform local mitigation approaches as 
part of permitting processes. Use of permitting fees 
to fund monitoring and review activities can be an 
effective and appropriate mechanism for ensuring 
data collection and analyses occur over the long-
term. 

•Commercial use permits should include provisions 
to address cases of non-compliance. Provisions 
should be included to modify permitted areas or 
conditions, based on new information.

•Disturbance activities (i.e., helicopter flight activity/
landings, ski run boundaries/use, commercial 
development activity/infrastructure) should be 
spatially referenced (recommended resolution = 100 
m) and quantified. Monitoring and data collection 
is most effective when occurring at the scale of 
mountain goat management (i.e.,  population or sub-
population scale).

•Establishment of management control areas, in 
which commercial and recreational activity is not 
permitted, is important to enable interpretation of 
changes in populations, trends and assign changes 
to the activity vs. other factors. 
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Monitoring mountain goat populations:   
Monitoring mountain goat population dynamics and 
distribution is important for understanding how populations 
respond to anthropogenic changes. This knowledge is 
critical for informing land-management decisions and 
devising conservation strategies which can, at times, 
involve significant trade-offs in economic return. Despite 
the inherent difficulty of collecting field data on mountain 
goats, rigorous techniques have been developed for 
gathering scientifically defensible population data needed 
for monitoring populations. Collection of data in a rigorous 
sampling design framework, including control-treatment 
designs when possible, that directly feeds into decision-
making frameworks, including adaptive management 
systems, can help ensure scientific understanding and social 
acceptance of outcomes. Programs may be technical to 
implement but are considered critical preconditions when 
anthropogenic manipulations of mountain landscapes are 
proposed.    

Recommendation - Monitoring mountain goat 
populations: 
•Monitoring and assessment of mountain goat 
demography, including population abundance, 
composition and distribution, at appropriate 
spatial and temporal scales is critical and 
represents an important pre-condition for all 
permitted disturbance-related activities. 

•Rigorous sampling designs, including 
monitoring areas pre- and post-activity with 
spatial control areas when possible, should be 
implemented. Monitoring programs should also 
include collecting relevant ecological covariate 
data to improve inference and ensure assessment 
of disturbance effects are not confounded by 
other factors.  

   
ACKNOWLEDGEMENTS
Many individuals contributed to the development of this 
document including: Becky Cadsand, Steeve Côté, Roy 
Churchwell, Steve Gordon, Sandra Hamel, Kevin Hurley, 
Bill Jex, Mike Jokinen, Brent Lonner, Beth MacCallum, 
Blake Malo, Kim Poole, Julien Hénault-Richard, Todd 
Rinaldi, Aaron Shafer, Len Vanderstar, Kevin White and 
Steve Wilson.

LITERATURE CITED
Andrus, K. J. 2005. A heli-skiing and mountain goat 
(Oreamnos americanus) habitat management model: a case 
study of the Skeena region interim wildlife management 
objectives. M. S. Thesis. Royal Roads University, Victoria, 
B. C.  

Ayotte, J. B., K. L. Parker and M. P. Gillingham. 2008. Use 
of natural licks by four species of ungulates in northern 
British Columbia. Journal of Mammalogy, 89(4): 1041-
1050.

Bailey, J.A. 1991.  Reproductive success in female mountain 
goats. Canadian Journal of Zoology, 69: 2956-2961.

Bejder, L., A. Samuels, H. Whitehead, H. Finn and S. 
Allen. 2009. Impact assessment research: use and misuse 
of habituation, sensitisation and tolerance in describing 
wildlife responses to anthropogenic stimuli. Marine 
Ecology Progress Series, 395:177-185.  

Bergerud, A.T. 1978. Caribou. Pgs. 83-101 in J.L. Schmidt 
and D.L. Gilbert, editors. Big Game of North America. 
Stackpole Books, Harrisburg, Pennsylvania, USA. 

Bleich, V. C., R. T. Bowyer, A. M. Pauli, M. C. Nicholson 
and R. W. Anthes. 1994. Mountain sheep Ovis canadensis 
and helicopter surveys: ramifications for the conservation 
of large mammals. Biological Conservation, 70: 1-7.

Bowker, J.M., A. E. Askew, H. K. Cordell, C. J.  Betz, 
S. J. Zarnoch, and L. Seymour. 2012. Outdoor recreation 
participation in the United States – projections to 2060. 
U.S. Forest Service Gen. Tech. Rep. SRS-GTR-160, 
Asheville, NC, USA 

Boyce, M. S., P. R. Vernier, S. E. Nielsen, and F. K. A. 
Schmiegelow. 2002. Evaluating resource selection 
functions. Ecological Modelling, 157:281–300.

British Columbia Ministry of Environment. 2010. 
Management plan for the mountain goat (Oreamnos 
americanus) in British Columbia. Victoria, BC. 87 pp. 

Bunnell, F.L. 1980. Factors controlling lambing period of 
Dall’s sheep. Canadian Journal of Zoology, 58: 1027-1031.

Bunnell, F. L., and A. S. Harestad. 1989. Activity budgets 
and body weight in mammals: how sloppy can mammals 
be? Current Mammology, 2: 245-305.  

BVORS. 2011. Mountain goats and winter recreation. 
Newsletter. Bulkey Valley Outdoor Recreation Society, 
Smithers, BC.

Cadsand, B. A. 2012. Responses of mountain goats to 
heliskiing activity: movements and resource selection. M. 
S. Thesis. University of Northern British Columbia, Prince 
George, British Columbia, Canada.



														              Page 9 

Cagnacci, F., L. Boitani, R. A. Powell, and M. S. Boyce. 
2010. Animal ecology meets GPS-based radiotelemetry: a 
perfect storm of opportunities and challenges. Philosophical 
Transactions of the Royal Society B, 1550:2157–2162.

Chabot, D. 1991. The use of heart rate telemetry in 
assessing the metabolic cost of disturbance.  Transactions 
of the North American Wildlife and Natural Resources 
Conference, 5: 256-263.

Chadwick, D.H., 1974. Mountain goat ecology-logging 
relationships in the Bunker Creek drainage of western 
Montana. M. S. Thesis. University of Montana, Missoula, 
Montana, USA.

Ciuti, S., J. M. Northrup, T. B. Muhly, S. Simi, M. Musiani, 
J. A.  Pitt and M. S. Boyce. 2012. Effects of humans on 
behaviour of wildlife exceed those of natural predators in a 
landscape of fear. PLoS One, 7: e50611.

Colescott J. H. and M. P. Gillingham. 1998. Reaction of 
moose (Alces alces) to snowmobile traffic in the Greys 
River Valley, Wyoming. Alces, 34:329–338

Côté, S. D. 1996. Mountain goat responses to helicopter 
disturbance. Wildlife Society Bulletin, 24:681-685.  

Côté, S. D. and M. Festa-Bianchet. 2001. Birthdate, mass 
and survival in mountain goat kids: Effects of maternal 
characteristics and forage quality. Oecologia, 127:230–38.

Côté, S. D., S. Hamel, A. St-Louis and J. Mainguy. 2013. 
Do mountain goats habituate to helicopter disturbance? 
Journal of Wildlife Management, 77:1244-1248.

Courtemanch, A. B. 2014. Seasonal habitat selection and 
impacts of backcountry recreation on a formerly migratory 
bighorn sheep population in northwest Wyoming, USA. 
M.S. Thesis. University of Wyoming, Laramie, WY.

Creel S., E. J. Fox, A. Hardy, J. Sands, B. Garrott and R. 
O. Peterson. 2002. Snowmobile activity and glucocorticoid 
stress responses in wolves and elk. Conservation Biology, 
3: 809–814

Crisfield, V. E., S. E. Macdonald and A. J. Gould. 2012. 
Effects of recreational traffic on alpine plant communities 
in the northern Canadian Rockies. Arctic, Antarctic, and 
Alpine Research, 44: 277-287.

Dailey, T.V., and N.T. Hobbs. 1989. Travel in alpine terrain: 
energy expenditures for locomotion by mountain goats and 
bighorn sheep. Canadian Journal of Zoology, 67:2368-
2375.

Denton, J. 2000. Dealing with unprecedented levels of 
aircraft-supported commercial activities. Proceedings of 
the Biennial Symposium of the Northern Wild Sheep and 
Goat Council, 12:138-152.

Dobson, H., and R. F. Smith. 1995. Stress and reproduction 
in farm animals. Journal of Reproduction and Fertility, 49: 
451-461.

Downs, C.J., B.V. Boan, T.D. Lohuis and K.M. Stewart. 
2018. Investigating relationships between reproduction, 
immune defenses, and cortisol in Dall sheep. Frontiers in 
Immunology, 9: 1-11.

Duchesne, M., S.D. Côté, and C. Barrette. 2000. Responses 
of woodland caribou to winter ecotourism in the Charlevoix 
Biosphere Reserve, Canada. Biological Conservation, 96: 
311-317.  

Dulude-de Broin, F., S. D. Côté, D. P. Whiteside and G. F. 
Mastromonaco. 2019. Faecal metabolites and hair cortisol 
as biological markers of HPA-axis activity in the Rocky 
mountain goat. General and Comparative Endocrinology, 
280: 147-157. 

Dulude-de Broin, F., S. Hamel, G. F. Mastromonaco 
and S. D. Côté. 2020. Predation risk and mountain goat 
reproduction: evidence for stress-induced breeding 
suppression in a wild ungulate. Functional Ecology, DOI: 
10.1111/1365-2435.13514

Festa-Bianchet, M., M. Urquhart, and K.G. Smith, 1994. 
Mountain goat recruitment: kid production and survival to 
breeding age. Canadian Journal of Zoology, 72: 22-27. 

Festa-Bianchet, M. and S. D. Côté. 2008. Mountain goats: 
ecology, behavior, and conservation of an alpine ungulate. 
Island Press, Covelo, CA, USA.

Flood, J. P. 2005. Just don’t tell me no: managing OHV 
recreational use on national forests. Proceedings of the 
2005 Northeastern Recreation Research Symposium. 
General Technical Report NE-341. U.S. Forest Service, 
Northeastern Research Station, Newtown Square, PA, 
USA.

Foster, B.R. 1982. Observability and habitat characteristics 
of the mountain goat (Oreamnos americanus) in west-
central British Columbia. MSc. thesis, University of British 
Columbia, Vancouver, British Columbia, Canada. 

Foster, B.R., and E.Y Rahs. 1983. Mountain goat response 
to hydroelectric exploration in northwestern British 
Columbia. Environmental Management, 7:189–197.



														              Page 10 

Fox, J. L. 1983. Constraints on winter habitat selection by 
the mountain goat (Oreamnos americanus) in Alaska. PhD 
Thesis. University of Washington, Seattle, WA, USA.

Fox, J. L., C. A. Smith, and J. W. Schoen. 1989. Relation 
between mountain goats and their habitat in southeastern 
Alaska. General Technical Report PNW-GTR-246. Pacific 
Northwest Research Station, Juneau, AK, USA.

Frid, A., and L. Dill. 2002. Human-caused disturbance as a 
form of predation-risk. Conservation Ecology, 1:1–11.

Freeman, S.D. 2018. Preliminary background information 
to support habitat management along the Jade Boulder Road 
for conservation of a sheep movement corridor. Edited 
by L. Bol and L. Seip. Unpub report. ERM Consultants 
Canada Ltd., Vancouver, British Columbia.

Frid, A.  2003. Dall’s sheep responses to overflights by 
helicopter and fixed-wing aircraft. Biological Conservation, 
110: 387-399.

Gaillard, J. M., M. Festa-Bianchet, N. G. Yoccoz, A. 
Loison and C. Toigo. 2000. Temporal variation in fitness 
components and population dynamics of large herbivores. 
Annual Review of Ecology and Systematics, 31: 367–393. 

Geist, V. 1964. On the rutting behaviour of the mountain 
goat. Journal of Mammalogy, 45: 551-568.  

Gill, J. A., K. Norris and W. J. Sutherland. 2001. Why 
behavioural responses may not reflect the population 
consequences of human disturbance. Biological 
Conservation, 97: 265-268.

Goldstein, M. I., A. J. Poe, E. Cooper, D. Youkey, B. A. 
Brown, T. McDonald. 2005. Mountain goat response to 
helicopter overflights in Alaska. Wildlife Society Bulletin, 
33:688–699.

Gordon, S. M., and D.M. Reynolds. 2000. The use of video 
for mountain goat winter range inventory and assessment 
of overt helicopter disturbance. Proceedings of the Biennial 
Symposium of the Northern Wild Sheep and Goat Council, 
12: 26-35.

Gordon, S. M. 2003. The behavioural effects of helicopter 
logging activity on mountain goat (Oreamnos americanus) 
behaviour. M. S. Thesis, Royal Roads University, Victoria, 
British Columbia, Canada. 

Gross, J. E., M. C. Kneeland, D. F. Reed and R. M. Reich. 
2002. GIS-based habitat models for mountain goats. 
Journal of Mammalogy, 83: 218-228.

Hamel S., and S. D. Côté. 2009. Maternal defensive 
behavior of mountain goats against predation by golden 
eagles. Western North American Naturalist, 69: 115-118.

Hamel, S., S. D. Côté, K. G. Smith, and M. Festa-
Bianchet. 2006. Population dynamics and harvest potential 
of mountain goat herds in Alberta. Journal of Wildlife 
Management, 70: 1044-1053.

Hamel S. and S. D. Côté. 2007. Habitat use patterns in 
relation to escape terrain: are alpine ungulates trading 
off better foraging sites for safety? Canadian Journal of 
Zoology, 85: 933-943.

Harlow, H.J., E.T. Thorne, E.S. Williams, E.L. Belden, 
and W.A. Gern, 1986. Cardiac frequency: a potential 
predictor of blood cortisol levels during acute and chronic 
stress exposure in Rocky Mountain bighorn sheep (Ovis 
canadensis canadensis).  Canadian Journal of Zoology, 65: 
2028-2034.

Hebert, D. M. and W. G. Turnbull. 1977. A description of 
southern interior and coastal mountain goat ecotypes in 
British Columbia. Proceedings of the Biennial Symposium 
of the Northern Wild Sheep and Goat Council, 1: 126-146.

Hurley, K. 2004. NWSGC position statement on helicopter-
supported recreation and mountain goats. Proceedings of 
the Biennial Symposium of the Northern Wild Sheep and 
Goat Council, 14:131-136.

Jex, B. A. 2004. Analysis of the topographic habitat 
attributes for mountain goat (Oreamnos americanus) 
winter ranges on the southern mainland coast of British 
Columbia. British Columbia Ministry of Water, Land & 
Air Protection, Chilliwack, British Columbia, Canada. 
Unpublished report. 41 pp.

Jex, B. A. 2007. Observational spot monitoring: Tamihi 
Logging Limited’s harvest operations in Airplane Creek, 
Block 1023 and mountain goat responses. British Columbia 
Ministry of Environment, Chilliwack, BC. Unpublished 
report. 22 pp.

Jokinen, M.E., M.S. Verhage, R. Anderson, and D. Manzer. 
2014. Observational description of alpine ungulate use at 
mineral licks in southwest Alberta, Canada. Proceedings of 
the Biennial Symposium of the Northern Wild Sheep and 
Goat Council, 19:42–63. 

Joslin, G. 1986. Mountain goat population changes in 
relation to energy exploration along Montana’s Rocky 
Mountain Front. Proceedings of the Biennial Symposium 
of the Northern Wild Sheep and Goat Council, 5:253–271.



														              Page 11 

Keim, J. 2004. Modeling core winter habitat and spatial 
movements of collared mountain goats. Proceedings of the 
Biennial Symposium of the Northern Wild Sheep and Goat 
Council, 14:65-86.

Larson, C. L., S. E. Reed, A. M. Merenlender and K. R. 
Crooks. 2016. Effects of recreation on animals revealed as 
widespread through a global systematic review. PLoS ONE 
11: e0167259. 

MacArthur R. A, R. H. Johnson, and V. Geist. 1979. Factors 
influencing heart rate in bighorn sheep: a physiological 
approach to the study of wildlife harassment. Canadian 
Journal of Zoology, 57: 2010-2021.  

MacArthur R. A., V. Geist, and R. H. Johnston. 1982. 
Cardiac and behavioral responses of mountain sheep to 
human disturbance. Journal of Wildlife Management, 46: 
351-358.   

Main, M. B., F. W. Weckerly, and V. C. Bleich. 1996. Sexual 
segregation in ungulates: new directions for research. 
Journal of Mammalogy, 77: 449-461.

Naugle, D. 2011. Energy development and wildlife 
conservation in western North America. Island Press. 
Covelo, CA.

Pendergast, B., and J. Bindernagel. 1976. The impact of 
exploration for coal on mountain goats in northeastern 
British Columbia. British Columbia Ministry of 
Environment and Lands, Victoria, British Columbia, 
Canada.  

Penner, D.F. 1988. Behavioral response and habituation of 
mountain goats in relation to petroleum exploration at Pinto 
Creek, Alberta. Proceedings of the Biennial Symposium of 
the Northern Wild Sheep and Goat Council, 6:141-158.

Poole, K.G., and D.C. Heard. 2003. Seasonal habitat use 
and movements of mountain goats, Oreamnos americanus, 
in east-central British Columbia. Canadian Field-Naturalist 
117: 565-576.

Poole, K. G., K. Stuart-Smith and I. E. Teske. 2009. 
Wintering strategies by mountain goats in interior 
mountains. Canadian Journal of Zoology, 87: 273-283.

Poole, K. G., K. D. Bachmann and I. E. Teske. 2010. 
Mineral lick use by GPS radio-collared mountain goats in 
southeastern British Columbia. Western North American 
Naturalist, 70: 208-217.

Rice, C. G. and D. Gay. 2010. Effects of mountain goat 
harvest on historic and contemporary populations. 
Northwestern Naturalist, 91: 40-57.

Richard, J. H., and S. D. Côté. 2016. Space use analyses 
suggest avoidance of a ski area by mountain goats. Journal 
of Wildlife Management, 80: 387-395.

Richard, J. H., J. Wilmshurst and S. D. Côté. 2014. The 
effect of snow on space use of an alpine ungulate: recently 
fallen snow tells more than cumulative snow depth. 
Canadian Journal of Zoology, 92: 1067-1074.

Risenhoover, K., and J.A. Bailey. 1982. Social dynamics 
of mountain goats in summer: implications for age ratios. 
Proceedings of the Biennial Symposium of the Northern 
Wild Sheep and Goat Council, 3:364-373.  

Schoen, J.W. and M.D. Kirchhoff. 1982. Habitat use by 
mountain goats in southeast Alaska. Final Report, Federal 
Aid in Wildlife Restoration Projects W-17-10, W-17-11, 
W-21-1, and W-21-2, Job 12, 4R, Alaska Department of 
Fish and Game, Juneau, Alaska.

Seip, D. R., C. J. Johnson and G. S. Watts. 2007, 
Displacement of mountain caribou from winter habitat by 
snowmobiles. Journal of Wildlife Management, 71: 1539–
1544

Shackleton, D. M. 1999. Hoofed mammals of British 
Columbia. Royal British Columbia Museum and UBC 
Press, Victoria and Vancouver, British Columbia, Canada.

Shafer, A. B., S. D. Côté, and D. Coltman. 2011. Hot spots 
of genetic diversity descended from multiple Pleistocene 
refugia in an alpine ungulate. Evolution, 65: 125-138.

Shafer, A., J. M. Northrup, K. S. White, M. S. Boyce, S. D. 
Côté, and D. W. Coltman. 2012. Habitat selection predicts 
genetic relatedness in an alpine ungulate. Ecology, 93: 
1317–1329.

Shakeri, Y. N. and K. S. White. 2018. Seasonal and sex-
specific variation in space use and site fidelity of mountain 
goats in coastal Alaska. Proceedings of the Biennial 
Symposium of the Northern Wild Sheep and Goat Council, 
22:33.

Shannon, G., M. F. McKenna, L. M. Angeloni, K. R. Crooks, 
K. M. Fristrup, E. Brown, K. A. Warner, M. D. Nelson, C. 
White, J. Briggs, S. McFarland and G. Wittemyer. 2016. 
A synthesis of two decades of research documenting the 
effects of noise on wildlife. Biological Reviews, 91: 982–
1005.



														              Page 12 

Singer, F. J. 1978. Behavior of mountain goats in relation to 
U.S. Highway 2, Glacier National Park, Montana. Journal 
of Wildlife Management, 42: 591-597.

Smith, K. 1982. Winter studies of forest-dwelling mountain 
goats of Pinto Creek, Alberta. Proceedings of the Biennial 
Symposium of the Northern Wild Sheep and Goat Council, 
3: 374–390.  

Spitz, D. B., M. Hebblewhite and T. R. Stephenson. 
2017. ‘Migrate R’: extending model-driven methods for 
classifying and quantifying animal movement behavior. 
Ecography, 40: 788–799.

Spitz, D. B., M. Hebblewhite, T. R. Stephenson and D. 
W. German. 2018. How plastic is migratory behavior? 
Quantifying elevational movement in a partially migratory 
alpine ungulate, the Sierra Nevada bighorn sheep (Ovis 
canadensis sierra). Canadian Journal of Zoology, 96: 
1385–1394.

Steidl, R. J. and R. G. Anthony. 2000. Experimental effects 
of human activity on breeding bald eagles. Ecological 
Applications, 10: 258–268.

Stemp, R.E. 1983. Heart rate responses of bighorn sheep 
to environmental factors and harassment. M. S. Thesis, 
University of Calgary, Calgary, Alberta, Canada. 

St-Louis, A., S. Hamel, J. Mainguy, and S. D. Côté. 2013. 
Factors influencing the reaction of mountain goats towards 
all-terrain vehicles. Journal of Wildlife Management, 
77:599–605.

White, K. S. 2006. Seasonal and sex-specific variation 
in terrain use and movement patterns of mountain goats 
in southeastern Alaska. Proceedings of the Biennial 
Symposium of the Northern Wild Sheep and Goat Council, 
15:183–193. 

White, K. S. and D. Gregovich. 2017.  Mountain goat 
resource selection in relation to mining-related disturbance. 
Wildlife Biology, wlb-00277.

White, K. S. and D. P. Gregovich. 2018. Mountain goat 
resource selection in the Haines-Skagway area: implications 
for helicopter skiing management. Wildlife Research 
Report, ADFG/DWC/WRR-2018-2. Alaska Department of 
Fish and Game, Juneau, AK.

White, K. S., D. P. Gregovich and T. Levi. 2018. Projecting 
the future of an alpine ungulate under climate change 
scenarios. Global Change Biology, doi.org/10.1111/
gcb.13919

Wilson, S.F., and D.M. Shackleton. 2000. Backcountry 
recreation and mountain goats: a proposed research and 
adaptive management plan. Wildlife Bulletin No. B-103. 
British Columbia Ministry of Environment Lands and 
Parks, Victoria, British Columbia, Canada.

Wilson, S.F., 2011. Recommended guidance for heli-
logging activities near ungulate winter ranges established 
for mountain goats in the Sunshine Coast Timber Supply 
Area. Prepared for the BC Ministry of Forests, Lands, and 
Natural Resource Operations, Victoria, BC. 

Wisdom, M.J., A. A. Ager, H. K. Preisler, N. J. Cimon and 
B. K. Johnson. 2004. Effects of off-road recreation on mule 
deer and elk. Trans. N. Amer. Wildl. Nat. Res. Conf. 69: 
531–550.

Wisdom, M. J., H. K. Preisler, L. M. Naylor, R. G. Anthony, 
B. K. Johnson and M. M. Rowland. 2018. Elk responses to 
trail-based recreation on public forests. Forest Ecology and 
Management, 411: 223–233.



														              Page 13 

Appendix:  Information Needs and Research Gaps 

Management/Monitoring:
Currently, there is little information available to track the 
location and intensity of human activities in or near moun-
tain goat habitats. Helicopter activity in particular is poorly 
monitored because it does not leave physical evidence. The 
following management and monitoring approaches are rec-
ommended:

•Spatially-referenced GPS flight track, landing site and area 
use information associated with commercial helicopter ac-
tivities is needed to ensure compliance with permit require-
ments (as applicable) and quantify disturbance activities (i.e. 
necessary for monitoring disturbance effects on mountain 
goat populations). 

•Geographical Information System (GIS) analyses (cur-
rently in development; S. Gordon, pers. comm.) are needed 
to enable analysis of incursions into pre-identified exclu-
sion zones (where these have been defined) and assessment 
of relative differences in disturbance activity among areas. 
Such analyses would aid an understanding of flight safety-
necessitated incursions, localized compliance and determi-
nation of mountain goat disturbance response thresholds. 

•Compilation of a database detailing management strategies 
and responses across jurisdictions would provide a basis for 
ensuring range-wide policy is science-based and consistent, 
to the extent possible.

•Development of policy that fosters data sharing between 
operators and local biologists to aid in development of effec-
tive mitigation strategies needed to reduce risk of potential 
disturbance to mountain goats (sensu Wilson et al. 2011).

•Development of decision-making frameworks, or risk ma-
trices, that are explicitly parameterized using ecological and 
socioeconomic data is needed to provide an improved means 
for implementing policy decisions that are scientifically de-
fensible and socially acceptable.  

Research:
•Long-term population monitoring in an experimental frame-
work focused on assessing impacts of disturbance intensity 
on population dynamics would enable greater understanding 
of population-level responses to disturbance activities. 

•Collection of broad-scale population and demographic 
monitoring data (i.e. province/state-wide) is important for 
establishing regional baseline population conditions, and aid 
in detection of whether disturbance related effects are occur-
ring in affected mountain goat populations.

•Additional studies on movement responses to disturbance 
under different intensities of disturbance and temporal scales 
(sensu Cadsand 2012) would provide a more comprehensive 
understanding of how disturbance influences movement be-
havior.

•Study of the effect of different helicopter types (light, medi-
um, heavy) on mountain goat disturbance responses, includ-
ing how orientation (above, level, below) and local topogra-
phy (terrain masking/amplification) influence responses. 

•Studies on the effects of snowmobiles, all-terrain vehicles 
and non-motorized backcountry recreational activities such 
as mountain biking, hiking and skiing (sensu Courtemanch 
2014) on mountain goats would fill existing knowledge gaps 
and provide effective guidance for managing these activities 
in mountain goat habitat.

•Future studies focused on relationships among disturbance 
and endocrinology, immune function, gut microbiome, and 
the extent to which they are ultimately linked to population 
performance (sensu Downs et al. 2018), would improve our 
understanding of disturbance responses that are not easily 
detected through direct observation. 

•Research on climate effects to assess shifting baselines (i.e. 
plant phenology, thermal stress, etc.) and possible interac-
tive effects on disturbance. Such studies would advance our 
understanding of bottom-up effects on mountain goats and 
provide important ecological context for observed popula-
tion-level changes, particularly as they relate to disturbance 
responses in the context of cumulative effects.
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Appendix, Table 1. Summary of recommendations and additional standards and guidance for effective management of commercial and 
recreational disturbance in mountain goat habitat.  

Mitigation Guideline   Recommendation   Additional Standards/Guidance   

Habitat exclusion 
 

-Avoid important seasonal habitats, especially 
during winter and kidding seasons, and mineral 
licks.  
 
-Delineate important habitat using best available 
data and analytical techniques. 

 
-Habitats used by nursery groups are key for 
population persistence and should be prioritized in 
management/mitigation strategies. 
 
-Include provisions to support inclusion of new 
habitat and use information as well as adaptive 
management approaches. 
 
-Most effective to delineate habitat prior to 
permitting/management of disturbance activities 

 

Distance from important 
seasonal habitats 

 
-Commercial or recreational disturbance activity, 
including use of light helicopters, should not occur 
within 1.5–2.0 km of winter and kidding habitats, 
or mineral licks, depending on the local context. 
 
-Industrial-scale mining activity should not occur 
within 1.8 km of important winter range 

 
-Greater separation distances should be considered 
when medium and heavy helicopters are used1. 
 
-Approach vectors and surrounding topography 
should be considered. 

 

Timing of disturbance 
activities 

 
-Avoid critical periods during the mountain goat 
life cycle: winter (Nov 1–Apr 30), kidding (May 
1–July 15), mineral licks (May 1–Aug 31). 

 
-Critical periods can vary geographically, and 
timing windows should be adjusted based on local 
data. 

 

      

Habituation/sensitization 
 

-Recognize that habituation of mountain goats to 
helicopter or other disturbance should not be 
assumed.  

 
-Disturbance alters fitness. If apparent tolerance of 
disturbance occurs, it does not infer effects are 
absent (physiological stress responses are often 
not visible). 

 

    
-Exposure to disturbance, especially if intense or 
chronic, may result in heightened sensitivity to 
disturbance.  
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Appendix, Table 1 (continued). Summary of recommendations and additional standards and guidance for effective management of 
commercial and recreational disturbance in mountain goat habitat.  

Mitigation Guideline   Recommendation   Additional Standards/Guidance   

Other motorized and non-
motorized recreational 
activities 

 
-Recreational activity should be regulated near 
important seasonal wintering and kidding habitats, 
and near mineral licks.  
  

 
-Regulation of off-highway vehicles and 
recreational activity should include seasonal 
timing of use, proximity to important habitat, 
speed and approach vectors. 

 

Monitoring: Policy 
 

-Permitting policy should be based on scientific 
data and analysis, and consistent with other 
jurisdictions, to the extent possible.  

 
-Consistent regulatory frameworks aid in 
acceptance among diverse stakeholders. 

 

  
-Monitoring should include compliance and 
evaluation of the effectiveness of mitigation 
strategies. 

 
-Investment into pre-permitting baseline 
environmental reviews should directly inform 
local permitting mitigation. 

 

  
-Commercial use permits should include 
enforceable provisions to address cases of non-
compliance.  

 
-Provisions should be included to modify 
permitted areas or conditions based on new 
information. 

 

  
-Disturbance activities should be spatially 
referenced and quantified (i.e. number of landings, 
flight paths, area use boundaries, etc.) 

 
-Monitoring should occur at the scale of 
management (i.e., population or sub-population 
scale). 

 

Monitoring: Mountain goat 
populations 

 
-Long-term monitoring of mountain goat 
population abundance, composition and 
distribution at the appropriate scale should be a 
precondition of all permitted disturbance-related 
activities. 

 
-Rigorous sampling designs, including treatment-
control areas and collection of relevant ecological 
covariate data, should be used to appropriately 
interpret factors driving population changes.  

 

      

1 ‘Light’ helicopters include, but are not limited to: Hughes 500, Bell 206, A-Star AS350. ‘Medium’ helicopters include Bell 212 and Kamov Ka-32A. ‘Heavy’ 
helicopters include Sikorsky Sky Crane CH-54, Boeing Vertol, Boeing 234 Chinook.  
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