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Abstract 

The objective of this thesis was to examine whether forest structure and ground vegetation could 

explain the habitat choices of the reindeer within similar forest stands. The field work was 

carried out on 60 sites scattered across a part of the winter grounds for Vilhelmina Norra 

reindeer herding district. All sites were situated within so-called core and key areas, i.e. areas 

which the herding district sees as necessary for the reindeer husbandry in the area. Information 

from GPS-collared reindeer were used to create RIVO (by the Reindeer Identified [as] Important 

Areas) maps, where areas the reindeer preferred were shown. The results showed that the core 

and key areas were not significantly different from each other regarding the forest structure, nor 

the vegetation, but there were some differences in terms of the habitat choice of the reindeer and 

when the core and key areas were combined with RIVO. The differences concern mainly the 

coverage of ground lichens, epiphytic lichens and moose presence. Results from other studies 

suggest that the reindeer habitat selection is dependent on the weather and snow conditions, and 

looks very different from year to year. The snow conditions are in turn affected by the forest 

structure, so it is important that the grazing grounds have a heterogeneous forest landscape, 

including areas which under normal circumstances would not be seen as important for the 

reindeer husbandry. 

 

Keywords: Reindeer husbandry, habitat choice, winter grazing grounds, forest structure, GPS-
collars, key and core areas, RIVO 

Sammanfattning 

Syftet med detta examensarbete var att undersöka huruvida skogsstrukturen och 

markvegetationen närmare kunde förklara varför renarnas habitatval inom snarlika 

skogsbestånd ändock skilde sig åt. Fältarbetet utfördes på 60 provpunkter utspridda inom en del 

av Vilhelmina Norras samebys vintermarker. Alla provpunkterna var inom så kallade kärn- och 

nyckelområden, det vill säga områden som samebyn anser vara av nödvändiga för att kunna 

bedriva renskötsel i området. Information från GPS-halsbandsutrustade renar omvandlades till 

RIVO(av Renen Identifierade Viktiga Områden)kartor, där områdena som renarna föredrog 

visades. Resultatet visade att kärn- och nyckelområdena inte skilde sig signifikant ifrån 

varandra, varken gällande skogsstrukturen eller vegetationen, men däremot fanns det vissa 

skillnader sett till renarnas habitatval och när kärn- och nyckelområdena kombinerades med 

RIVO. Skillnaderna gällde framförallt täckningsgraden av marklavar, epifytiska lavar samt 

älgförekomsten. Resultat från andra studier tyder på att renarnas habitatval styrs av väder- och 

snöförhållanden, och ser markant olika ut från år till år. Snöförhållandena påverkas i sin tur av 

skogsstrukturen, varför det är av vikt att betesmarkerna har ett heterogent skogslandskap, även 

innehållandes områden som normalt sett inte anses som viktiga för renskötseln.   

 

Nyckelord: Renskötsel, habitatval, vinterbetesmarker, skogsstruktur, GPS-halsband, kärn- och 
nyckelområden, RIVO 
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1. INTRODUCTION 

1.1 Reindeer husbandry in Sweden 
 

Reindeer (Rangifer tarandus), called caribou in North America, is present throughout the 

whole arctic and boreal region of the northern hemisphere. In Sweden there are at present 

more than 260,000 reindeer, all of them semi-domesticated and belonging to a herding 

district, as is the case for most of Fennoscandia (Sametinget.se). Most of these reindeer have 

their winter grazing grounds in the boreal forest and their summer grazing grounds in the 

alpine mountains (Skarin 2006). Despite being semi-domesticated, reindeer can in many 

ways be compared to and treated as their wild counterparts, since the conditions and the 

environment they live in differ very little from the wild reindeer. This is useful, since results 

from semi-domesticated Eurasian reindeer and wild reindeer from both Eurasia and North 

America can be compared. 

 

There are 51 reindeer herding districts in Sweden (Löf et al. 2012) and their grazing area 

covers between 40 and 50 % of the total land area of Sweden (the borders are somewhat 

unclear (e.g. Sandström and Wedin 2010, Löf et al. 2012)). This area is subsequently divided 

into seasonal parts, used during different periods throughout the year. On the winter grazing 

grounds, reindeer husbandry is allowed to take place between the 1st of October and the 30th 

of April (Löf et al. 2012). In the earliest months of winter (October-January (sometimes 

shorter, dependent on the weather)), the reindeer spend time in forests rich in grass (mainly 

Deschampsia spp.) and on mires rich in Carex spp., until the snow depth becomes too 

excessive. After this (November-April), the animals are dependent on pine forests rich in 

ground lichens (mainly Cladonia spp. and Cetraria islandica, Jougda 2012). Ground lichens 

constitute ≤ 80 % of the reindeer diet during winter (Moen et al. 2007, Olofsson et al. 2010) 

and are thus of great importance for the reindeer husbandry. Cladonia spp. can cover a large 

area of the forest floor under the right conditions, i.e. especially in dry, mature Scots pine 

(Pinus silvestris) forests with a good access of light (Čabrajić, 2009). Epiphytic lichens 

(mainly Bryoria spp.) are especially important for the reindeer husbandry during winters 

when events of frost and thawing are common occurrences, since this create ice-crusts over 

the ground lichens. Epiphytic lichens grow and disperse at a relatively slow rate; studies have 

shown that the forest stand needs to be > 60 years to have sufficient lichen abundance 

(Horstkotte et al. 2011, Horstkotte 2013).  

 

The reindeer has a highly developed sense of smell; it can detect Cladonia spp. under > 0.5 

metres of snow, and even more if the snow is permeable. An ice-crust can make it impossible 

for the reindeer to both detect the lichens and reach them; the properties of the snow are 

hence crucial for the ability of reindeer to survive the winter, sometimes even more important 

than the amount of suitable grazing (Hagström et al. 2011, samer.se).  

 

1.2 Reindeer management plan  

The Swedish forest agency, with the support of the Sami parliament, has since 2000 lead a 

project concerning the creation of reindeer management plans (Renbruksplan, abbreviated 

RBP) for all herding district (Löf et al. 2012). RBP can be seen as a means for the reindeer 
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herding districts to visualize the most important grounds and needs when dealing for 

instance with forestry companies (Jougda et al. 2011). The first step in developing a RBP is to 

decide upon a least one core area in each of the seasonal grazing grounds. It marks important 

areas in which reindeer naturally gather and regularly use for grazing, resting and/or rutting 

(or calving). These areas usually consist of mature pine forests and are sensitive to 

disturbance. Within these core areas, one or more key areas must be recognised. These key 

areas mark the most important areas, which, if disrupted, make the core areas lose their 

value and thus are cardinal for the reindeer husbandry in the area (Jougda 2012). The project 

originally only regarded core areas, with key areas being introduced later, after discussions 

with the reindeer herding districts. The word is derived from “key biotope” (Per Sandström, 

pers. comm.).   

 

Vilhelmina Norra was the first herding district that started to develop a RBP in 2000. The use 

of GPS-collars started in 2005 (Sandström and Wedin 2010), to help improve the 

delimitation of key and core areas along with the help of the tool RenGIS (i.e. “reindeerGIS”), 

which translates the GPS-information into something called RIVO, an abbreviation of “av 

Renarna identifierade viktiga områden” (“by the reindeer identified [as] important areas”). 

Vilhelmina Norra had by 2010 a total of 63 collars, of which 33 was in use, mainly on adult 

females, but also to some extent on castrated bulls (Jougda et al. 2011). There is a clear 

agreement between the core and key areas chosen by the herding district and the habitat 

choices of the reindeer (i.e. RIVO). However, the work with RIVO has revealed that there is a 

divergence between different years concerning which areas the reindeer choose as grazing 

grounds.  

 

1.3 Other human activities that affect the reindeer husbandry 
 
 Being in need of large quantities of land, reindeer husbandry often utilize the same areas as 

other human interests, such as infrastructure (roads, wind- and hydropower), mining, 

agriculture, nature conservation, recreation (e.g. hunting) and, most of all, forestry (Berg et 

al. 2008, Jougda et al. 2011). The availability of good grazing ground and migration routes 

between summer and winter grounds are of the utmost importance for the reindeer 

husbandry. The most severe difficulties at present are access to good grazing, conflicting land 

uses and poorer winter conditions due to climate change, and changes in the forest structure. 

The availability of ground lichens is dependent on both forestry and snow conditions, while 

the availability of epiphytic lichens depends entirely on forestry (Löf et al. 2012). In falling 

order are soil scarification, clear-cutting of old forests rich in epiphytic lichens, plantations of 

Pinus contorta and fertilization the silvicultural actions which affects the reindeer husbandry 

the most. This is mainly due to the detrimental effect they have on lichens, since it may take 

several decades for them to reestablish, but also because clearings may make the grounds 

harder to cross (Berg et al. 2008, Larsson 2014). Clear-cutting has been the most common 

practice in the Swedish forestry industry since the 1950s. Analogous to this, the conflict 

between reindeer husbandry and forestry increased during the latter half of the 20th century 

(Roturier and Roué 2009). The cause of conflicts at present differs very little from those in 

the 1970s, but both the forest industry and the herding community agree that there has been 

some improvement in the communication during the last couple of years (Roturier and Roué 

2009, Larsson 2014). The indigenous Samis’ right to e.g. reindeer husbandry is protected in 

the Swedish constitution and forest companies are required to consider this in their forest 

management (Larsson 2014). 
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1.4 Thesis objective  
 

The information from the GPS collars has shown that the reindeer clearly prefer the core and 

the key areas above the surrounding forests stands, but not always use the whole areas. Since 

the directives of core and key areas are clearly stated, the goal for this thesis is to determine 

whether there are distinctive differences within the areas that might explain why the whole 

areas are not being utilized by the reindeer, since this may help improve the assessment of 

the core and key areas in the future. Specific questions addressed in this study are: 

 

 Does the forest structure determine where reindeer choose to have their winter 

habitat? 

 Can the summer vegetation help in identifying good grazing grounds (given the 

information they can provide regarding light and water condition etc.)? 
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2. METHODS 

2.1 Study area 
 

With its 14,400 km2 Vilhelmina Norra is the largest reindeer herding district in the 

county of Västerbotten, allowed to keep a total of 8,400 reindeer (excluding calves). 

Vilhelmina Norra is divided into two winter groups, Marsfjäll and Vardofjäll, which have 

separate grazing grounds the whole season (Sandström and Wedin 2010). This study has 

been done in areas used by Vardofjäll, located circa 100 kilometres from Umeå (Fig. 1). 

The mean temperature in the area for January is -13˚C and it has an average of 175 days 

of snow per year (SMHI.se). 

Fig. 1 Map showing the borders of Vilhelmina Norra reindeer herding district. The key areas in this study are 
indicated with black and he core areas with the lighter colour. Created with the help of Sandström and Wedin 
(2010) and the ArcGIS-maps provided by the reindeer herding district.   

2.2 Study sites 

A total of 60 sites were chosen with random stratification in ArcGIS, but within pre-

classified areas. The sites were distributed so that it was possible to compare the data in 

three different ways: first divided into key and core areas (i.e. areas the herding district 

thought would be preferred by the reindeer, 30 sites in each category), then subdivided 

within these areas into RIVO (i.e. areas that in reality was preferred by the reindeer to a 

lesser or greater extent, 20 sites in each category), and finally a combination of core or 

key area and RIVO (10 sites in each category, Fig. 2).  
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Fig. 2 Chart showing how the sites where 

distributed within the different categories. Each 

grey box equals 10 sites. 

 

This was done with the help of maps showing core and key areas and RIVO, provided by 

Vilhelmina Norra reindeer herding district. The information on RIVO was created with 

the help of data from GPS-collared reindeer, collected throughout the winter 2011/2012 

(October-April), with the coordinate-data collected every other hour. The map was 

layered (which made it possible to divide areas into no, low or high reindeer activity),  

created with the help of the statistical method Brownian bridges, which is useful when 

dealing with data from individuals from migratory populations, such as reindeer, taking 

both temporal and density data in consideration (Appendix 1, Per Sandström, pers. 

c0mm.). GPS-coordinates were used to find the exact locations. 

 
2.3 Field work 

The field work was done between 27th of June and 4th of July 2013. Certain factors which 

could potentially be limiting, such as predator pressure or anthropogenic disturbance, 

could not be measured within the limits of this thesis, but is discussed below. 

Evidence of reindeer and moose (Alces alces) activities on the site was collected with the 

help of indirect observations, such as evidence of grazing and faecal pellets observations, 

apart from the direct observations based on the data collected from GPS-collars (Skarin 

2006). 

The factors used to describe the forest structure include tree species, tree height and stem 

basal area. The height of the tallest trees was measured with a Suunto device (angle 

gauge), and the stem basal area was estimated with a relascope.  

 

2.3.1. Lichen and vegetation surveys 

On each study site, a 50 metres long transect in north-south direction was used, with 

seven 0.25 m2 plot squares on even distances (at each 10 m, with an additional plot at the 

coordinate midpoint) used to estimate the percentage of lichen cover, the lichen height 

(cm), and to describe the ground vegetation. The smallest amount of lichen cover noted 

was <2%, which equals half of one of the 25 smaller squares the 0.25 m2 plot was divided 

into.  
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Measurement of height and cover of reindeer lichens (mainly Cladonia rangiferina, C. 

arbuscula, and C. stellaris) was made in order to estimate the biomass volume. Previous 

studies have shown that there is a significant positive relationship between lichen height 

and biomass, and thus a method which required no dry sampling was used, i.e. a non-

destructive method (Moen et al. 2007, Olofsson et al. 2010). Cetraria islandica was only 

found at one transect, and was thus aggregated with the Cladonia spp, since Moen et al. 

(2007) only found small differences regarding the relationship between biomass and 

height between different lichen species. The height of the lichens was measured down to 

0.5 cm accuracy and the cover was visually estimated within the frame. 

 

Epiphytic lichens (mainly Bryoria spp., sometimes also Usnea spp.) were only marked as 

present or absent, with the help of pre-decided categories consistent with Horstkotte et 

al. (2011). Very small amounts of lichens could be classified as absent if deemed too small 

to function as a food resource. 

 

Within all plots, all additional vegetation was recorded even if just one plant was found. It 

was also noted which was the dominating plant, seen to the volume. The plants are 

mainly described in order to get information about e.g. light conditions and soil moisture, 

since they are not an essential food resource during the winter. Bryophytes were to the 

greatest part made up of Pleurozium schreberi, occasionally mixed with Hylocomium 

splendens, and was therefore aggregated into one group, apart from Sphagnum spp. and 

Polytrichum spp., since they were the typical bryophyte species at sites consisting of 

mires and other wetter areas, and thus distinguishable as a different habitat type. If the 

plot contained bare soil or debris, this was also noted. 

2.4 Data analysis  

The data was shown to be normally distributed and thus the parametric test ANOVA was 

possible to use to detect significant differences between the different areas. The Post-Hoc 

test Tukey HSD was used when the data showed significant (p<0.05) results, to 

determine between which sites the differences laid. ANOVA was performed on the 

following parameters: lichen cover, lichen height, stem basal area, P. sylvestris 

dominance, tree height, species richness (ground vegetation, i.e. vascular plants and 

bryophytes), and the distribution of forest stands versus clear-cut areas. In order to 

examine differences in vegetation between the different areas, PCA Ordination was 

performed. The PCA, or principal components analysis, Ordination is a multivariate 

analysis which, in this case, graphically shows how the sites are similar or differ from 

each other, concerning the vegetation cover. The closer the sites are, the more similar 

they are, and vice versa. All the statistics were performed in R (version 2.15.2) and in 

Microsoft Excel starter 2010. 
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3. RESULTS 
 

3.1 Forest structure 

The means for the key and core areas show some differences; the key areas have 

higher mean values regarding the lichen cover, signs of reindeer, less clear-cuts, and a 

forest structure indicating a more mature forest than the other areas (Table 1). 

 

The areas which the reindeer preferred the most (i.e. “high RIVO”) had higher mean 

lichen cover, as well as lichen height and more epiphytic lichens. The forest structure 

also differed, being slightly denser with taller trees, having a higher dominance of P. 

sylvestris and fewer clear-cuts. 

 

In the combined areas, the key area + high RIVO were the sites which stood out from 

the others. It had the highest mean of all areas concerning the cover and height of the 

ground lichens, sign of reindeer, epiphytic lichens, pine dominance and tree height, 

as well as the lowest mean when it comes to the species richness and amount of clear-

cuts. As a contrast, the core area + high RIVO had the lowest mean of all areas when 

it comes to lichen cover and stem basal area. 
 

 
Table 1 Mean values of different environmental factors, for the different variants of site partition. 

 

TYPE  

MEAN 

LICHEN 

COVER 

(%) 

MEAN 

HEIGHT 

LICHEN 

(CM) 

MEAN 

NUMBER 

OF 

SPECIES 

SIGN OF 

REINDEER 

(%) 

MOOSE 

(%) 
EPIPHYTIC 

(%) 

STEM 

BASAL 

AREA 

PINE 

DOMINANCE 

(%) 

MEAN 

HEIGHT 

TALLEST 

TREES 

(M) 

CLEAR-
CUT 

(%) 

CORE AREA 8.21 3.93 4 10 10 50 11.87 70 10.41 30 

KEY AREA 17.52 3.89 3 17 27 33 14.2 66 14.29 11.67 

NO RIVO 9.41 3.64 3.5 0 40 40 12 65 8.55 25 

LOW RIVO 11.28 3.30 3.33 20 0 35 12.7 60 13.91 25 

HIGH RIVO 17.92 4.80 2.67 20 15 50 14.4 80 14.42 12.50 

NC 9.41 3.61 3.7 0 0 60 25.1 70 12.3 35 

NK 10.51 3.66 3.74 0 80 20 22.95 60 11.75 15 

LC 10.85 3.68 3.51 20 0 60 11.5 70 13.4 30 

LK 11.51 2.92 3.77 20 0 10 14 50 14.4 20 

HC 5.88 4.52 3.42 10 30 30 11.4 70 12.1 25 

HK 31.03 5.07 2.75 30 0 70 17.4 90 18.4 0 

TOTAL 12.98 3.91 3.48 13.33 18 42 13.1 68 13.72 21 
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The core and key areas showed no significant differences regarding the 

environmental factors, even if the lichen cover and amount of clear-cut was very close 

to being significantly bigger in the core areas (Table 2a). The areas with different 

RIVO-values had significant differences regarding the species richness (less in the 

high RIVO areas) and moose presence (being less in both the low and high RIVO 

areas, Table 2b). Moose presence was significant also in the combined areas (key area 

+ no RIVO had higher presence than all the other areas), as well as both the ground 

lichen cover (higher in the high RIVO areas within the key areas than in the core 

areas, Table 2c) and epiphytic lichen (however, only almost significantly higher in the 

high RIVO + key area than in the low RIVO + key areas in the Post-Hoc test, Table 2a 

and 2c). None of the areas showed any significant difference regarding the lichen 

height, the amount of pine, stem basal area, or the mean tree height.  

 
Table 2 Differences between mean values, measured with ANOVA and Post-Hoc Tukey HSD. Bold numbers with 

* show significant differences, (*) almost significant differences. a) All p-values from the ANOVA. Species richness 

is done on the vascular plants and bryophytes. b) Significant p-values between areas with different reindeer 

activity. c) Significant p-values in the combined areas.  

a) 
        

Factor 
Core/key areas High/low/no RIVO 

Combined areas 
(hc/nc etc.) 

     Lichen cover (%) 0.0507(*) 0.317 0.0437* 

     Lichen height 
(cm) 

0.938 0.114 0.414 

     Stem basal area 0.276 0.646 0.530 

     Mean tree 
height 

0.202 0.332 0.252 

     Species richness 0.603 0.0450* 0.0889 

     Pine (%) 0.541 0.179 0.454 

     Epiphytic lichens 0.197 0.631 0.0218* 

  
 

  Clear cut (%) 0.0553(*) 0.478 0.343 

     Moose 0.0984 0.0033* <0.0000* 

     

         b) Post-hoc between no, low and high reindeer activity (i.e. RIVO) 
   Factor no/high RIVO no/low RIVO 

      Species richness 0.0589(*) - 

      Moose 0.0795 0.0024* 

      

         c) Post-hoc between combined core or key area and no, low or high reindeer activity (i.e. RIVO) 

Factor 

Key area + 
high 

RIVO/core 
area + 

high RIVO 

Core area 
+ no 

RIVO/key 
area + 

high RIVO 

Key area + 
low 

RIVO/key 
area + 

high RIVO 

Key area + 
no 

RIVO/core 
area + 

high RIVO 

Key area + 
no 

RIVO/key 
area + 

high RIVO 

Key area + 
no 

RIVO/core 
area + no 

RIVO 

Key area + 
no 

RIVO/core 
area + low 

RIVO 

Key area + 
no 

RIVO/key 
area + low 

RIVO 

Lichen cover (%) 0.0346* 0.0761 - - - - - - 

Epiphytic lichens - - 0.0562(*) - - - - - 

Moose - - - 0.0011* <0.0000* <0.0000* <0.0000* <0.0000* 
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3.2 Vegetation surveys 

The plant most commonly found was lingonberry (Vaccinium vitis-idaea), followed by 

bilberry (Vaccinium myrtillus), bryophytes (mainly P. schreberi with elements of glittering 

wood-moss (H. splendens)), common heather (Calluna vulgaris), grass (mainly 

Deschampsia spp.) and crowberry (Empetrum nigrum). Bare soil (also including stone, dead 

woody debris, dead leaves and needles, or other dead vegetation) was the 7th most common 

type of field layer (Table 3). A total of 34 different species were found on the sites; 21 of them 

were only found in ≤ 3 % of all the plots and only included in the species richness estimation.   

The species richness did not differ greatly between the sites with different dominant plants 

(or bare soil), but the lichen cover did. Plots being dominated by either V. vitis-idaea or C. 

vulgaris had the highest amount of ground lichens (Table 3). However, V. myrtillus was the 

most common vegetation in regards of biomass, dominating the ground vegetation in about 

25 % of all the plots, followed by V. vitis-idaea 18 %, P. schreberi with 17 %, C. vulgaris 10 % 

and Deschampsia spp. 8 %. 11 other species were also dominating in 1-3 plots; these were 

bog-bilberry (Vaccinium uliginosum, 3 plots), cloudberry (Rubus chamaemorus), saplings of 

rowan (Sorbus aucuparia), common juniper (Juniperus communis), saplings of willow (Salix 

spp.), Lycophyta spp. (2 plots each), cow-wheat (Melampyrum sylvaticum and M. pretense), 

horsetails (Equisetum spp.), stone bramble (Rubus saxatilis), ferns (Pteridophyta spp.), 

Norwegian spruce (Picea abies), and no field layer of plants (1 plot each). Most of these plots 

had no ground lichens at all, except for V. uliginosum (4 %) and Salix spp. (6 %) plots, and of 

course the plot with no field layer, were the Cladonia spp. cover was 100 %. 

Table 3 All the vegetation that were dominant in > 10 plots (i.e. 2 % of the plots) and what the average species 

richness and lichen cover were when they dominated. The percent of plots in which they are present is also 

included. 

DOMINANT VEGETATION 
PERCENT OF PLOTS 

WHERE PRESENT 

NUMBER OF PLOTS 

WHERE DOMINANT 

MEAN NUMBER OF 

SPECIES  WHEN 

DOMINANT 

MEAN LICHEN (%) 

WHEN DOMINANT 

BILBERRY 58 % 102 3.9 3.5 

LINGONBERRY 68  77 3 23.9 

BRYOPHYTES 56  71 3.4 15.8 

HEATHER 31 47 3.1 28.3 

GRASS 30 35 3.6 1.4 

BARE SOIL 14 24 2.8 17.1 

POLYTRICHUM SPP. 12 16 3.8 2.4 

CROWBERRY 19 14 3.8 8.4 

SPHAGNUM SPP. 7 11 4.6 1.1 
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The PCA Ordination showed that neither the key and core areas, nor the areas preferred by the reindeer to a lesser or greater extent, differed 

from each other regarding the ground vegetation (Fig. 3a and 3b). The combined areas showed no clear pattern either, but the key area + high 

RIVO sites was clearly clumped in the direction of V. vitis-idaea, C. vulgaris and E. nigrum, plants which are commonly found together with 

ground lichens (Cladonia spp.), even if some plots from the other types of sites shared the same sort of plant composition (Fig. 3c).  
 

 

 

 

Fig. 3 PCA-ordination on the most important plants (present in > 5 % of the plots). a) Comparison between core (C) and key areas (K). b) Comparison between high (H), low 

(L) och no reindeer presence (N). c) Comparison between the combined areas.
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4. DISCUSSION 

4.1 Forest structure and its effect on habitat choices of reindeer 

 

During the 20th century, the boreal forests of northern Sweden underwent a rapid change in 

its structure, both concerning the tree species and the stand age. For example, 84 % of the 

forest was estimated to be > 60 years in 1926. At present the amount is 34 %, and the 

formerly mixed boreal forest is now to a great part made up of young, even-aged coniferous 

stands (P. sylvestris and P. abies, Horstkotte et al. 2011). None of the 60 study sites could be 

said to have a rich epiphytic growth, probably connected with all of them having relatively 

young forest stands, and epiphytic lichens needing 20-50 years to establish in a new forest, 

and about 150 years to become abundant (Larsson 2014). The presence of both ground 

lichens and epiphytic lichens in an area could make the difference whether supplemental feed 

is required or not. Therefore it would be valuable for the sustainability of the reindeer 

husbandry if decisions regarding forest management always would consider the whole 

landscape and not just single forest stands, consider partial-cuts instead of clear-cut and plan 

ahead for the future decades, or even century (Horstkotte et al. 2011). In British Columbia, 

mountain caribou are dependent on epiphytic lichens (Bryoria spp. and Alectoria 

sarmentosa) during winter, a season which they spend wholly at high altitudes with little else 

to feed on (Stevenson and Coxson 2006). Since clear-cutting has become more common, the 

species are facing local extinction in some areas. With the hope to change this trend, 

experiments substituting clear-cut with partial-cutting have been done. The results showed 

that Bryoria spp. (which is more important as a food resource) increased their growth due to 

the exposure of sun and wind on trees they already where established on. However, on the 

regenerating trees, the establishment was still slow, despite having no dispersal obstacles, 

indicating that there is also something amiss in the structure of the young trees when it 

comes to epiphytic lichen establishment, and that leaving groups of old trees were a better 

option than making the whole stand more open (Stevenson and Coxson 2006).  

 

In a study by Olofsson et al. (2010), the cover and height of ground lichens was compared in 

different age stands in Swedish boreal forests. Stands which recently had been clear-cut had 

the least lichen cover, while forest stands aged 40-60 years had the most, even if forests > 80 

years old had the highest lichen height, probably due to grazing in the younger stands. A 

study on wild caribou showed a different result; caribou chose winter grazing grounds where 

the lichen cover exceeded 20 %, and abandoned winter ground when the lichen cover 

declined to a level characteristic of stands < 60 years old (Collins et al. 2011). The 

Fennoscandian reindeer may not have the same selective opportunity; boreal forest stands 

classified as having abundant ground lichen cover have decreased with approximately 50 % 

during the last 50 years in Sweden (Sandström et al. 2006). Only the average for the key area 

+ high RIVO sites had a lichen cover >20 % (Table 1), probably due to the fact that 

Vilhelmina Norra’s grazing grounds as a whole is exposed to extensive cutting, which also 

increases the risk of supplemental feed being a necessity during the winters, something which 

is both costly and needs planning ahead (Löf et al. 2012). Furthermore, overgrazing is always 

a problem when the same area is utilized repeatedly; which should be taken into 

consideration, since it takes approximately 20 years for an overgrazed area to recover 

(Čabrajić, 2009). This is therefore a potential problem in the grazing grounds with their fixed 

limits (Collins et al. 2011), especially since the extensive forestry already has made the boreal 

forest depleted of much of its original ground and epiphytic lichen abundance.  
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Overall, the key areas in the study have a higher lichen cover and have been exposed to less 

clear-cutting than the core areas, and almost significantly so (Table 2a), which is not 

surprising due to their higher ranked value within the herding district; but only the key areas 

with high RIVO was completely void of clear-cuts (Table 1). According to the Forestry Act § 

31, the size and shape of a clear-cut should be adapted if it is obviously needed in regards of 

the reindeer husbandry, but what this means in the reality is open for discussion (Larsson 

2014). It is not only the cutting itself that causes troubles for the reindeer husbandry. The soil 

scarification made afterwards is often considered an even bigger problem, since this 

completely disrupts the ground lichen cover and the possibility to recover. Depending on the 

method and the site, it can take between 10-50 years before the ground lichens are able to 

reestablish. Many herding districts agree that if the procedure concerning soil scarification 

would change, the conflicts between them and the forest industry would decline, since not 

only does it deplete the site of its ground lichens, it also make the area harder to move in 

(Larsson 2014). However, the reindeer did not seem to completely avoid clear-cuts during the 

winter (Table 1). This is probably because they are easier to move in when there is a hard 

snow cover and can be used as a resting place, with its good view of the surroundings.  

4.2 Ground vegetation and other environmental factors  

Ground vegetation types where Cladonia spp. are usually found, e.g. V. vitis-idaea and C. 

vulgaris, did also have the highest mean cover of these lichens (Table 3). However, the PCA 

ordination showed no clear distinction between high RIVO and no reindeer presence (Fig. 3). 

Since documenting all of the ground vegetation resulted in little differences between the 

different types of sites, a quick estimation of the dominating vegetation together with the 

forest structure would probably be a better method. For example, knowing that a forest stand 

is dominated by P. sylvestris, and with V. vitis-idaea as ground vegetation, indicates that the 

microclimate is dry, has a good access of light and thus should be suitable for Cladonia spp., 

without the competition of bryophytes, which tend to take over in moister and darker areas 

(e.g. Sedia and Ehrenfeld 2003). 

 Boreal forests are rather species poor in general, and the studied sites were no exception. 

The highest number of species found in any plot were 8, but the average was around 3.9 

(Table 1). If the bryophytes had not been aggregated, due to the overwhelming dominance of 

P. schreberi, this number would probably be higher for some of the areas. P. schreberi and E. 

nigrum have a tendency to take over if the conditions are right for them, since they can 

produce poisonous substances, making them inedible for reindeer and other ungulates and 

prevent other plants from establishing (Tybrik et al. 2000, Lundell 2013). However, plots 

which they dominated had not the lowest species richness, nor the lowest Cladonia spp. 

cover (Table 3). Collins et al. (2011) also found that competitions from vascular plants did not 

significantly affect the lichens in a negative way, at least not in young to mature forest stands, 

which is the age class the forest stands in this study also belongs to.  

 

Rettie and Messier (2000) showed that caribou tended to avoid areas with high moose 

abundance, probably connected with a wish to avoid wolf (Canis lupus), since a higher prey 

density attracts predators. There are indications of this avoidance also in this study; the sites 

with the most traces of moose had no signs of reindeer at all, and vice versa (Table 1 and 

Table 2b and 2c). Noteworthy is that the core areas + high RIVO showed less traces of 
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reindeer but more traces of moose than inrwe the low RIVO areas. This may indicate that the 

studied sites within this category did not quite represent this area in general, especially since 

the low lichen cover was not due to grazing, as shown by the low amount of signs of reindeer 

(Table 1) and the sites differed significantly from the key areas in the same RIVO category 

(Table 2c). Furthermore, moose density is at its highest in young forests and recent clear-

cuts, where tree saplings are plentiful but lichens are few, and thus being poor grazing 

ground for reindeer (Heikkilä and Härkönen 1996).  

 

There was not really a clear pattern regarding the forest structure and the vegetation cover 

which could explain the habitat choices of the reindeer (Table 1, Table 2 and Fig. 2). 

However, earlier studies have shown that even if there is a clear agreement between the core 

and key areas chosen by the herding district and the habitat choices of the reindeer (i.e. 

RIVO), there is also a divergence between different years. This is mainly thought to be 

strongly connected with the weather conditions, since both a normal “good” year and “bad” 

year show certain distinctive patterns regarding the habitat choices (Appendix 2, Löf et al. 

2012). The precipitation and temperature during the early winter is crucial for how the winter 

grazing will turn out, since these factors decide the snow conditions throughout the winter. 

Both the forest structure and the ground vegetation together with the altitude have an impact 

on the local snow cover. For example, elevated areas may have both less available grazing and 

a thicker snow layer, but the snow may still be soft when the snow in the more accessible 

valleys has turn into ice after a period of thaw and large differences can also be seen between 

a young and a mature stand. It is therefore important for the reindeer to be able to move 

around in a heterogeneous forest landscape, including areas which would not qualify as core 

or key areas, so that they may adapt to all types of weather conditions (Roturier and Roué 

2009, Löf et al. 2012).  

4.3 Limitations of the study 

Since the information on the reindeer movement was based only on the winter of 2011/2012, 

while the field study was done in the summer of 2013, there is a risk that some factors may 

have changed during the time gap, for example the lichen height, which is affected by grazing. 

Also, the reindeer management plan (RBP), which defined the borders of the core and key 

areas, are based on a “normal” year, i.e. when a period of cold is followed by snow fall and few 

occurrences of mid-winter thaw. However, this norm has become less common, replaced by 

warmer winters with large fluctuations between frost and thaw. Comparisons of RIVOs 

between what can be considered as a “bad” and a “good” year have shown that the habitat 

choices of the reindeer are completely different these years; a larger study covering several 

years may have better explained these differences, e.g. if higher altitude forest stands with 

poorer grazing, but where the snow conditions may be better, should be considered as 

important refuges for bad winters and thus included in the reindeer management plans (Löf 

et al. 2012).  

 

Confounding factors are always a risk, and within the limits of this study it was not possible 

to e.g. account for the effects of predators. When asked, Vilhelmina Norra reindeer herding 

district listed predator pressure as the biggest obstacle for reindeer husbandry, even above 

forestry and other competing interests (Löf et al. 2o12). In the vicinity of the winter grounds 

of Vilhelmina Norra there are reported rejuvenations of lynx (Lynx lynx), bear (Ursus arctos) 

and golden eagle (Aquila chrysaetos, Löf et al. 2012). 
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Appendix i.  

A section of the RIVO map from 2012, used in this study. 

Map showing how the no, low and high RIVO was visualized and separated. The white areas had no reindeer 
presence, while each of the thinnest layer of red represents one reindeer etcetera; created with the help of 
Brownian bridges (Per Sandström pers. Comm.). Map provided by the Vilhelmina Norra reindeer herding district. 
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Appendix ii.  

Comparison of RIVO between different years, taken from Löf et al. 2012. 

Comparison on precipitation (nederbörd), snow depth (snödjup) and the highest temperature (maxtemperatur) 

between 2007 (seen as a “bad” year) and 2009 (seen as a “good” year), in the same weather station in the winter 

grazing grounds ofVilhelmina Norra. Taken from Löf et al. 2012. 

 

 

Summary of RIVO between 2007 (data from 11 reindeer, in red) and 2009 (17 reindeer, in blue). The grazing 

grounds belong to Marsfjäll winter group in Vilhelmina Norra reindeer herding district. Taken from Löf et al. 

2012.
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