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MONITORING EFFECTS OF HIGHWAY TRAFFIC ON WILD REINDEER

Bjørn Iuell (Email: bjorn.iuell@vegvesen.no), Environmental Section, Road Development Department, 
Directorate of Public Roads, Norwegian Public Roads Administration, Norway

Olav Strand (Email: olav.strand@nina.no), Norwegian Institute for Nature Research, Tungasletta 2, 
7485 Trondheim, Norway

Abstract: Some of the major wildlife problems associated with transport infrastructure development in Norway involve 
the negative effects on reindeer populations. Documented effects include barrier effects resulting in fragmented 
populations and indirect impacts on reindeer grazing caused by disturbance from road traffic and human activities in 
general. 

Wild reindeer are sensitive to disturbance and are known to have high alertness ageinstagainsttend to be extremely 
shy of  human activities. The disturbance caused by road traffic and human activities can reduce the reindeer h habitat 
use at relatively ’s use of areas for large distances (several kilometreskilometers) on either side of roads. The result 
of this avoidance is a reduction in the available grazing resources, which during the winter consist mainly of lichens, 
in wide zones parallel to roads, and an equivalent increase in grazing pressure in a zone at some distance from roads 
in undisturbed areas. Because lichens needs 20 – 30 years to recover after periods of   intensive grazing, the wild 
reindeer are regarded as especially vulnerable to barriers that reduce their possibilities to reach new grazing grounds.
At the Hardangervidda, the biggest mountain plateau in Southern Norway, the functional use of the wild reindeer 
area has probably changed from being a large-scale rotation in the use of the food resources and calving areas, to a 
more restricted use of a smaller and central area. become an overexploitation of a too small area. The northern parts 
of the Hardangervidda isparts of the Hardangervidda are, for example, functionally parted from the rest by Highway 
(Hw) 7 and the railroad. This situation is not unique to the northern parts of Hardangervidda, but appears to be a 
general problem for most of the edges , and many of the surrounding of the plateauareas that also happens to be most 
affected by humans and less are no longer used by the reindeer. 
The Norwegian directorate for nature management has suggested closing down a stretch of about 40 km of Hw 7 
crossing the Hardangervidda, during the winter months, hoping to . The aim is to resume reindeer habitat use in this 
partsthese parts of the areathe original use of the whole mountain plateau. Even if the road has very low traffic in the 
winter months (ADT 300-400), the suggestion has caused a lot of protests and discussions locally. 
In 2002 scientists from the Norwegian Institute of Nature Research (NINA) were engaged by the Norwegian Public 
Roads Administration (NPRA) in a five-year study to undertake research on patterns of reindeer habitat use and utiliza-
tion of the lichen grazing resources and on the movements of wild reindeer in the aareas believed to be influenced by 
the road close to the road. The main purpose of the project is to find out to which degree the road and/or the traffic 
generated by the road constitute a barrier for the wild reindeer, and if it  has a repelling effect on the animals. The 
NPRA will draw up its recommendation to the Parliament on the future management of the road based on the results of 
the project.
The project has equipped a total of more than 20 animals with GPS transmitters, providing continuous detailed and 
accurate data on their habitat use and movementsposition. The GPS units are where programmed to register localize 
each animal every the localisation of the animal each third hour. The data are stored in the computer in the collar, 
which includes a possibility for remote data transfer, and the computer is programmed to deliver the data for the last 
two weeks every second week. The collar also sends out a VHF signal, so the animal can be tracked, and the data 
downloaded to a portable computer.
Since the expressed effects in reindeer behaviourbehavior and habitat use are Because the fragmentation is the result 
of the cumulative effects of different disturbance sources, the project also aims to disentangle looks into the relative 
contribution level of disturbance to disturbance from other sources than road traffic, e.g.,xamples as such are pPower 
lines, the settlement of cottages and alpine resorts, and recreational use by skiers and snow scooters.  all contribute 
to the disturbance of the wild reindeer.

 

Maps of the distribution of different reindeer the food resources (e.g., lichens) have been produced both by using field 
surveys and by the use of satellite imagesphotos. When the preliminary GPS data are compared with the distribution of 
lichen resources, in the area, it is very appears that clear that the animals do not use the areas richest in lichens: oin 
the outskirtsfringe of the plateau and in a zone 5 – 7 km from the road. This zone of avoidance also strengthens the 
barrier effect of the road such that the migration routes to and from the North are more or less cut off. This is both a 
problem of reduced genetic flow, and the availability of winter grazing resources.
The field work closes in 2005, and the results will be presented in 2006. The data will hopefully also also give us 
valuable information about the relative disturbance from other all the different disturbance factors, so that action can 
be taken based on the right factors.
Future research should focus more on the relative and cumulative effects of different disturbance factors, and whether 
placing selected stretches of the road in tunnels can eliminate or reduce the negative  effects on reindeerthe distur-
bance from the road.
Keywords: wild reindeer, roads, barrier, fragmentation, disturbance, GPS

Introduction

More than 60 percent of Norway’s land area is situated above the timber line, which is approximately 1,000 meters 
above sea level in southern Norway. These alpine and sub-arctic tundra areas in southern Norway are a refuge for 
the remnant last populations of the European mountain reindeer (Reimers, Villmo et al. 1980).  left in Europe. The 
Norwegian topography is from nature’s side fragmented by long and deep fjords, with and narrow valleys surrounded 
by high and steep mountains. As our society has developed the natural barriers have become stronger, and the natural 
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landscape has become more and more fragmented. Norway is still called the green lung of Europe, and the density of 
roads is only 0.6 km/km2 compared to tThe Netherlands at 3.8 km/km2. (Trocme et al. 2002). (BJØRN; har du ref. til 
denne?) The densest developed areas are along the coast, and in the deep valleys. 

The major road systems are relatively simple (fig. 1), and they follow the topographic patterns that naturally fragment 
the country into a matrix of forested and mountainous habitats. The possible impacts of roads on Norwegian wildlife 
can be illustrated by their distribution and traffic levels. The total road network, including private roads and forestry 
roads, constitute a rather close and dense network of roads covering larger parts of the landscape (fig. 2).

  Figure 1. Main roads in Norway.             Figure 2. All roads in Norway.

The traffic density on Norwegian roads is relatively low compared to most western countries, and the average daily 
traffic (ADT) is highest in the south east part of the country and around the major cities (Fig. 3).

The traffic density on Norwegian roads is relatively low compared to most western countries, and the average daily 
traffic (ADT) is highest in the southeastern part of the country and around the major cities (fig. 3).

Figure 3. Average daily traffic density (ADT) on main roads in Norway.
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Together with the network of power lines, dams, and regulated water courses, the result is that there are just a few 
spots of untouched nature left. This can be illustrated even further in maps classifying habitats into undisturbed and 
developed areas. Figure 4 shows that the distribution of areas more than 5 kilometreskm fromto larger technical instal-
lations (wilderness), be it roads, railways, power lines, built-up areas, or regulated water courses, has become greatly 
reduced since 1900. In fact more than 95 percent of the areas classified as “wilderness” in Southern Norway have 
disappeared during the last century. The remaining wilderness areas are mainly protected areas above the treetimber-line.

 

Figure 4. Changes in the area of undisturbed land between 1988 and 2003 (Source: Statens kartverk/DN).

Wild reindeer

When the glaciers withdrew at the end of the last Ice Age, some 10,000 years ago, reindeer and man migrated into 
these areas from at least two different directions. the reindeer were already here. Some reindeer came from the South 
and Central Europe, and they inhabit today the southernmost areas in Norway. A second immigration came from the 
East, and descendants from this immigration are mainly found in the northern reindeer areas (DN 1995; Andersen and 
Hustad 2005). (Knut røed ).  and some from the east. There is still a predominant and documented genetic difference 
between these two groups of reindeer.

Prior to the industrial development wild reindeer moved more or less freely in two to three defined areas in southern 
Norway, the major barriers being the deep valleys between the mountain plateaus. The present distribution of wild 
reindeer into 23 more or less isolated management units (fig. 5), is thus a result of both natural factors and the effects 
of human infrastructure (Reimers, Villmo et al. 1980; Skogland and Mø›lmen 1980).
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Figure 5. Wild reindeer areas in South Norway before and now.

Today the distribution of wild reindeer is limited to the southern parts of Norway, with approximately 30,000 animals 
left(Jordhøy, Strand et al. 1997). The hunting tradition is still strong, and the annual harvest out-take varies between 
3,000 and 10,000, depending on the production and population levels. Hunting is of course strictly regulated by the 
means of annual population censuses and yearly adjusted hunting quotas.

Norwegian wild reindeer do not migrate over huge distances, like caribou or reindeer populations found in large arctic 
tundra areas, but they do have nomadic and seasonal movements at a smaller scale between winter, summer, and 
calving areas. Reindeer are also live in herd herds living animals and aggregate in relatively large groups. In evolution-
ary terms this herding behaviourbehavior is seen as an adaptation to co-existence with large predators (Skogland 
1989). Today large predators are functionally extinct from the Norwegian wild reindeer areas, and hunting is the single 
most important factor acting limiting reindeer numbers and preventing populations from overgrazing their habitat 
(Skogland 1985). As a result of deep snow and limited access to other forage, reindeer in southern Norway utilize 
lichens as their main winter forage (Kojola, Helle et al. 1995; Gaare 1997). Unlike green plants, lichens keep all their 
biomass above ground (they have no roots), and have slow recovery rates (up to 20-30 50 years) following after periods 
with high grazing pressure (Helle and Särkelä 1993; Miller 2000). Management and conservation of wild reindeer is, 
therefore, directed both at population management through harvest, aiming to keep populations at reasonable levels in 
relation to available winter pastures, and to protect remaining habitats from further developments (DN 1995; Andersen 
and Hustad 2005). 

Wild reindeer are known to be sensitive to disturbance caused by different kinds of human activity (Wolfe, Griffith et 
al. 2000; Nellemann, Vistnes et al. 2003). Even at long distances reindeer respond to skiers, hikers, snow scooters, 
and other vehicles. In the rather flat and open mountain areas reindeer are known to have a flight distance at several 
hundred meters, and sometimes escape disturbances by several kilometers (Reimers, Colman et al. 2000; Nellemann, 
Vistnes et al. 2001; Vistnes and Nellemann 2001; Reimers, Eftestol et al. 2003). Known effects of human distur-
bances and infrastructure on reindeer behavior and habitat use might be summarized on two different levels – first, 
at an individual or a direct level, corresponding to changes in behaviourbehavior or physiological state of single events 
where animals are disturbed by human activities. Second, effects of disturbances are demonstrated at the population 
level, where effects are documented through loss of important migration routes and grazing habitats (Wolfe, Griffith et 
al. 2000). The latter studies are more easily related to management questions (since they are documenting effects at 
the population or landscape level), but are less interpretable with respect to their underlying mechanisms and effects 
of single disturbances.    
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Methods and Materials

Study area
The Hardangervidda mountain plateau is the largest mountain plateau in Northern Europe, ~8200 km2 (Skogland 
1990), and can still be found as a rather large green spot in maps with classified wilderness areas (fig. 4). 
Hardangervidda is also the home for the largest population of the remnant European wild reindeer. A larger part of 
the Hardangervidda is today protected as a National Park (3422 km2) and is still used for hunting, fishing, and other 
outdoor activities.

Hw 7 is one of several roads between the two major cities of Oslo (the capital) and Bergen, on the West Coast, and 
crosses the northern parts of Hardangervidda. The Norwegian directorate for nature management suggested closing 
down the part that crosses Hardangervidda, a stretch of about 40 km, during the winter months. The aim is to restore 
reindeer habitat use in the northern parts of Hardangervidda. Even if the road has very low traffic in the winter months 
(300-400 ADT), the proposal has caused a lot of protest and discussion locally. Due to the local protests, the road is 
still open, except during periods of winter storms. The Norwegian Public Roads Administration (NPRA), therefore, had 
to carry out a survey in 2001, including both the biological issues and the socio-economic effects of such a drastic 
measure. The survey lead to the establishment of a five-year study of the wild reindeer’s use of the area in wintertime, 
based on the use of GPS collars attached to reindeer, and mapping of the grazing patterns of the wild reindeer. The 
project is financed by the NPRA and carried out by the Norwegian Institute for Nature Research (NINA), starting in 2002.

Data collection
In order to disentangle the effects of human disturbance on the habitat use of wild reindeer at Hardangervidda, 
the ongoing science project adopts a two-fold approach, focusing on both reindeer habitat use in relation to human 
disturbances and the relationship between reindeer grazing and vegetation. In addition to studies based on GPS-
collared reindeer and the use of habitat maps, we have also collected historical data including pit fall systems and 
former reindeer migration routes. 

Detailed data on reindeer habitat use (from GPS collars) are to be used together with habitat distribution maps in a 
GIS-based analysis of reindeer habitat selection. The rationality behind these types of studies is to generate models for 
reindeer habitat selection including standard parameters, such as seasonality, elevation, aspectaspect, and vegetation  
cover. Possible effects of human activities (and the road) will be tested as single elements in the models, and their 
ability to explain the residual variation in the models will be used in order to test the hypothesis regarding disturbance 
effects on reindeer habitat use.

Results and Discussion

During the last 50 years the density of reindeer at Hardangervidda has fluctuated more than five fold. During periods 
with high density (in the 1960s and the early 1980s) reindeer have found new and richer grazing areas in the outskirts 
of Hardangervidda and in neighboring areas (fig. 6). Available historical data thus indicate that reindeer habitat use is 
a dynamic process where population density and food competition are important elements. Bearing this and the rather 
obvious limitations of the historical data in mind, it appears that the functional use of Hardangervidda has changed 
from a large-scale rotation between complementary habitats and calving areas, to a more restricted occupation of 
central areas. The northern parts of Hardangervidda, including the glacier Hardangerjøkulen, appear to be functionally 
separated from surrounding areas to the South by Hw 7, and by the Oslo-Bergen railroad to the North.

Figure 6.  The past and present use of the Hardangervidda. 
(K= calving areas, S= summer areas, V= winter areas).
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Mapping of vegetation cover and reindeer pastures
Analyses of remotely sensed data show that we are able to map the vegetation cover on Hardangervidda with a reason-
able accuracy for our purposes and that 75 percent of the total satellite images are correctly classified. So far, we have 
greatest success in classifying lichen heath communities where the classification accuracy is >90 percent. We have 
greater difficulties, however, with classification of mires and snow-bed communities. Preliminary analyses of the data 
show relatively large regional differences in vegetation cover and distribution of reindeer summer and winter habitats. 
Areas with a large proportion of lichen heath communities, which are important to reindeer in winter, are more frequent 
in central and eastern regions, whereas snow-bed communities and rich summer pastures are more frequently found 
in southern and western areas (fig. 7). These analyses also confirm that the area North of Hw 7 contains potentially 
important pastures for reindeer, and that habitats close to the glacier should be regarded as potentially important 
areas for summer grazing. 

Figure 7. Vegetation cover maps describing the spatial distribution of important habitats. Areas with a large 
proportion of lichen heat communities, which are important to reindeer in winter, are more frequent in central 

and eastern regions, whereas snow-bed communities are more frequently found in southern and western areas.

Our studies on Hardangervidda have documented rather pronounced and large-scale regional differences in lichen 
biomass, suggesting a substantial increase in reindeer grazing pressure in central and undisturbed areas. Similar 
results were obtained in areas close to the road, and increasing levels of lichen biomass was observed in areas closer 
to the road (5-7 km), suggesting less reindeer grazing in these areas (fig. 8). The reduced biomass of lichens in remote 
areas further suggests that grazing has suppressed lichen biomass well below optimal levels in these areas, whereas 
lichens in the outskirts of the area probably have reached their un-grazed maximum biomass. 

Figure 8. Measurements of lichen height and volume indicate an increase in reindeer grazing pressure at greater 
distances (5-7 km) from the road.
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Using the Global Positioning System (GPS)
To be able to collect more detailed data of the movement of the wild reindeer, we initiated a GPS project, starting with 
six GPS transmitters (fig. 9). 

Figure 9. Wild reindeer with GPS collar.

The GPS collars were programmed to register the location of each animal every third hour. The collar also sends out a 
VHF signal so that the animal can be tracked. The GPS system used on Hardangervidda also allows remote download 
of data and was used to collect a data sample at the start of the project. Due to high field costs we later abandoned 
this routine. Presently, we download data when collars are retrieved from hunters or by removing collars by a remotely 
triggered “drop-of” mounted on the collar.

Due to the satisfactory experiences with the GPS collars the project was expanded with another 10 GPS collars in 
2002. Although we experienced some technical problems with some of the GPS collars most of them worked as 
scheduled. In late autumn 2004, however, we discovered that one out of a group of five similar collars had serious 
malfunctions. It was likely that all five collars had the same problems, and 10 new reindeer were collared. At most, we 
have had more than 20 GPS-collared female reindeer on Hardangervidda.

At this stage in the project (2005) we have been able to retrieve collars from 11 animals. From these collars we have 
extracted more than 40,000 data points with an average accuracy within 25 m. The rest of the collars will be collected 
during autumn 2005 and winter 2006.

Analyses of the GPS data so far indicate that collared females have had a rather uneven distribution and that the 
central areas have been extensively used (fig. 10). This effect seems to be especially strong in summertime (June, July, 
and August) when collared females have used less than 20 percent of the available area. During winter, reindeer seem 
to be more dispersed, and applications of Resource-Selection Function (RSF) models have confirmed a strong selection 
for lichen heath communities. We are now focusing our attention on refinement of vegetation maps and are developing 
different RSF models for reindeer habitat use, including parameters as vegetation cover, terrain properties (elevation 
and aspect), and density of human activities and distance from developed areas.
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Figure 10. Example of GPS plots from eight female reindeer between 2000 and 2003 indicates a more frequent 
use of central areas, whereas outskirts and disturbed areas appear less used by reindeer.

Detailed studies of the GPS plots close to Hw 7 show a pattern of movement than can be described as fear or 
avoidance (fig. 11).

Figure 11. Movements of wild reindeer according to GPS registration of four different animals close to Hw 7 
(red line).

Conclusions

In spite of some problems with the GPS collars, we expect to get the necessary data. The preliminary results suggest 
that we have been able to map habitat characteristics with necessary precision. The results from the RSF models 
are promising so far, although we still need to calibrate our models. We are probably ending up with a set of different 
models used to answer different questions (e.g., spatial scale, season; density of human installations vs. distance to 
GPS plots, etc.).

The field project ends in 2005, and the results will be presented in 2006. The data so far indicate that Hw 7 has an effect 
as a functional barrier, and that the appearance of human disturbance in general has a repelling effect on the reindeer.

The future management of Hw 7 in wintertime will depend on a political decision, which will also take into account 
factors other than wild reindeer. The analysis of the data from this project will document the effects of the Hw7 on the 
reindeer and provide a scientific basis to help enhance decision making about how to reduce the negative effects.
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