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Spatiotemporal tourism pattern in a large reindeer (Rangifer
tarandus tarandus) range as an important factor in
disturbance research and management

Vegard Gundersena, Knut Marius Myrvolda, Geir Rune Rausetb,
Sofie Kjendlie Selvaaga and Olav Strandb

aNorwegian Institute for Nature Research (NINA), Lillehammer, Norway; bNorwegian Institute for Nature
Research (NINA), Torgarden, Trondheim, Norway

ABSTRACT
Tourism and recreation in protected areas may compromise conservation
values if their forms and volumes exceed the area’s tolerance.
Disturbance-sensitive species such as wild and semi-domestic reindeer
(Rangifer tarandus tarandus) in most mountain areas in Fennoscandia are
particularly vulnerable to humans, but disturbance research seldom
includes data on the human component of this co-existence. By estimat-
ing the visitor volume in space and time and visitor characteristics in the
largest national park and wild reindeer range in Norway we analyzed
reindeer trail crossing propensity and examined the spatial overlap
between humans and GPS-collared female reindeer (n¼ 98) during sum-
mer. The data showed that female reindeer herds used areas with overall
less human traffic and recreational infrastructure. Reindeer herds started
avoiding crossing hiking trails used by more than 10–15 persons per day
and avoided crossing trails when visitor volumes exceeded 30–50 per-
sons per day. During the hunting season, the herds were largely dis-
persed and crossed over trails independent of visitor volume, indicating
a collective flight response to hunters. We discuss how including data
on human use can further our understanding of ecological effects in
disturbance research and how it can improve management interventions
for better co-existence between humans and reindeer.
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Introduction

One of the last herds of wild European reindeer rushes across the treeless landscape in a fluid

motion. Knowledge of the routes, the timing, and the destination has been imprinted in the

memories of young calves for millennia and makes up the core of the herd’s collective behavior

(Figure 1). They know where they are going. As the first storms sweep in from the west, the

herd starts moving east toward its winter range, which offers better grazing conditions and a

lower snow pack than the areas closer to the coast. The herd is, however, not alone. Hundreds

of hunters are waiting along the known routes, as they have for millennia, hoping for a clear

shot (Strand et al., 2012). This fall, every third animal will not make it to the winter range. Those
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who make the fall migration and survive the winter then prepare the reverse journey when win-
ter loosens its grip, and the first rays of spring sunshine hold promise of bountiful summer for-
age. Along the way pregnant cows will give birth to the next generation before they proceed
westward with their newborns. In the short summer that follows the animals need to build up
muscle and fat reserves to make it another year. At the same time the tourist season reaches its
peak, with thousands of hikers wanting to recharge and experience the Norwegian mountains
(Flemsaeter et al., 2019).

Like most other ungulates, reindeer navigate a landscape of fear. In Norway, reindeer have
been targeted by hunters for at least 10,000 years, and it is widely accepted that humans are
perceived as predators by reindeer (Røed et al., 2014). In the recent centuries, however, concur-
rent land use changes have shifted the space available to reindeer to exhibit their flight
responses (Reimers et al., 2006). Following industrialization, rapid and widespread development
of heavy infrastructure has fragmented the mountain landscapes in Fennoscandia to the point of
functional isolation with little to no gene flow among the populations (Kjørstad et al., 2017).
Improved access also increased human presence in larger portions of the sub-ranges. Today, a
new form of disturbance is on the rise. Tourism development in the form of outdoor recreation
is rapidly increasing in rural regions and presents a new disturbance regime (Kaltenborn et al.,
2014a). The challenge is to quantify it and discern how it affects reindeer. Previous research on
the effects of infrastructure on reindeer habitat use has provided insight into the different kinds
of avoidance responses, but this research has been conducted mostly in the fringes of their cur-
rent ranges (e.g. Flydal et al., 2019; Skarin & Åhman, 2014). However, a new disturbance regime
caused by human leisure activities interferes with reindeer (caribou) in a new way (Gundersen
et al., 2019; Lesmerises et al., 2017; 2018; Nellemann et al., 2010). Hiking and backcountry skiing
increasingly take place in wilderness-like areas that function as refuges for reindeer and that are
often protected. These trends challenge management to balance conservation and use of the
protected areas (Haukeland et al., 2010, 2013; Scolozzi et al., 2015). Current management of rein-
deer ranges increasingly need to consider the intensity of recreational use of “soft” infrastructure
in remote mountain areas in addition to the piece–meal encroachment of heavy infrastructure
along the fringes.

Figure 1. Wild reindeer seasonal migration at Hardangervidda range. Photo: Norwegian Institute for Nature Research.
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The role of interacting social and ecological processes in these systems have led to the
social–ecological systems paradigm (Folke et al., 2005). Management of land and wildlife popula-
tions needs to be conducted within the constraints set by societal needs, values, and require-
ments, and similarly, development should not compromise biodiversity and ecosystem services
(Allen et al., 2011; McFadden et al., 2011). To be most effective, management needs to consider
the users that it will affect in addition to addressing the desired biological outcome (Bateman &
Fleming, 2017; Monz et al., 2013). Management interventions to reduce disturbance of reindeer
is people management, and internationally, sustainable management of natural resources has
become increasingly challenging due to the immense human footprint on ecosystems and
increased mobility in the human population. Most of the Norwegian mountain areas and
national parks have observed increased human use, but receive relatively few visitors compared
to national parks worldwide (Gundersen et al., 2015). Norwegian national parks are typically
located in remote mountain areas and, by definition, have no roads and other heavy infrastruc-
ture (Holt-Jensen, 1978). Based on physical appearance, this corresponds more to the IUCN cat-
egory I, wilderness areas, than category II, national parks. The principle of common access rights
to all uncultivated land in Norway (Outdoor Recreation Act, 1957) is undisputable. Restricting
access is thus highly controversial and very rarely used, even in protected areas (Kaltenborn
et al., 2001; Nature Diversity Act, 2009). As a result, indirect approaches are more commonly
applied in Norwegian national parks (Haukeland et al., 2010), for example by strategies to guide,
inform or add/move/remove recreational infrastructure to direct the visitors to suitable areas that
have less negative impact on reindeer (Manning, 2010).

Many studies from Fennoscandia have documented a range of responses by semi-domestic and
wild reindeer to disturbance, including physiological changes (increased stress, activity, energy
expenditure), altered behavior (less time spent on foraging), and changes in habitat use and migra-
tion routes (Flydal et al., 2019; Skarin & Åhman, 2014). This strongly supports the hypothesis of a
spatial segregation between reindeer and humans (e.g. Nellemann et al., 2010; Panzacchi et al.,
2013a, b, 2015; Reimers & Colman, 2009; Strand et al., 2015; Vistad & Vorkinn, 2012), but infrastruc-
ture has largely been treated as a static attribute. As a consequence, the effects are often weak,
variable or unclear (Flydal et al., 2019), or are impractical for managers working within constraints
of existing infrastructure, where it is becoming more important to manage human presence.
Adding spatiotemporal data on human use can be an important step toward improving the applic-
ability of disturbance studies across large landscapes as this is internationally largely uninvestigated
(Coppes et al., 2017; Gutzwiller et al., 2017; Monz et al., 2010). In this paper we propose an estima-
tion method of human presence in a large national park using a combination of data sources.

Problem statement

Studies of disturbance on wildlife populations have previously treated human activity largely as an
effect with constant magnitude (Bateman & Fleming, 2017). One has rarely had the opportunity to
apply a more nuanced approach where the intensity of human travel varies in time, space, or
among different user groups (Gutzwiller et al., 2017; Monz et al., 2010). However, without a
description of the dynamic use of infrastructure it has been difficult to predict the effects of differ-
ent disturbance regimes on wildlife populations, and, in turn, to come up with a more precise
understanding of threshold levels or cumulative effects from human travel. If such precise know-
ledge is achievable, it will be very helpful in understanding human impact on wildlife populations,
and particularly on reindeer populations in Norway. This will also be a necessary baseline when try-
ing to agree on management goals for what constitutes acceptable use intensity (Haukeland et al.,
2013; Tyre & Michaels, 2011). Obtaining accurate and usable visitor counts in remote backcountry
settings is, however, challenging, especially in areas with dispersed use at both temporal and spa-
tial scales (Kajala et al., 2007; Monz et al., 2010). Based on this, our aims with the paper are
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1. Estimate spatial patterns of and intensity of use by visitors in the Hardangervidda area, both on
and off marked trails, in three periods during summer and fall (low-, high- and hunting-season).

2. Present the spatial distribution of the reindeer herds in the Hardangervidda area during the
three seasons.

3. Analyze reindeer trail crossings during the three seasons given trail use intensity, in compari-
son to trail use intensity of all available trails in the Hardangervidda area.

4. Discuss implications of such dataset as input in future disturbance research and for people
management to better provide coexistence of visitors and reindeer in large mountain areas.

Material and methods

Study areas

Hardangervidda national park (hereafter called NP) is one of 40 NPs in mainland Norway
(Figure 2). The NP was established in 1981 with a mandate to protect an intact and untouched
alpine ecosystem that is important habitat for European wild reindeer. The park is 3422 km2, and
lies entirely within the 8130 km2 Hardangervidda reindeer management unit (Figure 2). The man-
agement unit encompasses alpine and subalpine ecosystems, and is the largest unit in the coun-
try. The reindeer management plan aimed to have a population size of 10,000 individuals during
winter (Kjørstad et al., 2017). The management unit is located on a mountain plateau that forms
the divide between east and west in Southern Norway. It spans climatic gradients, from an
oceanic climate in the western part (high precipitation, mild winters) toward more of a continen-
tal climate in the eastern part (less snow cover, dry summers), and consequently encompasses
a gradient of reindeer habitats. Historically, reindeer migrated to preferred seasonal habitats
along these gradients (Gaare & Skogland, 1975; Strand et al., 2006), but now modulate their
movements in response to infrastructure and disturbance. The reindeer use of the summer range

Figure 2. Wild reindeer management areas in Southern Norway, including 23 distinct herds (in grey). The study area
Hardangervidda wild reindeer area, including the National Park area, is in red.
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was before the year of 2001 mostly in the northwestern part of Hardangervidda, an area that is
seldom used in the period after 2001 (Gaare & Skogland, 1975; Strand et al., 2006).

The fringe area of the NP has a very high density of heavy infrastructure such as hydro-electric
dams, main roads, gravel roads, private cabins, resorts etc., and recreational “soft” infrastructure
like marked trails and tourist cabins. The northern part is intersected by highway Rv7, and the
southern part is intersected by highway E134. Both roads are important transportation corridors
between east and west and are large barriers for the reindeer movement (Strand et al., 2015).

The plateau has a relatively high density of marked trails and tourist cabins (mainly operated
by the national trekking association, DNT) and sees moderate to high traffic on a national scale.
Areas in the matrix between marked trails and tourist cabins are dominated by local users and
wilderness seekers and have dispersed, low intensity use. Trolltunga in the west is the main
attraction of the entire area, including a 14 km (28 km back and forth) marked trail with an eleva-
tion difference of approximately 1000 m. The visitation to Trolltunga has increased tremendously
in the last years, from 15,000 visitors in 2013 to 80,000 visitors in 2018 (Selvaag et al., 2018).
Trolltunga is situated inside the wild reindeer range with increases access to remote portions of
the historical summer range (Strand et al., 2015).

Sampling of data on reindeer

In the period 2001–2018 a comprehensive research project has been implemented to identify
management solutions to balance human use and protection of reindeer populations at
Hardangervidda. Female reindeer were immobilized from helicopter and equipped with GPS col-
lars. For each individual we obtained a location every 3 h from 15 June to 1 October, as this is
the period when most visitors hike above tree line in the snow-free season. Outlying locations
were identified and removed using the script provided in Bjørneraas et al. (2010). Data process-
ing and all analyses were performed using the software R.3.6.3 (R Core Team, 2020). In all, 98
female reindeer were tagged, which should ensure representative movement data for the highly
herd-living Hardangervidda population in the period of 2001–2018 (Table 1). Longitudinal data
on this scale are rare, and gives a unique look into the habitat use of reindeer over long periods
of time. Position data are presented visually as density rasters based on the pooled GPS data set,
using uniform kernel density estimation with a 200 m search radius (Heatmap plugin, QGIS 2.18).

Note that reindeer data refer only to females. Male reindeer seem to show different patterns
of space use, however, male herds show higher tolerance for humans and often use fringe areas
including areas with higher visitor volume (e.g. Strand et al., 2015). Oppositely, females are the
most sensitive to summer disturbance factors, due to calving and the potential impact on fertility
(Stankowich, 2008). Furthermore, note that although the results presented here are based only
on the density of location for the GPS monitored individuals, our conclusions are also strongly
supported by previous and ongoing studies investigating the fine-scale spatiotemporal dynamics
of visitors and reindeer in wild reindeer ranges (Panzacchi et al., 2013a, b; 2015).

Sampling of data on human use

The human use of the area was monitored in 2017 by using a combination of surveys with a
short questionnaire in self-registration checkpoints at main park entrances (Selvaag et al., 2018),

Table 1. Number of GPS collared wild reindeer in the Hardangervidda range in the respective seasons.

Season Period n (locations) n (individuals) First date Last date

Low 15 June � 14 July 45903 98 2001-06-15 2017-07-14
High 15 July � 19 August 53699 98 2001-07-15 2017-08-19
Hunting 20 August � 1 October 57353 95 2001-08-20 2017-09-30
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and by 68 automatic counters in 2016 (pre-project), 2017 and 2018. We performed an analysis of
all possible entrances to Hardangervidda NP by studying aerial photo and infrastructure on map,
and defined altogether 114 entrance points. Some of these entrances were not suitable for our
methods, because they limited public access (private parking areas, small harbors etc.). We there-
fore truncated the dataset to include only those entrances that had a capacity for �20 cars and
ended up with 35 main entrances. Here, we installed self-registration checkpoints from 15 June
to 1 October, 2017. This is a commonly used method in Norway, and almost all 40NPs have up
to date been assessed using this kind of survey. The sampling frame and methods is described
in detail in Selvaag et al. (2018). Self-registration cards were available in Norwegian, English and
German. Each registration box was inspected 3 or 4 times over the summer. In all, 4980 self-
registration cards were completed by individuals 14 years and older. The most common group
sizes were two and three persons, and a few groups had more than 10 members (Selvaag et al.,
2018). A test for non-response bias has been made for the checkpoints method (Wilberg, 2012),
and the overall results showed some minor biases that were mainly in accordance with similar
international studies on non-response surveys(e.g. Fredman et al., 2009; Hindsley et al., 2011):
Local inhabitants were underrepresented, and highly educated people interested in nature con-
servation were to some extent overrepresented. However, we found no significant differences
between a sample from these groups of visitors (locals, high-educated) and the entire survey
material regarding trip characteristics, preferences, and attitudes (Selvaag et al., 2018), and we
conclude that the survey sample was fairly representative for the people using the most popu-
lar entrances.

We measured visitor use at 27, 68 and 60 sites through automatic counters inside the NP dur-
ing the summer season 2016, 2017 and 2018, respectively (15 June– 1 October). This was done
by two kind of counters, EcoCounter (18 units) and TrafX (49 units), both with a pyroelectric sen-
sor. The accuracy of the automatic counters is subject to both qualitative errors, as they can
record movements that do not represent actual visitors, and technical errors, caused by charac-
teristics of the counter or the installation site (Kajala et al., 2007). The effects of technical errors
on the accuracy of counters have been intensively tested (Andersen et al., 2014) and operate in
summertime within a ±5% accuracy with proper installation. Regarding qualitative errors we
have corrected the number of counts for activity related to installation and operation of the
counters. Installation of the counter sensor one meter above the trail ground exclude smaller
animals like sheep and dogs but may also have missed some children. However, small children
are always hiking together with adults that have been counted. Twenty-nine counters were
placed in proximity to the self-registration boxes to calculate response rates for the survey. We
counted 46,616 individuals on 28 locations (target population) during the time the self-registra-
tion boxes were operating, indicating an overall response rate of 10.7% (i.e. the 4980 respond-
ents to the survey). In fact, the response rate is somewhat higher, because a person often fills
out a questionnaire on behalf of a group of people.

Estimation of trail use index (TUI)

The Trail Use Index (hereafter called TUI) indicates the estimated number of people in each trail
segment, per day (Gundersen et al., 2019). Note that although the TUI is correlated to the num-
ber of different visitors on each trail, it is not equal to such number. For example, a given visitor
can walk the same trail segment back and forth and be counted twice, and a given visitor usu-
ally walks several trail segments. Hence, the TUI reflects the number of persons (but not neces-
sarily different individuals) walking a given trail segment, which is an adequate measure
regarding disruption to and impact on reindeer trail crossing. The day-to-day use of trail seg-
ments varies largely with factors such as weather conditions, day of the week, hunting period,
and the timing of organized trips (Andersen et al., 2014). However, based on average levels of
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use we defined three different distinct periods during summer season: Low summer season (Jun
15–Jul 14), high summer season (Jul 15–Aug 19) and hunting season (Aug 20–Oct 1 ).

With several hundred trail segments in the Hardangervidda NP, we did not have the capacity
to install automatic counters at all segments. Instead, each questionnaire respondent had the
opportunity to draw their hiking routes on maps. We digitized all the hiking routes, identified
trail segments in the NP, and obtained a pattern of visitor use. We defined a trail segment as
the route from an entrance to the first trail junction or the route between two trail junctions
inside the NP. The number of respondents that drew their routes on a particular trail segment
accounted for a relative use of that particular trail segment compared to all the other trail seg-
ments identified. The use of each trail segment is the basic unit in the intensity map, describing
both the spatial pattern of use and the relative volume of visitors on each trail segment. In all
2555 respondents drew their route starting their trip from the 35 main entrances, distributed
over 180 trail segments. We used data from all the other counters on selected trail segments to
test the accuracy of this estimation method. We compared estimates of day visitors at each seg-
ment with day counter data (157 counting sites) from 2017–2018, and the linear regression
model from the trip drawings fit well with the counter data at Hardangervidda (Selvaag et al.,
2018) and other wild reindeer ranges (Gundersen et al., 2019).

Analyzing TUI of trails crossed by reindeer compared to available trails

To analyze which trails reindeer crossed during the three seasons, and whether the TUI of these
differed from all the available trails in the Hardangervidda area, we converted reindeer GPS loca-
tions with regular 3 h intervals into linear trajectories and spatially linked these to the trail seg-
ments. In cases where one reindeer trajectory crossed more than one trail segment, the
trajectory was assigned the TUI value of the most intensively used trail segment. TUI values were
binned by regular sequences of 5 (0–5, 5.01–10, etc.), and relative number of reindeer crossings
and available trail segments (km) within each bin were calculated. Because the TUI values where
highly asymmetrical (right skewed) we later log transformed this data (i.e. ln(TUI þ 1) to produce
only positive values). Patterns of reindeer crossings as a function of TUI, as well as all available
trails, were analyzed using smoothing splines in general additive models (GAM), and model pre-
dictions were plotted each for the three seasons.

Results

Visitor volume and dynamics

We counted a total of 332 307 persons passing by the 68 automatic counter sites at
Hardangervidda during the summer 2017 (1 July–1 October) and 354 949 persons passing 60
counter sites in 2018. Out of this, 152 437 persons (46%) passed the counter at Trolltunga in
2017 and 142 206 (40%) persons in 2018, that is the main visitor attraction in the
Hardangervidda NP. The peak visitation happened in the end of July and the beginning of
August, and occurred somewhat earlier in 2018 than 2017 (Figure 3). The intensity of visits fluc-
tuated daily over the entire season (i.e. all three periods), but was particularly pronounced during
the low season and hunting season, when visitation rates were much higher on weekends than
on weekdays. The number of visitors was substantially lower during the hunting season than the
high visitor season, and was highest during the first week (Aug 20–Aug 27). Our year-round
counters (n¼ 8) showed a seasonal rhythm with high use intensity in the summer season
(July–September), followed by a period of low use during late autumn and early winter
(October–March). The intensity increased a bit in the late winter–early spring (noticeably around
Easter), and then decreased to a minimum in May during snowmelt. The counters also depict
the day-to-day variation that can be explained by weekdays vs. weekends, holidays, and weather
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conditions. Another prominent characteristics from the counter data is that about 90% of the
counts are within a 12 hours daily time span from 08:00 to 20:00.

Visitor profile based on questionnaires

Hardangervidda NP is frequently visited on daytrips and is also a prominent tourist destination
with high proportions of foreign visitors, first-time visitors and visitors that used marked trails
only (Table 2). Very few respondents used the areas outside marked trails (2%), and out of all vis-
itors, 9% can be classified as strong purist seeking solitude and authentic experiences in wilder-
ness-like areas (Vistad & Vorkinn, 2012). Local residents (3% of all respondents) typically know
the area well and commonly use different parts of the NP, often in conjunction with other activ-
ities such as herding, fishing, hunting, or berry picking. In general, local visitors are underrepre-
sented in such surveys (Fredman et al., 2009; Wilberg, 2012), but 3% of the survey sample is a
very low number compared to comparable data from the other 39 NPs in Norway (data not
shown). This indicates that a very low proportion of the users at Hardangervidda (Trolltunga
excluded) are local residents living in the eight neighboring municipalities. Two percent of the
visitors were part of an organized trip. Most of the visitors did not have much knowledge about
the area (rating of “very poor” or “poor” knowledge), but were satisfied or very satisfied with
the outdoor facilities in the park.

Trail use index and reindeer density

We identified large variations in the intensity of trail use by the visitors within the study area
(Figures 4–6). Some sections of the study area have a dense network of trails that see a high
intensity of use, whereas other areas have few trails and low intensity of use. Especially
the northwestern and northern parts of Hardangervidda NP had very high trail densities and
intensities of use.

Figure 3. Number of visitors passing by 68 (2017) and 60 (2018) automatic counters during the period of 15 June–1 October
at all main entrances and selected trail segments within the Hardangervidda NP.
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Reindeer were concentrated in the southeastern area during the low and high summer sea-
sons (Figures 4 and 5), but were more dispersed during the hunting period (Figure 6). A qualita-
tive inspection of the maps indicate a seasonal large-scale segregation, where reindeer use areas
with lower density of trails or areas with trails with minor use during the whole summer (15
June–20 August; both low and high summer seasons). During this period the reindeer used only
about 20% of potential total summer grazing areas. The locations most frequently used by

Table 2. User profile of the visitors to the Hardangervidda National Park: Based on the onsite survey using self-registration
checkpoints at the 34 main entrances (n¼ 4980 respondents). The entrance Trolltunga was excluded from the material.

Hardangervidda NP

Gender
Female 50.9%
Male 49.1%

Age (mean years) 42.9
Number of countries 42
Main purpose (multiple response)
Hiking 85.9%
Viewpoint/summit 28.3%
Experience wild reindeer 6.7%
Fishing 6.4%
See birds/animals 12.1%
Experience the national park 36.4%
Hunting 0.7%
Pick berries/mushrooms 2.3%
Herding 0.7%
Run/exercise 2.2%
Horseback riding 0.2%
Other 5.7%

How will you move?
Mostly along marked paths 80.5%
Both along and away marked path 17.1%
Mostly away marked paths 2.4%
Trip length (in hours, mean) 4.4

Size of traveling group (mean) 2.7
Organized trip (Yes) 2.0%
Children (<15 years old) participating on the trip (yes) 16.1%
Spent the night in the mountain (yes) 44.1%
First time visitors (yes) 47.2%
Where did you find information (multiple response)
Always known about 35.3%
Relatives/friends 22.3%
Written media/books 26.3%
Tourist information 23.6%
Internet/Apps 37.1%
National Park center 3.7%
Others 5.2%

How well do you know Hardangervidda NP
Very well 9.0%
Well 23.6%
Poor 33.8%
Very poor 28.6%
Don’t know 5.0%

What is your overall impression about the outdoor facilities?
Very dissatisfied 3.4%
Dissatisfied 1.2%
Neither/nor 15.1%
Satisfied 48.2%
Very satisfied 32.1%

The purism level (mean) 3.26
Low purist (1–3.5) 64.8%
Medium purist (3.51–4.49) 25.8%
Strong purist (4.5–7) 9.4%

N 4980
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Figure 4. Trail Use Index (mean values for 2017 and 2018) and location of 98 GPS monitored reindeer in Hardangervidda NP
area during low summer season (Jun 15–Jul 14) in the period of 2001–2018.

Figure 5. Trail Use Index (mean values for 2017 and 2018) and location of 98 GPS monitored reindeer in Hardangervidda NP
area during high summer season (Jul 15–Aug 19) in the period of 2001–2018.
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reindeer were in the areas much less frequently used by humans, characterized by no marked
trails or tourist cabins (Figure 4).

During the hunting season the situation was different, and the reindeer used a much larger
area. However, areas in the west and in the fringe in the north were not used by reindeer during
the hunting season, even though historic records suggest these areas were used in late summer
and early fall. In the hunting period, the visitor traffic is somewhat lower overall, but some trails
in the fringe areas in the western and northern part are important for multiple-day hiking and
day-trips in this period.

In all we identified 2241 km of hiking routes in the Hardangervidda area derived from the visi-
tor’s drawings (Figure 7). There were very different intensities of use between the segments.
Most trail segments saw less than 1 person per hour. There was only one segment with a higher
intensity than 64 persons per hour, the Trolltunga trail, which exceeded 64 persons per hour
both during low and high summer season. We identified 635 km of trail (28% of all segments)
with more than 30 visitors per day during the high summer season (Figure 7). The similar figures
in the low summer season were 523 kilometers and 23% of all segments. The most intensively
used trails were in the fringe areas, but there were several trails with high level of use in the
center of the Hardangervidda NP (Figure 5).

Trail use index and reindeer crossing

We identified that reindeer prefer to cross trails with low TUI intensity compared with high TUI
intensity for all seasons (Figure 8). During low and high summer seasons, the relative number of
reindeer crossings were substantially higher at low TUI trails than of trail availability
(Figure 8A,B). As TUI increased the numbers of reindeer crossings dropped below availability,
indicating that reindeer actively avoided crossing intensively used trails. During hunting season

Figure 6. Trail Use Index (mean values for 2017 and 2018) and location of 95 GPS monitored reindeer in Hardangervidda NP
area during hunting season (Aug 20–Oct 1) in the period of 2001–2018.
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(Figure 8C) reindeer crossings followed the same pattern as trail availability, indicating no
selection or avoidance of trails based on intensity of human use.

The analyses indicate that the reindeer herds during low and high summer seasons started
avoiding trails used by more than 10–15 persons per day (i.e. ln(TUI þ 1) ¼ 2.2–2.7) and
refrained from crossing when intensity increased to more than 30–50 persons per day (i.e. ln(TUI
þ 1) of 3–4). These analyses did not identify an absolute threshold value for ceased movement,
but we observed trails crossing at a maximum of 239 persons per day on one trail segment in
the hunting season.

Discussion and implications

The human component in disturbance research

Recent studies on the spatial and temporal overlap of reindeer and humans have addressed the
gap between scale of investigation and the scale of the disturbance (Flydal et al., 2019; Skarin &

Figure 7. Number of kilometers in each Trail Use Index class (mean values for 2017 and 2018) during low summer season
(Jun 15–Jul 14), high summer season (Jul 15–Aug 19), and hunting season (Aug 20–Oct 1) in the Hardangervidda NP.

Figure 8. Relative distribution of reindeer crossings and available trails in the Hardangervidda area as a function of human
trail use (TUI) during low tourist season (Jun 15–Jul 14), high tourist season (Jul 15–Aug 19), and hunting season (Aug 20–Oct
1) 2016–2018. TUI values were binned and converted to a logged scale (ln(TUI þ 1)). Patterns of use and availability were fit-
ted by smoothing splines in general additive models.
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Åhman, 2014). Our data showed that a relatively high proportion of the trail segments (48%)
experienced only up to 10 person/day; a much lower proportion (15%) of the segments had
more than 50 persons/day on average; and the most intensely used trail segment had on aver-
age 1777 persons/day in the period 15 July to 20 August 2018. Our reindeer density and trail
crossing data showed that this enormous spatial variation in human use is likely to have differen-
tial impacts on wild reindeer movement and habitat use. We interpret our data to be an indica-
tion of strong negative spatiotemporal relationship between occurrence of humans and reindeer
during summer. These findings were derived from analyses that showed a reduction of reindeer
trail crossing by increasingly human trail use (2016–2018) and from visual inspection of maps
that showed spatial segregation between human use (2017–2018) and reindeer density
(2001–2018). Internationally, there are very few disturbance studies on reindeer and caribou that
have included temporal use of infrastructure. Leblond et al. (2013) identified a positive correl-
ation between caribou avoidance of roads and disturbance level on the roads, and they con-
cluded that: “Our study showed that the avoidance behavior of a large, disturbance-sensitive
herbivore is related to disturbance intensity”. Lesmerises et al. (2017, 2018) found that there exists
a vigilance–feeding tradeoff related to the intensity of hikers and functional loss of habitat as
result of the intensity of backcountry skiing. These studies and our results illustrate that the
responses of reindeer to human activity are complex, and that our understanding of them can
be improved by precise data on human usage intensity. Much of the progress in disturbance
research has come from our ability to obtain more detailed information on reindeer habitat use
(Panzacchi et al., 2013b, 2015). Adding detail on the human component can represent an import-
ant step toward a more comprehensive understanding of thresholds and tolerance levels for
wildlife in general (Bateman & Fleming, 2017; Gutzwiller et al., 2017). Gathering data on human
use of large and remote ranges is complex, challenging and time consuming (Monz et al., 2010).
However, new technology now enables researchers to sample data on reindeer (from GPS tags)
and human use (from in situ automatic counters, self-registration checkpoints) at regional and
long-term scales at an affordable cost (Gundersen et al., 2019). Thus, we argue that improved
quantitative data on the human use of infrastructure as input in empirical analyses will substan-
tially increase our knowledge of the impacts of disturbance and the effects of management
interventions.

Even though these findings result from a comprehensive empirical dataset from
Hardangervidda NP, it is not a mechanistic analysis of reindeer habitat selection. However, our
study is the first to describe the spatial and temporal pattern of human use at a very large spa-
tial extent (>8000 km2) with dispersed human use, and based on the results we hypothesize that
human use is an important factor in explaining the concentrated space use by GPS collared
female reindeer herds in summer since 2001. This is supported by earlier habitat selection mod-
els that indicated potentially suitable reindeer summer habitats distributed over most parts of
the Hardangervidda wild reindeer range (Falldorf, 2013). A weakness here is that the data on
human use is from a short period (2016–2018) relative to the long-term series of reindeer data.
There may be some changes in the human use of the area in this period (e.g. the increasing
popularity of Trolltunga), but based on data from hotel and tourist cabin stays (Strand et al.,
2006, 2015) and the fact that there have been very few changes in the recreational infrastructure
during this period (Selvaag et al., 2018), we may assume that the spatial and temporal pattern of
human use from 2017 to 2018 is fairly representative for the period 2001–2018. Our study shows
some overall patterns that are supported by ecological studies from other reindeer areas in
Norway (Kjørstad et al., 2017), and that generate hypotheses to be formally tested.

Management of ungulate populations is characterized by a long history of collaboration
between managers and scientists, which produced a relatively good understanding of population
dynamics, density dependent processes, effects of harvest, space use and life history for the focal
species (Strand et al., 2012). Today’s reindeer management puts increasing attention to spatially
explicit issues related to land management in each management unit, and by explicitly including
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the human dimension. Many of the wild reindeer ranges in Southern Norway overlap with
national parks, and park management is faced with a tradeoff between allowing for increased
tourism development and conserving Europe’s last remaining wild reindeer herds (Kjørstad et al.,
2017). Despite this apparent tradeoff, we have here showed that there could be large potential
for “sharing space” in NPs through spatial and temporal segregation of visitor activities from
core reindeer areas. There is therefore a need to understand reindeer habitat selection in relation
to different levels of human presence on the landscape (Gundersen et al., 2019).

Management intervention to change human behavior

A wide range of methodologies has been developed to deal with the complex dynamics of
social–ecological systems, including management strategies that explicitly aim at increasing
knowledge, reducing uncertainty, and increasing the legitimacy in the implementation phase by
involving the stakeholders (Allen et al., 2011). Wildlife managers and land policy makers are thus
faced with the challenge to harmonize the complexity of competing societal needs, stakeholders,
individual requirements and wildlife management goals. Such challenge has to be tackled in
light of a certain degree of uncertainty associated to each of these layers, which may grow
throughout the decision-making process (McFadden et al., 2011; Tyre & Michaels, 2011). With the
recent shift in national park policy follows an increased demand for knowledge-driven manage-
ment, which needs to be largely site specific (Haukeland et al., 2010). Governmental initiatives to
improve rural economies cannot come at the expense of conservation values, and any business
development is regulated by the same laws and statutes as before the initiative was launched. It
is therefore imperative that management strategies are adaptive and driven by defensible analy-
ses (Allen et al., 2011).

Our findings have implications for managing outdoor recreation in way that can minimize
detrimental effects on reindeer populations. First, results from the surveys showed that most visi-
tors use designated recreational infrastructure (main entrance, marked trails, bridges, tourist cab-
ins), and on the contrary, very few hiked off marked trails. This suggests that there are
potentially large refuge areas in the matrix between recreational infrastructure in the
Hardangervidda NP, but we have showed that the reindeer herds refrained from crossing over
heavily used trails to reach these areas. Even though most of the heavily used trails are in the
fringe areas, some trail segments in the central part of Hardangervidda have high intensity of
use in parts of the summer. This may be one of the most important reason that the reindeer
herd at Hardangervidda currently uses only about 20% of the available summer grazing area
resources (Strand et al., 2015). We identified several trail segments in the historical core summer
range which constrain the herd’s space use. These marked trails are located east and north of
the core summer grazing area and may prevent the animals to move to the western and north-
ern part of Hardangervidda NP. Especially the western part of the area historically encompassed
important summer grazing areas for the herd that have not been used in the GPS collaring
period from 2001 (Gaare & Skogland, 1975). Long-term effects of concentration of the herds and
potentially overgrazing in a relatively small area during the summer have not been studied. It is
a high priority management goal to increase the reindeer space use and movement
(Hardangervidda National Park Management Plan 2011). To reach this goal it may be necessary
to remove some of the most problematic trails and cabins (e.g. Nellemann et al., 2010), or intro-
duce other kind of restrictions that reduce the volume of visitors in summer in these areas.

Few studies have estimated the spatial and temporal dynamics of human use of recreational
infrastructure in large remote areas (Gutzwiller et al., 2017; Monz et al., 2010; Riungu et al.,2018).
Our data show that intensity of use of the trail network in Hardangervidda NP varied substan-
tially. In general, the majority of trails see low intensity use (i.e. less than 20–30 persons a day) in
the area. The greater Hardangervidda plateau resembles wilderness and the use of the area is
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dominated by low-intensity outdoor recreation activities like hiking, fishing, hunting, and others
uses that focus on the experience of a pristine landscape. Public right of access and the tradition
of outdoor recreation in Norway is for comparison much less commercialized and specialized
than outdoor recreation activities available in North America (Kaltenborn et al., 2001). Translated
directly as “every man’s right” (allemannsretten in Norwegian), the law grants any one the right,
with in certain restrictions, to roam freely across private and public land, and to pick wildberries,
mushrooms and flowers, collect drywood for campfire, and put up a tent, although no closer
than 150 m from private homes and cabins. This freedom to enjoy nature comes with responsi-
bilities, and assume good judgment by everyone involved. Direct visitor management measures
such as zoning of use and quota restrictions are rarely applied in Norwegian national parks.
Instead, indirect approaches to channeling visitors and physical site-specific management meas-
ures are more common. One important approach is to use physical infrastructure strategically for
visitor guidance. Examples include visitor centers, viewpoints, information plates, marked trails,
campsites and bridges that will attract and concentrate visitors in a particular area, while protect-
ing valuable natural resources at same time. As the concept of protected areas (often within
wild reindeer range) is shifting from “protection from people” to “sustainable use”, a much
deeper understanding of responses to anthropogenic disturbance is urgently needed to support
sustainable and more flexible management strategies (Kaltenborn et al., 2014b). One of the main
challenges is thus to manage visitors by different types of site-specific measures and facilities
(Manning, 2010; Riungu et al., 2018). For example, in backcountry hiking areas, management is
largely about trail management, since most use occurs along marked trails (Gundersen et al.,
2015). Trail restrictions are most likely to be accepted – and hence most effective – for those
who use services and infrastructure in the mountain areas, as long they have other options for
their hikes. However, any kind of area restrictions (space and time) will provoke locals, visitors
participating in subsistence harvesting, and wilderness seekers. There can be considerable vari-
ation in user profiles across reindeer ranges. Improved knowledge abouthuman use of these area
can be a critical component for assessing how acceptable new management interventions
could be.

Management zoning as a tool for sharing space

Our results suggest that the segregation between reindeer and visitors during low and high
summer seasons depends in part on the amount of recreational infrastructure and the intensity
of use of the infrastructure, and this is in line with former research that have studied cumulative
disturbance from “soft” infrastructure (e.g. Panzacchi et al., 2013a). In the low and high tourist
seasons our analyses indicate that the most used trails in reindeer core areas caused problem for
the reindeer to cross over, and thus limited their space use. During the hunting period, however,
the reindeer are, continuously disturbed by hunters. This “state of emergency” causes the herd
to cross trails and coincidentally use a large part of its range. It is a paradox that this stressed
behavior can have management advantages, since the herd sometimes starts to reuse historically
important areas and migration corridors during the hunting season (Panzacchi et al., 2013a). The
reindeer were more dispersed during the high summer season than during the low summer sea-
son (earlier in summer). The main reason for this is likely that the females consider the risk for
crossing large rivers for the calves to be too high early in the summer (Strand et al., 2006). The
area uses for the reindeer in the period 2001–2018 have been narrowed to a smaller area in the
southeast corner of Hardangervidda NP during the low summer season. Earlier analyses have
stated that large areas at Hardangervidda are suitable calving areas (south-facing slopes, early
spring, grazing resources etc.; Panzacchi et al., 2015), and the herd has had calving areas much
further west and south before the GPS collaring period (Strand et al., 2006). It is not easy to
interpret the reasons for observed patterns, and both biotic and abiotic factors may have
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implication for the choice of calving areas in May. Especially, cross country skiing between public
tourist cabins in the late winter may also affect the choice of calving areas (Strand et al., 2006).

If a true socio–ecological systems approach were to be adopted, the primary challenge is to
balance human presence with reindeer conservation. Thus far, trail restrictions or other types of
active separation of reindeer and people have not been implemented in Norwegian NPs. The
only active measure has been to reduce the degree and rate of encroachment into the protected
area, showing a skewed balance toward tending more to human development than to reindeer
conservation. Restricting access to certain areas would level out the imbalance and uphold the
ecological portion of the social–ecological systems idea. Based on this segregation we suggest a
simple three-part zoning strategy that consider different zones: Wilderness areas, backcountry
hiking areas, and main entrance areas (Gundersen et al., 2019). Wilderness zones are equivalent
to refuge areas for reindeer. In these areas we suggest no future development of recreational
infrastructure, and existing infrastructure may be subject to removal if they jeopardize access to
important functional areas. Backcountry hiking areas take place at the main network of recre-
ational infrastructure at Hardangervidda NP, in most cases marked trails between the tourist cab-
ins. Backcountry infrastructure includes simple facilities like bridges, information boards, maps,
signs etc. There may be the largest conflicts between tourism and reindeer in the backcountry
zone, and in sections with high conflict levels it may be necessary to remove infrastructure or
regulate their use. Examples of such situations include marked trails that act as barriers for rein-
deer, where an alternative to removing the trail is to regulate the number of visitors. In the
entrance zone, development of new infrastructure may attract visitors for mountain experiences
and at same time deter them from using areas in the core reindeer areas.

Trail use estimates revealed that segments in the central part of the park had relatively low
number of visitors compared to entrance areas. An overall strategy should be channel visitors to
the fringe areas and reducing the intensity in sensitive reindeer area. The current management
plan allows differential management between fringe and core areas, which essentially is zonation
(Riungu et al., 2018). Our findings have implications for the success of marketing destinations in
the fringe areas, for example keeping the day-trip and first-time visitors in the fringe areas could
imply that they stay out of the sensitive reindeer area. The appropriate destination attractions
and activities should be allocated and presented to visitors in order to enhance destination com-
petitiveness in the fringe areas, e.g. also provide some kind of wilderness-like experiences the
feeling of solitude and authentic experiences (Vistad & Vorkinn, 2012). These strategies may be
strengthened by a marketing and information strategy to pull the visitors to sites with appropri-
ate attractions and at same time cause less strain on the conservation values of the NP. To know
that their presence and behavior in the fringe areas of Hardangervidda NP does not compromise
reindeer conservation may also be important for many tourists.
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