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people per day use the official route. Considering the 
length of  the route and the number of  tracks left in 
the snow, those deviating from the official route rep­
resent only rare cases. 

Reactions of  wildlife to the drone flights were not 
observed at any time. No wild animals at all were seen in 
the images and videos, although it is known that the area 
contains many wildlife species (including ungulates). It 
seems that they were not disturbed by the drone.

Discussion

The results of  this study indicate that drones can 
be used for monitoring conservation efforts in moun­
tain areas during winter. They have proven to generate 
comprehensive data at high spatial resolution with low 

operational costs (Jones et al. 2006). However, in order 
for this tool to be superior to conventional methods 
like fieldwork on foot, it is a precondition that there 
should be no, or only very little, disturbance to wildlife. 
In this study, no wildlife movements were observed 
and hence disturbance was considered low, a finding 
that has been observed in other contexts (Ditmer et 
al. 2015; Sarda-Palomera et al. 2012; Vas et al. 2015). 
To draw a general conclusion from this result, how­
ever, would be risky as it is known that the aeronautical 
settings of  the flights are critical. Bears, for example, 
show some physiological reaction to close flights (Dit­
mer et al. 2015). Given that flying 50 to 100 m above 
vegetation delivered useful data, we are confident that 
this flight altitude can be used successfully for flights 
in winter landscapes. By this means, tracks from snow­
shoe hikers and ski tourers can be detected and rough­
ly quantified in areas that are not easily accessible on 
foot or should generally be left undisturbed. Equipped 
with more capable sensors than a standard camera, the 
drone could provide pictures with higher resolution, 
and hence could be flown at higher, even less disturb­
ing, flight altitudes. Drones do, however, also offer in­
conveniences. As shown in this study and other simi­
lar studies (Anderson & Gaston 2013; Christie et al. 
2016), drones generally have a low flight endurance, 
are sensitive to high wind speeds, and cannot be flown 
in bad weather. Other types of  drones (e. g. Multicop­
ters) could relieve some of  these problems, but they 
would be restricted to smaller investigation areas due 
to their higher electricity consumption.

This case study covered only a small study area in 
which winter trails are waymarked and information 

Figure 4 – Tracks from snowshoe hikers photographed from a 
flight altitude of  about 100 m. © S. Weber

Figure 5 – Winter tracks of  snowshoe hikers and ski tourers around the strictly protected capercaillie area.
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about sensitive species is provided to snowshoe hik­
ers. The results indicate that these measures offer an 
appropriate way to manage visitor flow in winter, con­
firming the results of  Freuler and Hunziker (2007). 
Expanding the drone flight area would help EBR man­
agers to identify other problematic zones of  human-
capercaillie encounter and to monitor the success of  
any future measures, thus constituting a further step 
towards true evidence-based management.

Conclusion

Drones provide a promising monitoring tool for 
the management of  protected mountain areas in win­
ter. They can cover large areas and allow tracks of  
snowshoe hikers and ski tourers to be detected using 
flight altitudes that are sufficiently high not to disturb 
wildlife. For visitor flow management in winter, way­
marking trails and providing information about distur­
bance effects are a successful way to keep snowshoe 
walkers and ski tourers away from sensitive capercaillie 
habitats. For the long-term survival of  the whole sub-
population, management and monitoring measures 
should be expanded over larger areas.
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