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1 Introduction 
 
The objective of this literature synthesis is to summarize existing evidence on how reindeer 
(Rangifer tarandus) shape vegetation, soil carbon and nutrient cycles in the boreal and 
subarctic ecosystems. We use an approach where we link the role of the reindeer in 
ecosystems with the historical developments of reindeer herding practices. Despite often 
regarded as natural rather than cultural landscapes, the structure of Arctic ecosystems is 
closely connected with cultural activities that have shaped the intensity and the spatial 
distribution of herbivores. In particular, those relating to semi-domestic reindeer herding 
involve a vast region in the Eurasian Arctic. Grazing intensity and the spatial distribution 
of semi-domestic reindeer at different time-scales derive from particular historical events, 
such as land-border agreements, and other socio-political processes that modify the 
patterns of resource use. Land-use patterns deriving from complex socio-environmental 
circumstances, built infrastructures (e.g., roads, powerlines), predator abundances and 
social settings have an important role. General knowledge among stakeholders, scientists 
and general public on how the ecological effect of the reindeer relates with these historical 
and socio-political processes is currently not very strong. We present an analysis on how 
reindeer affect vegetation at different habitats, and how these impacts in turn govern the 
soil carbon and nutrient cycles, eventually soil carbon storage, and quality of the reindeer 
ranges for the livelihood. By doing this, we provide tools for predicting what types of 
ecosystems we may expect to see in the future, and how any potential changes in reindeer 
herding practices and numbers could alter the ecosystem trajectories.  
 
Reindeer (Rangifer tarandus L.) are resident in northern Europe, Asia and North America 
across boreal, sub-Arctic and Arctic vegetation zones (Uboni et al. 2016). In vast areas of 
northern Eurasia, the semi-domesticated nature of this ungulate makes it a distinct case 
among the world’s herbivores. Reindeer husbandry relies on freely ranging semi-
domesticated reindeer on natural pastures, to which they have access to irrespective of land 
ownership. The natural behavior and forage selection of reindeer during the different 
seasons drive spatial and temporal grazing patterns across the landscapes, thus resembling 
their wild ancestors (Vorren 1980). Another feature that resembles wild rather than 
domesticated grazers is that the reindeer are exposed to predation, mainly by lynx (Lynx 
lynx), wolverines (Gulo gulo), bears (Ursus arctos), golden eagle (Aquila chrysaetos) and 
wolves (Canis lupus) (Rasmus et al. 2020). Yet, to a very large extent, the influence of 
reindeer on vegetation and soils depends on not only the ecological interactions between 
the reindeer and its natural surroundings, but on human management that was shaped by 
the socio-political history and essentially determines today’s reindeer movements in space 
and time (e.g. Lundmark 2006). Reindeer numbers are jointly driven by human and state 
control (Uboni et al. 2016), abiotic environmental factors (e.g. extreme winter weather 
events; Helle and Kojola 2006, Uboni et al. 2016), and biotic interactions (e.g. interactions 
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of reindeer herds with pasture quality, diseases and predation; Åhman et al. 2014, Rasmus 
et al. 2020, Riseth et al. 2020).  
 
A substantial pool of scientific evidence of the role of reindeer in shaping ecosystem 
structure and function has accumulated regarding northern Fennoscandia (see Suominen 
and Olofsson 2000, Bernes et al. 2015 for earlier reviews). However, literature on other 
parts of the Arctic is very scarce. Few studies have been conducted where the effects of 
herbivores would have been experimentally studied. For this particular reason, one 
important target of CHARTER was to identify and fill in geographical gaps on data 
regarding herbivore effects by analyzing vegetation in some recently established reindeer 
exclosures and building up new experimental setups in the Russian Arctic. In this literature 
review, we decide to focus on northernmost Fennoscandia, because it presents the only 
area where the effects of reindeer have been experimentally studied over a wide range of 
habitats and reindeer herding management systems. Through revealing the complex 
interactions between the reindeer and the ecosystem functioning under currently ongoing 
global warming, the case study of northernmost Fennoscandia helps understanding the 
variability of reindeer impacts over different habitats and management regimes – a 
framework applicable also for other areas.  
 
Within the discipline of ecology, reindeer grazing in northernmost Fennoscandia has been 
discussed in the context of ecological theories, such as whether habitat fertility dictates the 
direction of the effect of herbivory on soil nutrient cycling (e.g. Stark et al. 2002, 2015a, 
Sitters et al. 2017) and the concept of alternative ecosystem states (van der Wal 2006, 
Egelkraut et al. 2018, Stark et al. 2019). As forage availability for reindeer is important for 
body condition, reproduction rate and mortality, ecological evidence also informs pasture 
management and the sustainable use of natural resources (e.g., Riseth et al. 2002). Winter 
forage availability is especially used for defining the upper limits of reindeer numbers 
(Kumpula et al. 2014, Marin and Björklund 2015, Marin et al. 2020). Yet, for ecological 
and reindeer management contexts, a central point is how the historical development of 
reindeer herding regimes have modified their role in ecosystems. A very important part of 
our literature review is therefore that we bridge the ecosystem effects of reindeer, with the 
historical contexts that have shaped them. By this way, we provide a deeper understanding 
of the fundamental role of herbivory in ecosystems as well as on predictions regarding 
ecosystem trajectories under a warming climate. 
 
2 Vegetation and history in the Fennoscandian reindeer herding area 
 
2.1 Vegetation and habitat use of the reindeer during different seasons 
 
The distribution of reindeer extends across several vegetation zones in all Fennoscandian 
countries (Fig. 1). Boreal forests are dominated by Scots pine (Pinus sylvestris) and 
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Norway spruce (Picea abies) intermixed with deciduous trees such as birch (Betula sp.), 
and are bordered by a vegetation zone composed primarily of multi-stemmed mountain 
birch (Betula pubescens ssp. czerepanovii) (Fig. 2). Dwarf shrubs such as Vaccinium sp., 
Betula nana and Empetrun nigrum ssp. hermaphroditum together with mosses, ground 
lichens, forbs and graminoids form the dominant ground vegetation with dwarf shrubs 
species such as Loiseleuria procumbens and Phyllodoce caerulea appearing further north. 
Arctic-alpine tundra heaths dominate the landscapes above the mountain birch tree line, 
and the location of the tundra-forest ecotone depends on both climatic and edaphic 
conditions, and land-use history (Oksanen and Virtanen 1995, Östlund et al. 2015, 
Kuuluvainen et al. 2017).  
 

 
 
Figure 1a. Climatic vegetation zones and reindeer management regimes in northern Fennoscandia.  
Due to the combined effects of climatic and environmental conditions and historical developments, 
reindeer management regimes differ between countries. Seasonal range rotations are within shorter 
distances in Finland compared to many districts in Norway and Sweden. Figure 1b. Examples of 
seasonal range rotations in some Finnish and Norwegian herding districts. The illustrated winter 
grazing area in Norway is shared by several districts based on customary rules. In Finland, seasonal 
areas overlap in Näkkälä, while they are separated by a pasture rotation fence in Sallivaara. Figure 
1c. An example of seasonal range rotation in a Swedish district. In all districts, the use of each area 
can vary substantially between years depending on environmental factors. 
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Seasonal movements between different habitats and landscapes is a key behavioral feature 
of reindeer across all climatic vegetation zones (Fig. 2). Reindeer consume over 200 
different plant species, but the most common forage plants vary by season (Warenberg et 
al. 1997). Reindeer have a special ability to digest lichens, a symbiosis between algal and 
fungal partners, which form an important part of the winter diet. Ground lichens are by no  
 
 

 
 
 
Figure 2. Dry, semidry and mesic sites in boreal forests, mountain birch forests, treeless 
arctic-alpine tundra heaths. While vegetation in dry habitats is dominated by lichens, more 
mesic habitats become increasingly dominated by dwarf and tall shrubs, herbs and 
graminoids across all vegetation zones. Reindeer change habitat types in different seasons 
due to different nutritional needs and the associated changes on the availability of different 
food plants in different seasons. Insect avoidance also contributes to habitat selection. 
Authors of the photographs: AN = Aarno Niva, KK = Kajar Köster, MM = Minna 
Männistö, MK = Minna-Maarit Kytöviita, HT = Hans Tømmervik, SS = Sari Stark. 
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means the only food resource for the reindeer even during the winter, as also evergreen 
dwarf shrubs, grasses, and epiphytic lichens are important components of reindeer diet 
(Storeheier et al. 2002, 2003, Kojola et al. 1995, Jaakkola et al. 2006). During the snow-
free period, reindeer rely on grasses, herbs, leaves and mushrooms to build up body 
reserves for the winter. In mountain birch forests, birch foliage and tree seedlings are also 
a favored food resource (Kumpula et al. 2011). Mires are an important habitat during 
summer, in particular where reindeer do not move above the treeline during summer. 
Seasonal movements between different habitats and landscapes depending on the 
availability of forage plants is thus a key behavioral feature of the reindeer.  
 
 
2.2 The history of reindeer herding 
 
Reindeer management regimes – and consequently, seasonal migrations and habitat use - 
differ substantially across Fennoscandia due to a combination of environmental conditions 
and historical developments (Fig. 1a-c). An awareness and understanding of these 
differences is central to understanding the ecosystem effects of reindeer in Fennoscandia, 
because the differences in socio-political history over time shaped when and where 
reindeer graze and move in particular locations and seasons.  
 
Until the early medieval period, the livelihoods of the indigenous Sámi were primarily 
based on a mixed subsistence strategy including hunting, fishing and gathering. Some 
domesticated reindeer were used as draft and pack animals or decoys for hunting, for 
providing meat and milk for the households, and for transport (Itkonen 1948, Kortesalmi 
2008, Björklund 2013, Salmi et al. 2021). Reindeer domestication took place gradually and 
in a non-synchronous manner in the different regions of northern Fennoscandia, when at 
the same time, wild reindeer hunting still continued (Lundmark 2006, Pelletier et al. 2021). 
The gradual transition towards reindeer husbandry was driven by a combination of 
economic, social, and ecosystem processes (Bergman et al. 2013). After Northern 
Fennoscandia was claimed by competing nation states (Norway-Denmark, Sweden-
Finland and Novgorod/Russia) during mid-1600’s, indigenous Sámi paid taxes for their 
lands and waters sometimes to several kingdoms at the same time, which over time were 
increasingly paid by the meat and hides of domesticated reindeer (Bergman et al. 2013).  
Increasingly these taxes were paid in meat and hides of domesticated reindeer. 
Domesticated herds increased and led to adoption of long seasonal migrations between 
summer ranges at the Norwegian coastal areas and forested areas in Sweden-Finland during 
winter (Vorren 1980).  
 
In the boreal forest regions of today’s Sweden and Finland, seasonal migrations were 
shorter and Sámi reindeer herders have led a more sedentary way of living. Starting from 
the 1600’s, Finnish settlers started migrating to the area and adopted reindeer herding 
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practices to supplement their mixed subsistence livelihoods which included farming, 
fishing, and hunting. Meanwhile, local forest Sámi adopted farming practices (Heikkinen 
2006, Lähteenmäki 2006). Migratory reindeer husbandry with larger herd sizes spread into 
northern Finland from the western parts of Fennoscandia during the 1600’s. However, 
stationary communities with gradually mixed Sámi and Finnish populations still relied on 
nature-based livelihoods and small-scale farming. This reindeer herding system then 
formed the ground for present-day herding districts in Finland, especially in the middle and 
southern parts of the present reindeer herding area. For these historical reasons, in Finland 
both Sámi and Finns are engaged in reindeer husbandry, whereas in Sweden and Norway, 
the livelihood is almost exclusively practiced by Sámi. 
 
When national borders in northernmost Fennoscandia between the kingdoms Norway-
Denmark and Sweden-Finland were settled, the Lapp Codicil (1751) granted Sámi reindeer 
herders the free crossing of these borders due to the need to access the different seasonal 
grazing grounds, now situated in two different kingdoms. Border establishment also 
coincided with the increased economic importance of reindeer husbandry for the household 
and increased herd sizes. This led to extended migration patterns across the newly drawn 
borders and longer grazing periods on winter areas in Sweden-Finland compared to earlier 
seasonal migrations (Aarseth 1989). This was because the oceanic Atlantic coast is rich in 
graminoids, forbs and mountain birch foliage and thus provided good summer nutrition, 
whereas the lichen-rich continental interior provided good winter grazing grounds 
(Oksanen and Virtanen 1995).   
 
In the late 19th century, country border agreements formed barriers to earlier seasonal 
migration routes.  Finland was annexed by Russia from Sweden in 1809, and Russia closed 
the border to Norway in 1852. The reason was to protect the stationary and small-scale 
reindeer husbandry practices in Finland from the large migratory herds that entered from 
Northern Norway and spent the winter in Finland and caused damage to local farms, 
reduced grazing resources and swallowed the local herds (Cramér and Ryd 2012). For 
migratory reindeer herders, the border closure entailed a loss either of summer grazing 
areas at the Norwegian coast or of winter grazing areas in Finland and thus strongly reduced 
the length of seasonal migrations. Migration between Norway and Finland via northern 
Sweden was still possible until a second border closure between Russia-Finland and 
Sweden in 1889.  
 
Border closures between the countries induced new practices of how the seasonal ranges 
of the reindeer were arranged and utilized (Fig. 1b, 1c). Norway had issued regulations 
already in 1853 to prevent summer grazing in Inner Finnmark to protect winter grazing 
resources, and to assign particular summer grazing areas to the different herding groups in 
1888 (Aarseth 1989). The high concentration of reindeer herds at the border areas between 
northern Norway and northern Sweden, caused by the border closures, lead to a severe 
shortage of grazing resources (Riseth et al. 2016). These events led to relocations of 
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reindeer herding families from the north to the southern parts of Fennoscandian mountains, 
further east into Finland or as far as the Kola peninsula (Aarseth 1989). 
 
In 1898, the Finnish Senate ordered reindeer owners to establish geographically defined 
herding districts, based on the sedentary herding practices in order to arrange and organize 
the reindeer herding system as c co-operative based organization. As a result, there are no 
long-ranging seasonal migrations in Finland as in Sweden and Norway (Fig. 1a & b).  
However, some herding districts in Finland have established seasonal range rotation 
through fences during the late 1980’s (Fig. 1b,c). In Sweden, the Reindeer Husbandry Act 
of 1886 established herding districts (lappby, today sameby), that partly corresponded to 
the previous areas used by different herding groups (siida). Migration by reindeer herders 
from Sweden to their customary summer grazing areas at the Norwegian coast increasingly 
became restricted in the Reindeer Grazing Conventions (1883, 1919, 1972) between the 
two nations, both in the time and number of herders from Sweden who were allowed to 
spend the summer in Norway (Lantto and Mörkenstam 2008). In 1957, a border fence 
between Norway and Finland was erected, preventing any cross-border activities. The 
building of the borders fence was not pushed only by the states, but also reindeer herders 
themselves saw border fences between the states as necessary for supporting, protecting 
and helping reindeer herders in each country (Lähteenmäki 2006).  
 
Historical events have thus shaped the current grazing regimes, which define when and 
where the reindeer reside in each particular location and which kinds of seasonal rotation 
systems of pastures exist at present. The seasonal timing and the intensity of grazing varies 
within and between countries depending on landscape types, vegetation, history and the 
different institutions that regulate access to grazing areas. Within these boundaries, the 
semi-domesticated reindeer can freely graze across the landscape. The present-day 
ecosystem structure and functioning must therefore be looked at in the light of these 
historical events and drivers of reindeer herding and grazing systems. The total reindeer 
numbers fluctuated substantially during the last century throughout the whole region. In 
Finland, the total reindeer number reached a historical maximum in the early 1990’s, 
whereas the southern reindeer herding districts in Sweden and Norway have retained stable 
overall trend over the last 50 years. Today, the number of semi-domesticated reindeer after 
the customary autumn slaughter is approximately 250,000 in Norway and Sweden, and 
200,000 in Finland (Holand et al. 2022). 
 
3 Effects of grazing, and grazing exclusion: methods for 
unraveling how reindeer shape ecosystems 
 
A common way of analyzing the role of herbivores across ecosystems is to exclude them 
from the system, after which various parameters on ecosystem structure and function are 
analyzed with and without herbivory (see e.g. Andriuzzi and Hall 2017). In studies on the 
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effects of reindeer on vegetation, this has become a core experimental method. Areas that 
have excluded reindeer have not always been built for scientific purposes. For instance, 
many studies have used sites located on the Finnish-Russian border zone where access by 
reindeer has been prevented for over a century (e.g. Stark et al. 2003, Susiluoto et al. 2008, 
Akujärvi et al. 2014, Köster et al. 2015). Fences that separate seasonal pastures both in 
Norway and in Finland have formed another method of analyzing reindeer effects on 
vegetation and ecosystem functions (e.g. Oksanen 1979, Olofsson et al. 2001, 2004, Stark 
et al. 2007, 2008, 2021; Kumpula et al. 2011). Because of differing national management 
regimes, many have also compared the opposing sides of the Finnish-Norwegian border 
(e.g., Biuw et al. 2014, Ylänne et al. 2021, Meyer et al. 2022, see Fig. 1). The season during 
which reindeer forage in an area is a major determinant of reindeer impacts on vegetation, 
because it determines which plant species are consumed, and how important trampling is 
as a mechanism by which reindeer impact vegetation (Oksanen 1978, Kumpula et al. 2011). 
During summer, trampling is a key factor that affects lichens in particular (Heggenes et al. 
2017), whereas during winter, a thick snowpack buffers the ground vegetation from 
trampling.  
 
While early studies compared plant communities under differing grazing intensities (e.g., 
Pegau 1970, Oksanen 1979, Helle and Aspi 1983) and in reindeer exclosures (e.g., Väre et 
al. 1995, 1996), more recent studies have often combined this with other approaches, such 
as re-analyzing exclosures (Tømmervik et al. 2012, Vowles et al. 2017, Sundqvist et al. 
2019) or pasture rotation fences (Ylänne et al. 2018, Stark et al. 2021) after one or more 
decades, which has revealed how current vegetation trends vary under differing grazing 
regimes. Pasture rotation fences have been used for analyzing the roles of long-term 
grazing history vs. short-term grazer exclusions (Olofsson 2006, Väisänen et al. 2014, 
Ylänne et al. 2020), plant nutrient uptake strategies (Barthelemy et al. 2016, 2017), or the 
temperature acclimation of soil microbial functions (Stark et al. 2015b).  
 
When translating experimental evidence from exclosures into ecological and 
environmental contexts, it is critical to remember that exclosures represent an artificially 
created state where all activities and processes related to large grazers have been 
eliminated. However, large herbivores have been grazing northern ecosystems throughout 
their evolutionary history, and exclosures therefore do not represent a “natural” ecosystem 
state. Wild grazers such as caribou (Manseau et al. 1996, Gough et al. 2007, Zamin and 
Grogan 2013), moose (Pastor and Naiman 1992), and wild reindeer herds in southern 
Norway (Skogland 1984, Vistnes and Nellemann 2008) have a strong influence on 
vegetation. Furthermore, within areas of reindeer herding, microtine rodents exert an effect 
on vegetation in arctic-alpine or arctic tundra heaths comparable to, or even exceeding that 
of reindeer (Virtanen et al. 1997, Grellmann 2002, Olofsson et al. 2014, Tuomi et al. 2019). 
As reindeer have been present in Fennoscandia since the end of the last Ice Age, plant 
communities are composed of grazing-tolerant species, i.e., plants that withstand grazing 
(Olofsson and Post 2018). By creating conditions entirely without grazing, exclosures will 
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trigger a slow succession towards more grazing-sensitive plant species that are competitive 
in undisturbed conditions. It has been observed that a short-term grazer exclusion does not 
predict vegetation responses in the long run, as very different plant species become 
dominant inside exclosures in the long-term compared to what could be predicted based on 
the virshort-term responses (Olofsson 2006, Saccone et al. 2014, 2015). The difference in 
vegetation and ecosystem processes between the grazed area and the exclosure is one 
‘snapshot’ of a continuous transition where the grazed vegetation changes in response to 
the variations in grazing pressure, whereas the vegetation inside the exclosure changes 
along a succession that started when the area was fenced. 
 
For a correct interpretation of evidence from exclosures, it is necessary to know what has 
happened in the area at the larger geographical and temporal scale. Past land-uses exert 
important legacies on northern ecosystem structure and function, involving vegetation and 
soil nutrient cycling alike (Josefsson et al. 2009, 2010, Egelkraut et al. 2018). In an 
experiment that combined long-term difference in grazing intensity with short-term 
exclosures demonstrated that a sudden cessation of grazing in a previously heavily grazed 
site did not return the system to a previous state of light or no grazing, but rather, amplified 
the changes caused by the decadal difference in grazing intensity (Ylänne et al. 2020). It is 
possible that instead of bringing the system back to a state prior to grazing, grazer exclusion 
induces a further directional shift of an ecosystem, a phenomenon found in other alpine 
ecosystems (Haynes et al. 2014). Another important consideration are current land-use 
pressures that greatly affect directly vegetation but also modify and strengthen reindeer 
grazing pressure (Kumpula et al. 2014). It creates a fundamental difference if the forest 
where the exclosure is built, is surrounded by a nature conservation area, or by commercial 
forest subjected to multiple land-uses. Reindeer exclosures thus do not measure the effect 
of grazing per se, but the responses of ecosystem structure and function to a sudden 
cessation of grazing – and all other disturbances that end with fencing - in a situation, where 
the previously existing ecosystem was jointly shaped by long-term land-uses and abiotic 
conditions (Olofsson and Post 2018, Ylänne et al. 2020). A documented difference between 
the ungrazed and the grazed area always represents a transitional phase where the grazed 
vegetation changes along with grazing intensity and patterns, and the ungrazed vegetation 
along a vegetation succession that started when the area was fenced.  
 

4 Effects of grazing on ground vegetation and tree species composition 
in boreal forests 

The high importance of reindeer grazing for the ground vegetation in dry boreal forests is 
well-documented, because these ecosystems constitute important winter ranges for the 
reindeer. As a summary, these studies have shown that reindeer change the lichen 
vegetation towards two alternative directions: a shift from reindeer lichens (Cladonia 
stellaris, C. rangiferina and C. mitis) towards cup and tin lichens (e.g. Cladonia uncialis 
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and Stereocaulon sp.), or an increase in mosses at the expense of lichens (Helle and Aspi 
1983, Väre et al. 1995, 1996, Kumpula et al. 2000, Stark et al. 2000, den Herder et al. 2003, 
Olofsson et al. 2011, Köster et al. 2013, 2015, Akujärvi et al. 2014, Väisänen et al., 2021). 
Grazing in semi-dry forests may also decrease the moss layer thickness (Väisänen et al. 
2021). Interestingly, the effect of reindeer grazing on lichens resembles a characteristic 
vegetation succession after forest fires, where early stages are composed of cup lichens, 
the middle stages of C. rangiferina and C. mitis sp., and – in undisturbed conditions - late 
stages of C. stellaris (Ahti 1977, Kumpula et al. 2000). However, in very old-growth 
forests, lichen layer becomes increasingly mixed with evergreen dwarf shrubs (Haapasaari 
1988, Miina et al. 2020) or mosses (Coxson and Marsh 2001). Historically, in northern 
Sweden, herders may even have used fire to promote the proportion of lichen heaths in the 
landscape (Hörnberg et al. 1999). In contrast with lichens, the effects of reindeer grazing 
on dwarf shrubs seem to be rather weak (Stark et al. 2000, Väisänen et al. 2021), but they 
may sometimes be affected (Kumpula 2001). 
 
When exclosure experiments in boreal forests demonstrate an increase in lichens with 
decreasing grazing intensity, the observed difference between grazed areas and exclosures 
does not mean that lichen abundances could be explained solely by the number of reindeer. 
Exclosures do not provide information on ongoing processes affecting vegetation and 
reindeer behaviour at a larger spatial scale. Forestry activities cause fragmentation and 
reduction in lichen-rich old-growth forests, changing the use of different habitats by 
reindeer and increasing grazing pressures on the remaining pastures even if reindeer 
numbers remain unchanged (Kumpula et al. 2014, Sandström et al. 2016). Decadal trends 
in lichen biomass in a nature conservation area vs. commercial forests in Finland (Jaakkola 
et al. 2013); and south and within the reindeer herding area in Sweden (Sandström et al. 
2016) reveal a strong interactive effect of forestry activities and reindeer husbandry. In 
Sweden, historically formed seasonal migration routes also appear to be important, as the 
cover and biomass of lichens is lower in areas where reindeer stay in the forests year-round 
compared to those areas where reindeer are able to migrate to the mountains during the 
summer months (Horstkotte and Moen 2019, Uboni et al. 2019). However, the size of these 
forest districts and their spatial flexibility between seasonal areas is still larger compared 
to many districts in the reindeer herding area in Finland. Pasture rotation to protect lichens 
during the snow-free period is therefore less a topic of debate in Sweden compared to 
Finland. 
 
Relatively few publications exist on the effects of reindeer on mesic forests. Old-growth 
mesic forests are not preferred grazing grounds for reindeer, as they prefer lichen-rich 
forests during winter, and wetlands during summer (Kitti et al. 2009). However, they have 
importance if their preferred habitats are not available. Mesic old-growth forests also 
contain epiphytic lichens which are important winter forage for reindeer (Jaakkola et al. 
2006). A recent study in mesic, herb-rich forests in Finland, however, showed that higher 
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reindeer densities were associated with increased species diversity, because they regulated 
the abundance of tall forbs (Happonen et al. 2021).  
 
The question how reindeer husbandry might influence boreal forest growth and 
regeneration has attracted public interest even as early as the late 1800’s (Turunen et al. 
2020). Nonetheless, few international publications exist on the topic. Some studies reported 
a 20% faster growth of Scots pine in grazed over ungrazed areas in Finland (Helle and 
Moilanen 1993, Macias Fauria et al. 2008). Evidence regarding forest regeneration is 
mixed: reindeer can cause indirect frost damage to seedlings or increase the likelihood of 
fungal infections when digging for lichens through the snow (Helle and Moilanen 1993, 
Roturier and Bergsten 2006, Akujärvi et al. 2014), but by opening gaps in the lichen layer, 
grazing may also promote tree seedling establishment (Macias Fauria et al. 2008). In young 
forests, reindeer browsing may decrease deciduous seedlings, such as birch (Betula 
pubescens) and – similar to what has been found for moose browsing (Pastor and Naiman 
1992, Pastor et al. 1993) – could promote conifers over deciduous trees, but this requires 
experimental verification.  
 
5 Effects on vegetation and mountain birches in subarctic ecosystems 

The effects of reindeer on vegetation in arctic-alpine tundra heaths show high spatial 
variability among regions and habitat types (e.g. den Herder et al. 2003, Lempa et al. 2005, 
Eskelinen and Oksanen 2006, Kumpula et al. 2011, Eskelinen et al. 2012, Francini et al. 
2014, Kaarlejärvi et al. 2018, Stark et al. 2021 for Finland, e.g. Olofsson et al. 2001, 2004, 
Grellmann 2002, Bråthen et al. 2007, 2017, Odland et al. 2018, Ylänne et al. 2018 for 
Norway, e.g. Vowles et al. 2017, for Sweden; Bernes et al. 2015, Sundqvist et al. 2019 for 
all countries). Considering variation along climatic gradients, landscape heterogeneity, and 
reindeer grazing histories (Fig. 1), this is not surprising. A decrease in lichen biomass and 
coverage with increasing grazing intensity seems to be the only consistent trend (Bernes et 
al. 2015), which agrees with the evidence from boreal forests. 
 
To detect general patterns at a larger landscape-level, Sundqvist et al. (2019) analysed most 
existing reindeer exclosures across the Fennoscandian subarctic and concluded that 
reindeer generally maintain vegetation in a low-biomass state with decreased lichen and 
deciduous tall shrub abundances. Yet, the direction and amplitude of the responses of other 
plant groups depended on habitat. For example, in mountain birch forests, reindeer 
increased deciduous dwarf shrubs in semi-dry habitats but decreased them in mesic 
habitats. Evergreen dwarf shrub abundances decreased in response to grazing in mountain 
birch forests, whereas there was no effect in tundra heaths. Changes in the vegetation may 
yield higher or lower plant diversity depending on the habitat (Sundqvist et al. 2019). In 
fertile tundra heaths, moderate grazing increases species diversity by promoting graminoid 
and forb seed germination and seedling emergence (Eskelinen and Virtanen 2005, 
Eskelinen and Oksanen 2006) and by favoring small and light-demanding species over tall 
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ones (Eskelinen et al. 2016a, Kaarlejärvi et al. 2017). In dry habitats the effect may 
however be the opposite (Kontuila and Raunio 2019, Sundqvist et al. 2019).  
 
Reindeer also seem to influence the location of the tree line, i.e., the border between 
mountain birch forest and open tundra (e.g., Oksanen et al. 1995; Moen et al. 2008). 
Reindeer grazing may increase germination of tree seeds, both conifers and mountain birch, 
as well as emergence and growth of seedlings by breaking the soil surface and removing 
the “lichen barrier” leading to a formation of tree clusters (Tømmervik et al. 2004, 2009, 
Aakala et al. 2014). On the other hand, reindeer also contribute to maintaining the current 
tundra landscape by keeping tall shrubs in a “browsing trap” by preventing tree seedlings 
from growing above browsing height or encroaching on open tundra (Bråthen et al. 2017, 
Olofsson and Post 2018). The question of the position of the tree line links strongly with 
other natural disturbances. In regions which have been exposed to the destruction by mass 
outbreaks of autumnal moths (Epirrita autumnalis) and winter moths (Operophtera 
brumata), summer grazing and browsing may make regeneration of mountain birches 
difficult and as a result, defoliated mountain birch forest can gradually change into a 
treeless tundra that are also referred to as secondary mountain heaths (Chapin et al. 2004, 
Jepsen et al. 2008, Biuw et al. 2014, Meyer et al. 2021).  
 
There is evidence to support that historically formed reindeer herding regimes influence 
the vegetation responses to grazer exclusion. Tømmervik et al. (2012) found that in Norway 
ground lichens in mountain birch sites recovered very rapidly after reindeer population 
reduction, facilitated by increased precipitation. They hypothesized that lichen recovery is 
faster in areas with a history of only winter grazing compared with areas that have a history 
of summer or year-around grazing. These findings agree with observations from boreal 
forests - that lichen growth is at highest during a certain phase of the lichen vegetation, 
showing a bell-shaped function with its biomass (Kumpula et al. 2000). In both the 
Norwegian and Finnish subarctic, dwarf shrub cover seems to increase in parallel with 
lichens under lower grazing intensities (Tømmervik et al. 2012, Stark et al. 2021).  
 
Because – due to historical reasons – reindeer in the Finnish subarctic reside in the interior 
also during the summer season, they exert a strong effect on the mountain birch forest 
structure. Browsing modifies the morphology of the birch individuals, as browsed birches 
typically have fewer and thicker trunks when compared with a more multi-stemmed 
structure with thinner trunks in the absence of browsing (Kumpula et al. 2011, Stark et al. 
2021). Browsing makes the birch forests more open with lower tree density (Jepsen et al. 
2008, Biuw et al 2014), biomass (Oksanen et al. 1995, Helle 2002, Den Herder and Niemelä 
2003, Lempa et al. 2005, Kumpula et al. 2011, Stark et al. 2021), and concentration of 
phenolic secondary compounds (Stark et al. 2007). Browsing decreases the height and the 
abundance of tall shrubs, such as willows, as they are highly palatable and a preferred 
summer food resource (Herder et al. 2004, 2008, Pajunen et al. 2008, Kitti et al. 2009, 
Ravolainen et al. 2011, Kolari et al. 2019).   
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6 How do reindeer modify soil and ecosystem carbon and nutrient cycles?  

Ungulates across the world have an effect on carbon and nutrient cycles through a variety 
of mechanisms that constitute important drivers of ecosystem function such as plant 
production (Wardle et al. 2004, Andriuzzi and Wall 2017) and soil carbon storage (Schmidt 
et al. 2018). It is thus not surprising that also reindeer influence soils and their diverse 
belowground faunal and microbial communities (Fig. 3). Soil feedbacks on vegetation 
through herbivory are of particular importance in northern ecosystems, because soils store 
a major proportion of the total ecosystem carbon stock, and plant species composition and 
productivity are strongly limited by nutrient availability.    

 
Figure 3. By structuring plant community composition through food selection, trampling and 
fertilization, large grazers alter both the quantity and quality of plant litter that eventually forms the 
long-term soil organic carbon stock. Through this mechanism, grazers exhibit a major impact on 
soil nitrogen mineralization and release of carbon dioxide to atmosphere. Due to the complexity of 
mechanisms by which herbivores influence soil processes, the effect of herbivory on decomposition 
and nutrient cycling varies substantially among ecosystems. 
 
 
Reindeer seem to have a relatively minor effect on nitrogen availability in boreal forests 
(Stark et al. 2003, 2010, Köster et al. 2015, Santalahti et al. 2018, Väisänen et al. 2021), 
although soil nitrogen concentrations may increase at the vicinity of the reindeer feeding 
sites (Turunen et al. 2013). Studies in subarctic ecosystems have shown substantial but 
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highly variable effects, others have shown higher (Olofsson et al. 2001, 2004, Stark et al. 
2007, Stark and Väisänen 2014), lower (Stark and Grellmann 2002), or no difference 
(Virtanen et al. 2008, Stark et al. 2008, Francini et al. 2014) in grazed over ungrazed areas. 
However, at the landscape level, reindeer seem to induce higher soil nitrogen levels, which 
has an ecosystem-level importance, because it may sustain higher plant productivity and 
thus counterbalance the effects of plant consumption and trampling (Olofsson et al. 2004; 
Sundqvist et al., 2019). Reindeer increase soil nitrogen availability via fertilization through 
urine and faeces (Stark and Väisänen 2014, Barthelemy et al. 2015). Nutrient transport 
from foraging areas to areas where waste products are deposited could largely decide 
whether reindeer increase or decrease soil nutrient availability in each site (Stark and 
Grellmann 2002, Stark et al. 2015a). 
 
On the other hand, the loss of vegetation cover due to herbivory may expose the soil organic 
layer to erosion through wind, running water or landslides, which in arctic regions is found 
in connection with, e.g., cattle husbandry (Normand et al. 2017). Erosion could be detected 
as lower nutrient contents or as a thinner or absent organic soil layer. However, published 
studies have generally not found differences in the amount of carbon stored in the organic 
soil layer (e.g. Stark et al. 2000, Köster et al. 2013, 2015, Väisänen et al. 2021, Ylänne et 
al. 2018, 2021). The organic soil layer is often drier and thinner under grazing, but also 
more compact (Tuomi et al. 2020). Studies have shown that lichens store only a small 
fraction of the ecosystem carbon, which is dominated by trees, mosses and understorey 
dwarf shrubs (Stark et al. 2000, Köster et al. 2015) and their removal does not affect the 
ecosystem net carbon sink (Susiluoto et al. 2008). In boreal forests, reindeer grazing seems 
to have a negligible effect on the soil CO2 efflux in the field (Köster et al. 2016). Yet, at 
the soil microbial level, carbon dioxide release from boreal forest soils is lower in grazed 
rather than ungrazed dry and mesic forests (Väre et al. 1996, Stark et al. 2003), which may 
indicate that the plant biomass that was protected from grazing undergoes microbial 
decomposition and therefore does not add to long-term soil carbon storage.  
 
In turn, observations from mesic habitats indicate that even substantial shifts in the 
vegetation may result in equivalent soil carbon stocks. For example, a vegetation shift from 
dwarf shrubs and mosses to graminoids increases root litter production, leading to similar 
(Ylänne et al. 2020) or higher soil carbon (Ylänne et al. 2018). Local erosion due to a high 
trampling intensity has been detected along reindeer fences (Moen and Danell 2003). In 
northernmost Fennoscandia, deflation landforms formed by wind erosion started to appear 
on sandy moraines thousands of years ago and are thus geologically much older than 
reindeer domestication, but it has been suggested that reindeer may promote wind erosion 
on these areas (Holtmeier and Broll 2006).  
 
Although grazed and ungrazed areas would eventually store a similar amount of soil 
carbon, many changes still take place in soil microbial processes and community structure. 
Microbial activity of carbon dioxide release (i.e., microbial respiration) in boreal forests is 
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generally lower in grazed than ungrazed areas both in dry and mesic habitats (Väre et al. 
1996, Stark et al. 2003). Studies on litter decomposition in dry forests have shown either 
lower rates under grazing (Stark et al. 2010) or unaffected (Santalahti et al. 2018) rates. 
Some fungal taxa change in abundances in response to grazing, but the dominant taxa 
remain the same (Santalahti et al. 2018). In mountain birch forests, leaf litter decomposed 
more rapidly in the summer than winter range side of reindeer herding districts in Finland 
(Stark et al. 2007). In the Finnish-Norwegian border, mountain birch forest sites grazed 
throughout the year showed higher fungal abundance but lower fungal diversity compared 
to areas with only winter grazing and higher abundances of mountain birches (Ylänne et 
al. 2021). In arctic-alpine tundra, graminoid litter decomposed more rapidly in heavily than 
lightly grazed side of the pasture rotation fence at the same site (Olofsson and Oksanen 
2002, Olofsson et al. 2004). At the same site, it was also found that bacterial and fungal 
communities were highly different depending on grazing intensity, showing a higher 
diversity and stronger responses to nutrient increment under heavy than light grazing 
(Ahonen et al. 2020).  
 
Some studies have also analysed the connections between reindeer and insect herbivores. 
In dry boreal forests, the response of beetle diversity resembled the hypotheses suggested 
for the relationship between grazing and vegetation diversity: greatest positive effect at 
intermediate grazing intensity and negative effects at unproductive sites (Suominen et al. 
2003). In a mesic tundra heath, however, intensive reindeer grazing led to higher densities 
of insect herbivores on willows (Olofsson and Strengbom 2000). 
 
7 The future of Fennoscandian northern ecosystems – and reindeer in it 

Climate warming is shifting northern boreal forests and subarctic areas into a new state 
with increasing abundances of tall and dwarf shrubs and declining lichen abundances 
(Elmendorf et al. 2012). Yet, reindeer interact with the ecosystem response to climate 
warming in complex and multiple ways that depend on the habitat. Changes in the 
vegetation in response to climate warming may be in general slower in nutrient-poor than 
nutrient-rich tundra ecosystems (Virtanen et al. 2010, Ylänne et al. 2015). Reindeer seem 
to dampen or slow down climate-induced increases in deciduous shrub encroachment 
(Horstkotte et al. 2017, Vowles et al. 2017, Vuorinen et al. 2017, Maliniemi et al. 2018), 
while having less influence on evergreen shrubs (Bråthen et al. 2017, Vowles et al. 2017, 
Stark et al. 2021). Contrastingly, reindeer grazing may reinforce the climate-driven decline 
in lichens (Tømmervik et al. 2004, Odland et al. 2018). The observed decline in lichens 
has raised the concern of the availability of winter forage for the reindeer in the future 
(Turunen et al. 2009). 
 
In the long-term, a biome shift from treeless to forested areas will likely take place, and 
whether reindeer promote or counteract treeline advancements may vary between tree 
species and areas (Callaghan et al. 2013). However, historical time series indicate that 
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current increase in biomass and the distribution of the mountain birch in northern Norway 
may be even more strongly related to changes in land-use than to summer warming 
(Tømmervik et al. 2019). The relationship between reindeer and climate-induced changes 
in the timberline is thus very complex. Reindeer can have a surprisingly strong impact also 
on less palatable evergreen seedlings in the timberline (Bognounou et al. 2018), and delay 
the north-ward expansion of the pine treeline also through browsing on mountain birches 
that provide protections to pine seedlings (Juntunen and Neuvonen 2006).  
 
The dampening of ‘shrubification’ or delaying the advance of the treeline has several 
consequences that may be considered beneficial. By controlling the growth of tall species 
through grazing, reindeer may mitigate a warming-induced reduction in plant diversity 
(Kaarlejärvi et al. 2015, 2017, Happonen et al. 2021), increase albedo and therefore have a 
cooling effect on climate (Cohen et al. 2013, te Beest et al. 2016). Present reindeer grazing 
pressure thus slows down many undesired effects of climate change, such as shrubification 
of open tundra landscapes (Bråthen et al. 2017) and declining diversity (Kaarlejärvi et al. 
2017). On the other hand, some habitats would likely benefit from reduced reindeer 
numbers or changed grazing patterns, especially those where ground lichens have been 
depleted due to the combined pressures of reindeer grazing, forestry and other forms of 
land use. Current relatively stable reindeer populations do not allow lichen recovery in the 
same way as earlier in history which featured stronger population fluctuations and 
alternating high and low grazing pressures due to harsh winter conditions, predation, 
disease and parasitic outbreaks (Riseth et al. 2016, 2020). Such fluctuations cannot be 
implemented both for the reasons of animal welfare and stable income requirements.  
 
A major question regarding the effects of reindeer on diversity at different habitats is that 
if the reindeer numbers were reduced to enable lichen recovery, this would be echoed in 
mesic habitats where tall shrubs and forbs would increase, with negative consequences on 
diversity as well as the quality of summer pastures for the reindeer. For example, a 
reduction in reindeer density in mid-Norway from 10 reindeer/km2 to 2-3 reindeer/km2 led 
to an increase of lichen abundance in dry areas, but at the same time also to increased 
shrubification, which reduced the proportion of good herb- and graminoid-rich summer 
pastures (Tømmervik et al. 2010). Thresholds that would prevent willows, dwarf birch and 
mountain birch from invading tundra areas have been estimated to range between 3-4 
reindeer per km2 (den Herder et al. 2004, Tømmervik et al. 2010). Importantly, there is a 
considerable difference in the timeframe over which the changes would occur between 
habitats. On fertile habitats, vegetation appears to recover rapidly even after very intensive 
grazing (Ravolainen et al. 2011), indicating that reduced reindeer numbers could quickly 
result in a reduction in the diversity and quality of summer ranges. By contrast, lichen 
recovery in exposed winter pastures like ridges and heaths might be slow although a 
reduced winter grazing density (19 to 10 reindeer per km2) in concert with higher 
precipitation during summer led to a rapid lichen recovery in large parts of northern 
Norway between 1998-2005 (Tømmervik et al. 2009, 2012). Models concerning Finnish 
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boreal forests suggest that even after a very substantial reduction in reindeer numbers, 
lichen recovery would require several decades, provided that there was also an increase in 
the proportion of old-growth forests (Pekkarinen et al. 2015, 2017). Governance of reindeer 
numbers therefore needs to consider different targets with their ecological consequences 
on ecosystem structure and function in different habitats. With a controlled and accepted 
reduction of the reindeer density done by herders themselves combined with a winter 
rotation system for each siida/district (3year rotation system which provides fresh lichen 
pastures each third year) - improved lichen pastures could be accomplished without huge 
loss of reindeer incomes. 
 
From the perspective of science, commonly used concepts such as ‘ecological state’ or 
‘overgrazing’ are problematic, and depend on how their concepts and meanings are 
understood and valued (Mysterud 2006, Landauer et al. 2021). The impacts of reindeer 
husbandry on biodiversity vary among sites: intensive grazing pressure increases 
biodiversity in productive arctic-alpine tundra heaths, but decreases vegetation diversity in 
nutrient-poor, lichen-rich habitats (Sundqvist et al. 2019). Yet, there is no evidence of 
reindeer decreasing biodiversity at large spatial or temporal scale or any species being 
extinct by too high grazing pressure. When the impacts of reindeer husbandry and the 
ecological state of reindeer ranges are assessed, one has to ask which changes are seen as 
positive, negative or neutral, and from whose perspective. For example, the formation of a 
secondary tundra heath by combined summer grazing and moth outbreak may either be 
interpreted as overgrazing, or as preserving open tundra habitats (Oksanen et al. 1995, 
Horstkotte et al. 2017), which make better winter pastures with improved visibility and 
higher availability of winter forage due to a thinner wintertime snow cover. Similarly, 
while moderate grazing by reindeer and sheep is considered a key process for maintaining 
biodiversity in the Scandinavian mountains (Austrheim and Eriksson 2001, Olofsson and 
Oksanen 2005), climate change and constant high grazing pressure in combination are 
likely the most significant threat for dry Finnish fell habitat types (Kontuila and Raunio 
2019).  
 
Practices such as pasture rotation should be promoted, together with diminishing the 
detrimental impact by other land-uses that contribute to lichen decline (Kumpula et al. 
2014, Sandström et al. 2016, Horstkotte and Moen 2019). Pasture rotation would mean 
both extending pasture rotation between ‘strict’ summer- and winter ranges to prevent 
damages to lichens by trampling, and establishing rotation between grazing sites during 
winter. Collaboration with reindeer herders should be promoted in regional land-use 
planning, in particular regarding the effects on reindeer forage availability (Sandström et 
al. 2012, Turunen et al. 2020, Forbes et al. 2020, Miina et al. 2021). 
 
8  Conclusions 
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Wild and/or domesticated herbivores modify almost every terrestrial ecosystem, including 
both aboveground and below ground components, and northern Fennoscandian ecosystems 
are no exception. Reindeer husbandry in Fennoscandia has a long history and the gradual 
replacement of wild reindeer by semi-domesticated reindeer centuries ago has modified the 
environment over centuries. Exclosure experiments and pasture rotation fences give an 
overview of trends and patterns in vegetation dynamics induced by reindeer grazing, yet 
fail to capture all the interacting mechanisms on pasture ecosystems. We highlight that 
when interpreting evidence from grazer exclosures in ecological and environmental 
contexts, it is critical to be aware that these experiments do not measure the effect of 
grazing per se. Rather, they measure the responses of ecosystem structure and function to 
the sudden cessation of grazing in a situation, where the existing ecosystem was to a large 
degree shaped by the presence of herbivory. As a general trend, lichens decrease with 
increased grazing intensity, but the magnitude of the impact on lichens and the responses 
of other plant groups vary depending on both habitat and historically formed management 
regimes. Reindeer affect soil nutrient cycles to a stronger extent in subarctic than in boreal 
ecosystems.  
 
Because the differences in socio-political history over time shaped when and where 
reindeer graze and move in particular locations and seasons, present-day ecosystem 
structures and functioning must be looked at in the light of historical events and current 
drivers of reindeer herding and grazing systems, including other land-uses. Northern boreal 
forests, subarctic mountain birch forests and tundra habitats should be seen as cultural 
biotopes despite the fact that they are not structured by humans to the same extent as 
agrarian landscapes (Josefsson et al. 2009, Staland et al. 2010, Egelkraut et al. 2018). This 
is supported by several studies showing that the impact of high reindeer densities on soil 
nutrient status can still be visible even after a century without grazing, thereby creating a 
sustaining historical legacy on vegetation and soil processes (Josefsson et al. 2009, 2010, 
Tømmervik et al. 2010, Egelkraut et al. 2018, Stark et al. 2019). Wild reindeer have existed 
in northern Fennoscandia since the last Ice Age, and through this time, were hunted and 
later domesticated by humans. For this reason, Fennoscandia has never experienced a state 
that could be referred to as “natural” in terms of reindeer numbers, if defined as existing 
without any human impact at all. We reason that the concepts of “natural state” and 
“cultural landscape” may not be mutually exclusive in the case of reindeer ranges. 
However, reindeer grazing is just one factor behind vegetation trajectories induced in 
combination with other land-uses and climate change. Questions still remain as to what 
Fennoscandian ecosystems will look like in the long-term, when climate warming advances 
tree-lines, to which extent large-scale vegetation trajectories in different habitat types under 
climate warming depend on the long-term land-use history, and how might future changes 
in reindeer numbers alter these trajectories. Understanding how the intensity and seasonal 
timing of both past and present grazing direct ecosystem changes under climate warming, 
is crucial for predicting future ecosystem structures and functioning in northern 
Fennoscandia as well as ecosystems in general. 



 

 

 
 
 

          

 

 

22 
 

 
Acknowledgements. We are grateful to Philip Burgess for his invaluable help with figures 
and language checking.  
 
 
Literature  
  
Aakala, T., Hari, P., Dengel, S., Newberry, S. L., Mizunuma, T., Grace, J., 2014. A 

prominent stepwise advance of the tree line in north-east Finland. J. Ecol. 102, 1582–
1591.  

Aarseth, B., 1989. Grenser i sameland. Oslo: Norsk Folkemuseum. 
Ahonen, S., Ylänne, H., Väisänen, M., Ruotsalainen, A., Männistö, M.K., Markkola, A.-

M., Stark, S., 2021. Reindeer grazing history determines the responses of subarctic 
soil fungal communities to warming and fertilization. New Phy. 232, 788–801. 

Ahti, T., 1977. Lichens of the Boreal Coniferous Zone, in: Seaward, M.R.D. (Ed.) Lichen 
Ecology. Academic Press Inc., London, pp. 145-181. 

Akujärvi, A., Hallikainen, V., Hyppönen, M., Mattila, E., Mikkola K., Rautio, P., 2014. 
Effects of reindeer grazing and forestry on ground lichens in Finnish Lapland. Silva 
Fenn. 48, e1153.  

Andriuzzi, W.S., Hall, D., 2017. Responses of belowground communities to large 
aboveground herbivores: Meta-analysis reveals biome-dependent patterns and 
critical research gaps. Global Change Biol. 23, 3857-3868. 

Barthelemy, H., Stark, S., Olofsson, J., 2015. Increased plant productivity by long-term 
faeces addition in tundra ecosystems. Ecosystems 18, 740-751.  

Barthelemy, H, Stark, S., Kytoviita, M.-M., Olofsson, J., 2016. Grazing decreases N 
partitioning among coexisting plant species. Funct. Ecol. 31, 2051-2060.  

Barthelemy, H, Stark, S., Michelsen, A., Olofsson, J., 2017. Urine is an important nitrogen 
source for plants irrespective of vegetation composition in an Arctic tundra: insights 
from a 15N-enriched urea tracer experiment. J. Ecol. 106, 367-378.  

te Beest M., Sitters J., Ménard C.B., Olofsson J., 2016. Reindeer grazing increases summer 
albedo by reducing shrub abundance in Arctic tundra. Environ. Res. Lett. 11, 
e125013. 

Bergman I, Zackrisson O, Liedgren L., 2013. From hunting to herding: land use, ecosystem 
processes, and social transformation among sami AD 800-1500. Arctic Anthropol. 
50, 25–39.  

Bernes, C., Bråthen, K.A., Forbes, B.C., Speed, J.D.M., Moen J., 2015. What are the 
impacts of reindeer/caribou (Rangifer tarandus L.) on arctic and alpine vegetation? 
A systematic review. Environ. Evid. 4, 4. 

Biuw, M., Jepsen, J.U., Cohen, J., Ahonen, S.H., Tejesvi, M., Aikio, S., Wäli, P.R., 
Vindstad, O.P.L., Markkola, A.M., Niemelä, P., Ims, R.A., 2014. Long-term impacts 



 

 

 
 
 

          

 

 

23 
 

of contrasting management of large ungulates in the Arctic tundra-forest ecotone: 
ecosystem structure and climate feedback. Ecosystems 17: 1-16. 

Bognounou, F., Hulme, P.E., Oksanen, L., Suominen, O., Olofsson J., 2018. Role of 
climate and herbivory on native and alien conifer seedling recruitment at and above 
the Fennoscandian treeline. J. Veg. Sci 29, 573-584.   

Bråthen, K.A., Ims, R.A., Yoccoz, N.G., Fauchald, P., Tveraa, T., Hausner V.H., 2007. 
Induced shift in ecosystem productivity? Extensive scale effects of abundant large 
herbivores. Ecosystems 10, 773-789. 

Bråthen K.A., Gonzales, V.T., Yoccoz, N.G., 2017. Gatekeepers to the effects of climate 
warming? Niche construction restricts plant community changes along a temperature 
gradient. Perspect. Plant Ecol. Evol. Syst. 30, 71-81. 

Callaghan, T.V., Jonasson, C., Thierfelder, T., Yang, Z., Hedenås, H., Johansson, M., 
Molau, U., Van Bogaert, R., Michelsen, A., Olofsson, J., Gwynn-Jones, D., 
Bokhorst, S., Phoenix, G., Bjerke, J.W., Tømmervik, H., Christensen, T.R., Hanna, 
E., Koller, E.K., Sloan, V.L.  2013. Ecosystem change and stability over multiple 
decades in the Swedish subarctic: complex processes and multiple drivers. Phil. 
Trans. R. Soc. B 368, 20120488. 

Chapin, F.S. III, Callaghan, T.V., Bergeron, Y., Fukuda, M. Johnstone, J.F., Juday, G., 
Zimov, S.A., 2004. Global changes and the boreal forest: thresholds, shifting states 
or gradual change? Ambio 33, 361-365. 

Cohen, J., Pulliainen, J., Ménard, C. B., Johansen, B., Oksanen, L., Luojus, K., Ikonen, J., 
2013. Effect of reindeer grazing on snowmelt, albedo and energy balance based on 
satellite data analyses. Remote Sens. Environ. 135, 107–117.  

Coxson, D.S., Marsh, J., 2001. Lichen chronosequences (postfire and postharvest) in 
lodgepole pine (Pinus contorta) forests of northern interior British Columbia. Can. 
J. Bot. 79: 1449–1464.  

Cramer, T, Ryd, L., 2012. Tusen år i Lappmarken: juridik, skatter, handel och storpolitik. 
Stockholm: Ord och visa.   

Egelkraut, D., Aronsson, K.-Å. Allard, A. Åkerholm, M., Stark, S., Olofsson J., 2018. 
Multiple feedbacks contribute to a centennial legacy of reindeer on tundra vegetation. 
Ecosystems 21, 1545–1563. 

Egelkraut, D., Barthelemy, H., Olofsson, J., 2020. Reindeer trampling promotes vegetation 
changes in tundra heathlands: Results from a simulation experiment. J. Veg. Sci 31, 
476-486. 

Elmendorf, S., Henry, G.H.R., Hollister, R.D., et al., 2012. Plot-scale evidence of tundra 
vegetation change and links to recent summer warming. Nat. Clim. Change 2, 453-
457. 

Eskelinen, A. 2008. Herbivore and neighbour effects on tundra plants depend on species 
identity, nutrient availability and local environmental conditions. J. Ecol. 96, 155-
165. 

Eskelinen, A., S. Harrison, and M. Tuomi. 2012. Plant traits mediate consumer and nutrient 
control on plant community productivity and diversity. Ecology 93, 2705-2718. 



 

 

 
 
 

          

 

 

24 
 

Eskelinen, A., and J. Oksanen. 2006. Changes in the abundace, composition and species 
richness of mountain vegetation in relation to summer grazing by reindeer. J. Veg. 
Sci. 17, 245-254. 

Eskelinen, A., Virtanen, R., 2005. Local and regional processes in low-productive 
mountain plant communities: the roles of seed and microsite limitation in relation to 
grazing. Oikos 110, 360-368. 

Eskelinen, A., Kaarlejärvi, E., Olofsson, J. 2016. Herbivory and nutrient limitation protect 
warming tundra from lowland species invasion and diversity loss. Glob. Chang. Biol. 
23, 245–255.  

Forbes, B.C., Turunen, M.T., Soppela, P., Rasmus, S., Vuojala-Magga, T., Kitti, H., 2020. 
Changes in mountain birch forests and reindeer management: Comparing different 
knowledge systems in Sápmi, northern Fennoscandia. Polar Record 55, 507 – 521.  

Francini, G., Liiri, M., Männistö, M.K., Stark, S., Kytöviita, M.-M., 2014. Response to 
reindeer grazing removal depends on soil characteristics in low Arctic meadows. 
Appl. Soil Ecol. 76, 14-25. 

Gaare, E. and Skogland, T., 1975. Wild reindeer food habits and range use at 
Hardangervidda. In Fennoscandian tundra ecosystems (pp. 195-205). Springer, 
Berlin, Heidelberg. 

Gough, L., Ramsey, E.A., Johnson, D.R., 2007. Plant-herbivore interactions in Alaskan 
arctic tundra change with soil nutrient availability. Oikos 116, 407-418. 

Grellmann, D., 2002. Plant responses to fertilization and exclusion of grazers on an arctic 
tundra heath. Oikos 98, 190-204. 

Haapasaari, M., 1988. The oligotrophic heath vegetation of northern Fennoscandia and its 
zonation. Acta Bot. Fenn. 135, 1–219. 

Happonen, K., Muurinen, L., Virtanen, R., Kaakinen, E., Grytnes, J.-A., Kaarlejärvi, E., 
Parisot, P., Wolff, M., Maliniemi, T., 2021. Trait-based responses to land use and 
canopy dynamics modify long-term diversity changes in forest understories. Global 
Ecol. Biogeogr. 30, 1863–1875.  

Haynes, A.G., Schütz, M., Buchmann, N., Page-Dumroese, D.S., Busse, M.D., Risch, 
A.C., 2014. Linkages between grazing history and herbivore exclusion on 
decomposition rates in mineral soils of subalpine grasslands. Plant Soil 374, 579–
591. 

Heggenes, J., Odland, A., Chevalier, T., Ahlberg J., Berg, A., Larsson, H., Bjerketvedt, 
D.K., 2017. Herbivore grazing – or trampling? Trampling effects by a large ungulate 
in cold high-latitude ecosystems. Ecol. Evol. 7, 6423-6431.  

Heikkinen, H., 2006. Neo-entrepreneurship as an adaptation model of reindeer herding in 
Finland. Nomad. Peoples 10, 187 –208. 

Helle T, Aspi J., 1983. Effects of winter grazing by reindeer on vegetation. Oikos 40, 337-
343. 

Helle, T., Moilanen, H., 1993. The effects of reindeer grazing on the natural regeneration 
of Pinus sylvestris. Scan. J. For. Res. 8, 395-407. 



 

 

 
 
 

          

 

 

25 
 

Helle, T., Kojola, I. 2006. Population trends of semi-domesticated reindeer in 
Fennoscandia – evaluation of explanations. Pages 319-339 in: Forbes B.C. et al. (eds) 
Reindeer Management in Northernmost Europe. Ecological Studies (Analysis and 
Synthesis), vol 184. Springer, Berlin, Heidelberg.  

Helle, T., Jaakkola, L.M., 2008. Transitions in herd management of semi-domesticated 
reindeer in northern Finland.  Ann. Zool. Fennici 45, 81–101.  

Helle, T., Kojola, I., 2008. Demographics in an alpine reindeer herd: effects of density and 
winter weather. Ecography 31, 221–230. 

den Herder, M., Kytöviita, M-M., Niemelä, P., 2003. Growth of reindeer lichens and effects 
of reindeer grazing on ground cover vegetation in a Scots pine forest and a subarctic 
heathland in Finnish Lapland. Ecography 26, 3-12. 

den Herder, M., Virtanen, R., Roininen, H., 2004. Effects of reindeer browsing on tundra 
willow and its associated insect herbivores. J. Appl. Ecol. 41, 870-879. 

den Herder, M., Virtanen, R., Roininen H., 2008. Reindeer herbivory reduces willow 
growth and grouse forage in a forest-tundra ecotone. Basic Appl. Ecol. 9, 324-331. 

Holtmeier, F.K., Broll, G., 2006. Radiocarbon-dated peat and wood remains from the 
Finnish Subarctic: Evidence of treeline and landscape history. The Holocene 16, 743-
751. 

Hörnberg, G., Östlund, L., Zackrisson, O., Bergman, I., 1999. The genesis of two Picea–
Cladina forests in northern Sweden. J. Ecol. 87, 800-814. 

Horstkotte, T., Utsi, A.A., Larsson-Blind, A., Budgess, P., Johansen, B., Käyhkö, J., 
Oksanen, L., Forbes, B.C., 2017. Human–animal agency in reindeer management: 
Sámi herders’ perspectives on vegetation dynamics under climate change. Ecosphere 
8, e01931. 

Horstkotte, T., Moen J., 2019. Successional pathways of terrestrial lichens in changing 
Swedish boreal forests. Forest Ecol. Manag. 453, 117572.  

Holand, Ø., Horstkotte, T., Kumpula, J.., Moen, J., 2022. Reindeer pastoralism in 
Fennoscandia, in: Horstkotte, T., Holand, Ø., Kumpula, J., Moen, J., (Eds.): Reindeer 
husbandry and Global Environmental Change – Pastoralism in Fennoscandia. 
London: Routledge. p. 7 – 47.  

Itkonen, T.I. 1948. Suomen Lappalaiset. Osa 1. Suomen Lappalaiset vuoteen 1945 [Part 1. 
Lapps of Finland until 1945] Osa 2. Poronhoito [Part 2. Reindeer herding]. Porvoo: 
WSOY. 

Jaakkola, L., Helle, T., Soppela, J., Kuitunen, M., Yrjönen, M., 2006. Effects of forest 
characteristics on the abundance of alectorioid lichens in northern Finland. Can J. 
For. Res. 36, 2955-2965. 

Jaakkola, L.M., Heiskanen, M.M., Lensu A.M., Kuitunen, M.T., 2013. Consequences of 
forest landscape changes for the availability of winter pastures to reindeer (Rangifer 
tarandus tarandus) from 1953 to 2003 in Kuusamo, northeast Finland. Bor. Environ. 
Res. 18, 459-472. 



 

 

 
 
 

          

 

 

26 
 

Jepsen, J.U., Hagen, S.B., Ims, R.A., Yoccoz, N.G., 2008. Climate change and outbreaks 
of the geometrids Operophtera brumata and Epirrita autumnata in subarctic birch 
forest: evidence of a recent outbreak range expansion. J. Anim. Ecol. 77, 257-264. 

Josefsson, T., Hörnberg, G., Östlund, L., 2009. Long-term human impact and vegetation 
changes in a boreal forest reserve: implications for the use of protected areas as 
ecological references. Ecosystems 12, 1017-1036. 

Josefsson, T., B. Gunnarsson, L. Liedgren, I. Bergman, and L. Östlund. 2010. Historical 
human influence on forest composition and structure in boreal Fennoscandia. Can. J. 
For. Res. 40, 872-884. 

Juntunen, V., Neuvonen, S., 2006. Natural regeneration of Scots pine and Norway spruce 
close to the timberline in Northern Finland. Silva Fennica 40, 443–458. 

Kaarlejärvi, E., Hoset, K.S., Olofsson, J., 2015. Mammalian herbivores confer resilience 
of Arctic shrub-dominated ecosystems to changing climate. Glob. Chang. Biol. 21, 
3379–3388.  

Kaarlejärvi, E., Eskelinen, A. & Olofsson, J., 2017. Herbivores rescue diversity in warming 
tundra by modulating trait-dependent species losses and gains. Nature Comm. 8, 419.  

Kitti, H., Forbes, B.C., Oksanen, J., 2009. Long- and short-term effects of reindeer grazing 
on tundra wetland vegetation. Polar Biol. 32, 253-261. 

Kojola, I., Helle, T., Niskanen, M., Aikio, P., 1995. Effects of lichen biomass on winter 
diet, body mass and reproduction of semi-domesticated reindeer Rangifer t. tarandus 
in Finland. Wildlife Biol. 1, 33-38.  

Kolari, T.H.M., Kumpula, T., Verdonen, M, Forbes, B.C., Tahvanainen, T., 2019. Reindeer 
grazing controls willows but has only minor effects on plant communities in 
Fennoscandian oroarctic mires. Arct. Antarct. Alp. Res. 51, 506-520. 

Kontula, T., Raunio, A. (Eds). 2019. Threatened Habitat Types in Finland 2018. Red List 
of Habitats – Results and Basis for Assessment. Finnish Environment Institute and 
Ministry of the Environment, Helsinki. The Finnish Environment 2/2019. 
https://helda.helsinki.fi/handle/10138/308426?locale-attribute=en 

Kortesalmi, J.J. 2008 Poronhoidon synty ja kehitys Suomessa [Origin and development of 
reindeer herding in Finland] Tampere: Tammer-Paino Oy. 1–613.  

Kumpula, J., Colpaert, A., Nieminen, M., 2000. Condition, potential recovery rate, and 
productivity of lichen (Cladonia spp.) ranges in the Finnish reindeer management 
area. Arctic 53, 152–160.  

Kumpula J., 2001. Winter grazing of reindeer in woodland lichen pasture: Effect of lichen 
availability on the condition of reindeer. Small Ruminant Res. 39, 121-130. 

Kumpula, J., Stark, S., Holand, O., 2011. Seasonal grazing effects by semi-domesticated 
reindeer on subarctic mountain birch forests. Polar Biol. 34, 441-453. 

Kumpula, J., Kurkilahti, M., Helle, T., Colpaert, A., 2014. Both reindeer management and 
several other land use factors explain the reduction in ground lichens (Cladonia spp.) 
in pastures grazed by semi-domesticated reindeer in Finland. Reg. Environ. Change 
14, 541–559.  



 

 

 
 
 

          

 

 

27 
 

Kuuluvainen, T., Hofgaard, A., Aakala, T., and Jonsson, B.G. 2017. North Fennoscandian 
mountain forests: History, composition, disturbance dynamics and the unpredictable 
future. For. Ecol. Manag. 385, 140-149. 

Köster, E., Köster, K., Aurela, M., Laurila, T., Berninger, F., Lohila, A., Pumpanen, J., 
2013. Impact of reindeer herding on vegetation biomass and soil carbon content: a 
case study from Sodankylä, Finland. Boreal Environ. Res. 18, 35-42. 

Köster, K., Berninger, F., Köster, E., Pumpanen J., 2015. Influences of reindeer grazing on 
above- and below-ground biomass and soil carbon dynamics. Arct. Antarct. Alp. Res. 
47, 495-503. 

Köster, K., E. Köster, L. Kulmala, F. Berninger, and J. Pumpanen. 2016. Are the climatic 
factors combined with reindeer grazing affecting the soil CO2 emissions in subarctic 
boreal pine forest? Catena 149: 616-622.   

Lantto, P., Mörkenstam, U., 2008. Sami Rights and Sami Challenges. Scand. J. Hist. 33, 
26-51.  

Lantto, P., 2010. Borders, citizenship and change: the case of the Sami people, 1751–2008. 
Citizenship studies 14, 543-556. 

Lempa, K., Neuvonen, S., Tømmervik, H., 2005. Effects of reindeer grazing on pastures - 
a necessary basis for sustainable reindeer herding, in: Wielgolaski, F.E., Karlsson, 
P.S., Neuvonen, S. (Eds.). Plant ecology, herbivory, and human impact in nordic 
mountain birch forests. Springer-Verlag, Berling Heidelberg, pp 157-164. 

Lundmark, L., 2006. Reindeer pastoralism in Sweden 1550 - 1950. Rangifer 12, 9 - 16.  
Lähteenmäki, M., 2006. The peoples of Lapland: boundary demarcations and interaction 

in the North Calotte from 1808 to 1889. Finnish Academy of Science and Letters. 
Helsinki 2006. 

Macias Fauria, M., Helle, T., Niva, A., Posio, H., Timonen, M., 2008. Removal of the 
lichen mat by reindeer enhances tree growth in a northern Scots pine forest. Can. J. 
For. Res. 38, 2981-2993. 

Maliniemi, T., Kapfer, J., Saccone P., Skog, A., Virtanen, R., 2018. Long-term vegetation 
changes of treeless heath communities in northern Fennoscandia: Links to climate 
change trends and reindeer grazing. J. Veg. Sci. 29, 469-479.  

Manseau, M., Huot, J., Crete, M., 1996. Effects of summer grazing by caribou on 
composition and productivity of vegetation: community and landscape level. J. Ecol. 
84, 503-513. 

Marin, A., Bjørklund, I., 2015. A tragedy of errors? Institutional dynamics and land tenure 
in Finnmark, Norway. Int. J. Commons 9, 19–40.  

Marin, A., Sjaastad, E., Benjaminsen, T.A., Sara, M.N.M., Borgenvik, E.J.L., 2020. 
Productivity beyond density: a critique of management models for reindeer 
pastoralism in Norway. Pastoralism: Research, Policy and Practise 10:9. 

Meyer, N., Xu, Y., Karjalainen, K., Adamczyk, S., Biasi, C., van Delden, L., Martin, A., 
Mganga, K., Myller, K., Sietiö, O.-M., Suominen, O., Karhu, K. 2022. Living, dead, 
and absent trees—How do moth outbreaks shape small-scale patterns of soil organic 



 

 

 
 
 

          

 

 

28 
 

matter stocks and dynamics at the Subarctic mountain birch treeline? Glob. Chang. 
Biol. 28: 441–462.  

Miina, J., Hallikainen, V., Härkönen, K., Merilä, P., Packalen, T., Rautio, P., Salemaa, M., 
Tonteri, T., Tolvanen, A., 2020. Incorporating a model for ground lichens into multi-
functional forest planning for boreal forests in Finland. Forest Ecol. Manag. 460, 
117912. 

Moen, J., Danell, Ö., 2003. Reindeer in the Swedish mountains: An assessment of grazing 
impacts. Ambio 32, 397-402. 

Moen, J., Cairns, D.M., Lafon, C.W., 2008. Factors structuring the treeline ecotone in 
Fennoscandia. Plant Ecol. Div. 1, 77-87. 

Mysterud, A., 2006. The concept of overgrazing and its role in management of large 
herbivores. Wildlife Biol. 12, 129-141.  

Normand, S., Hoye, T.T., Forbes B.C., Bowden, J.J., Davies, A.L., Odgaard, B.V., Riede, 
F., Svenning, J.-C., Treier, U.A., Willersvel, R., Wischnewski, J., 2017. Legacies of 
historical human activities in Arctic woody plant dynamics. Ann. Rev. Environ. 
Resources 42, 541-567. 

Odland, A., Sbudstol, S.A., Bjerketvedt, D.K., 2018. Alpine lichen-dominated heaths: 
ecology, effects of reindeer grazing, and climate change. A review. Oecologia 
Montana 27, 30-50. 

Oksanen, L., 1978. Lichen grounds of Finnmarksvidda, northern Norway, in relation to 
summer and winter grazing by reindeer. Rep. Kevo Subarct. Res. Stat. 14, 64-71. 

Oksanen, L., Moen, J., Helle, T., 1995. Timberline patterns in northernmost Fennoscandia. 
Relative importance of climate and grazing. Acta Bot. Fenn. 153, 93-106. 

Oksanen, L., Virtanen, R., 1995. Topographic, altitudinal and regional patterns in 
continental and suboceanic heath vegetation of northern Fennoscandia. Acta Bot. 
Fenn. 153, 1-80. 

Olofsson, J., and J. Strengbom. 2000. Response of galling invertebrates on Salix lanata to 
reindeer herbivory. Oikos 91:493-498.  

Olofsson, J., H. Kitti, P. Rautiainen, S. Stark, and L. Oksanen. 2001. Effects of summer 
grazing by reindeer on composition of vegetation, productivity and nitrogen cycling. 
Ecography 24:13-24. 

Olofsson, J., and L. Oksanen. 2002. Role of litter decomposition for the increased primary 
production in areas heavily grazed by reindeer: a litterbag experiment. Oikos 96:507-
515. 

Olofsson, J., Stark, S., Oksanen, L., 2004. Reindeer influence on ecosystem processes in 
the tundra. Oikos 105, 386-396. 

Olofsson, J., Oksanen, L., 2005. Effects of reindeer density on vascular plant diversity on 
North Scandinavian mountains. Rangifer 25, 5-18. 

Olofsson, J., 2006. Plant diversity and resilience to reindeer grazing. Arct. Antarct. Alp. 
Res. 38, 131-135. 



 

 

 
 
 

          

 

 

29 
 

Olofsson, J., Oksanen, L., Callaghan, T.V., Hulme, P.D., Oksanen, T., Suominen, O., 2009. 
Herbivores inhibit climate-driven shrub expansion on the tundra. Global Change 
Biol. 15, 2681-2693. 

Olofsson, J., Moen, J., Östlund, L., 2011. Effects of reindeer on boreal forest floor 
vegetation: does grazing cause vegetation state transitions? Basic Appl. Ecol. 11, 
550-557. 

Olofsson, J., Oksanen, L. Oksanen, T., Tuomi, M., Hoset, K.S., Virtanen, R., Kyrö, K., 
2014. Long-term experiments reveal strong interactions between lemmings and 
plants in the Fennoscandian highland tundra. Ecosystems 17, 606–615. 

Olofsson, J., Post, E., 2018. Effects of large herbivores on tundra vegetation in a changing 
climate, and implications for rewilding. Philos. Trans. R. Soc. B: Biol. Sci. 373, 
20170437.  

Pajunen, A., Virtanen, R., Roininen, H., 2008. The effects of reindeer grazing on the 
composition and species richness of vegetation in forest–tundra ecotone. Polar Biol. 
31, 1233–1244. 

Pastor, J., Naiman, R.J., 1992. Selective foraging and ecosystem processes in boreal 
forests. Am. Nat. 139, 690-705. 

Pastor, J., Dewey, B., Naiman, R.J., McInnes, P.F., Cohen, Y. 1993. Moose browsing and 
soil fertility in the boreal forests of Isle Royale National Park. Ecology 74:467-480. 

Pegau, R.E., 1970. Effect of reindeer trampling and grazing on lichens. J. Range Manag. 
23, 95-97.  

Pekkarinen, A.-J., Kumpula, J., Tahvonen, O., 2015. Reindeer management and winter 
pastures in the presence of supplementary feeding and government subsidies. Ecol. 
Model. 312, 256–271. 

Pekkarinen, A.-J., Kumpula, J., Tahvonen, O., 2017. Parameterization and validation of an 
ungulate-pasture model. Ecol. Evol. 7: 8282–8302. 

Pelletier, M., Kotiaho, A., Niinimäki, S., Salmi, A.-K., 2021. Impact of selection and 
domestication on hindlimb bones of modern reindeer populations: Archaeological 
implications for early reindeer management by Sámi in Fennoscandia. Hist. Biol., 
https://doi.org/10.1080/08912963.2021.1947268 

Rasmus, S, Kojola, I., Turunen, M., Norberg, H., Kumpula, J., Ollila, T., 2020. Mission 
impossible? Pursuing the co-existence of viable predator populations and sustainable 
reindeer husbandry in Finland. J. Rural Stud. 80, 135–148.  

Ravolainen, V.T., Bråthen, K.A., Ims, R.A., Yoccoz, N.G., Henden, J.A., Killengreen, 
S.T., 2011. Rapid, landscape scale responses in riparian tundra vegetation to 
exclusion of small and large mammalian herbivores. Basic Appl. Ecol. 12, 643-653. 

Riseth, J.Å., Johansen, B., Vatn, A., 2002. Aspects of a two-pasture – herbivore model. 
Rangifer Special Issue No. 15, 65-81. 

Riseth, J.Å., Tømmervik, H., Bjerke, J.W., 2016. 175 years of adaptation: North 
Scandinavian Sami reindeer herding between government policies and winter climate 
variability (1835-2010). J. For. Econ. 24, 186-204. 



 

 

 
 
 

          

 

 

30 
 

Riseth, J. Å., Tømmervik, H., Tryland, M., 2020. Spreading or Gathering? Can Traditional 
Knowledge Be a Resource to Tackle Reindeer Diseases Associated with Climate 
Change? Int. J. Environ. Res. Public Health 2020, 17, 6002. 

Roturier, S., Bergsten, U., 2006. Influence of soil scarification on reindeer foraging and 
damage to planted Pinus sylvestris seedlings. Scand. J. For. Res. 21, 209–220.  

Saccone, P., T. Pyykkönen, A. Eskelinen, and R. Virtanen. 2014. Environmental 
perturbation, grazing pressure and soil wetness jointly drive mountain tundra toward 
divergent alternative states. J. Ecol. 102, 1661-1672. 

Saccone, P., Virtanen, R., 2015. Extrapolating multi-decadal plant community changes 
based on medium-term experiments can be risky: evidence from high-latitude tundra. 
Oikos 125, 76-85.  

Santalahti, M., Sun, H., Sietiö, O.-M., Köster, K., Berninger, F., Laurila, T., Pumpanen, J., 
Heinonsalo, J., 2018. Reindeer grazing alter soil fungal community structure and 
litter decomposition related enzyme activities in boreal coniferous forests in Finnish 
Lapland. Appl. Soil Ecol. 132, 74–82.  

Salmi, A.-K., van der Berg, M., Niinimäki, S., Pelletier, M., 2021. Earliest archaeological 
evidence for domesticated reindeer economy among the Sámi of Northeastern 
Fennoscandia AD 1300 onwards. J. Anthropol. Archaeol. 62, 101303. 

Sandström, P., Sandström, C., Svensson, J., Jougda, L., Baer, K., 2012. Participatory GIS 
to mitigate conflicts between reindeer husbandry and forestry in Vilhelmina Model 
Forest, Sweden. For. Chron. 88, 254-260. 

Sandström, P., Cory, N., Svensson, J., Hedenås, H., Jougda, L., Borchert N., 2016. On the 
decline of ground lichen forests in the Swedish boreal landscape: Implications for 
reindeer husbandry and sustainable forest management. Ambio 45, 415-429. 

Schmitz, O.J., Raymond, P.A., Estes, J.A. Kurz, W.A., Holtgrieve, G.W., Ritchie, M.E., 
Schindler, D.E., Spivak, A.C., Wilson, R.W., Bradford, M.A., Christensen, V., 
Deegan, L., Semtacek, V., Vanni, M.J., Wilmers, C.C., 2014. Animating the carbon 
cycle. Ecosystems 17, 344-359. 

Sitters, J., te Beest, M., Cherif, M., Giesler, R., Olofsson, J., 2017. Interactive effects 
between reindeer and habitat fertility drive soil nutrient availabilities in Arctic tundra. 
Ecosystems 20, 1266-1277. 

Skogland, T., 1984. Wild reindeer foraging‐niche organization. Ecography 7, 345-379. 
Staland, H., Salmonsson, J., Hörnberg, G., 2010. A thousand years of human impact in the 

northern Scandinavian mountain range: Long-lasting effect on forest lines and 
vegetation. Holocene 21, 379-391. 

Stark, S., Wardle, D.A., Ohtonen, R., Helle, T., Yeates, G.W., 2000. The effect of reindeer 
grazing on decomposition, mineralization and soil biota in a dry oligotrophic Scots 
pine forest. Oikos 90, 301-310. 

Stark, S., Grellmann, D., 2002. Soil microbial responses to herbivory in an arctic tundra 
heath at two levels of nutrient availability. Ecology 83, 2736-2744. 

Stark, S., Strömmer, R., Tuomi, J., 2002. Reindeer grazing and soil microbial processes in 
two suboceanic and two subcontinental tundra heaths. Oikos 97, 69-78. 



 

 

 
 
 

          

 

 

31 
 

Stark, S., Tuomi, J., Strömmer, R., Helle, T., 2003. Non-parallel changes in soil microbial 
carbon and nitrogen dynamics due to reindeer grazing in northern boreal forests. 
Ecography 26, 51-59. 

Stark, S., Julkunen-Tiitto, R., Kumpula, J., 2007. Ecological role of reindeer summer 
browsing in the mountain birch (Betula pubescens ssp. czerepanovii) forests: effects 
on plant defense, litter decomposition, and soil nutrient cycling. Oecologia 151, 486-
498. 

Stark, S., M.-M. Kytöviita, M. K. Männistö, and A. B. Neumann. 2008. Soil microbial and 
microfaunal communities and organic matter quality in reindeer winter and summer 
ranges in Finnish subarctic mountain birch forests. Applied Soil Ecology 40:456-
464. 

Stark, S., Männistö, M.K., Smolander, A., 2010. Multiple effects of reindeer grazing on 
soil processes in nutrient-poor boreal forests. Soil Biol. Biochem. 42, 2068-2077. 

Stark, S., Eskelinen, A., Männistö, M.K., 2012. Regulation of microbial community 
composition and activity by soil nutrient availability, soil pH, and herbivory in the 
tundra. Ecosystems 15:18-33. 

Stark, S., Männistö, M.K., Eskelinen, A., 2015a. When do grazers accelerate or decelerate 
soil carbon and nitrogen cycling in tundra? A test of theory on grazing effects in 
fertile and infertile habitats. Oikos 124, 593-602 

Stark, S., Männistö, M.K., Ganzert, L., Tiirola, M., Häggblom, M. 2015b. Grazing 
influences temperature adaptation of soil microbial community in tundra soil. Soil 
Biol. Biochem. 84, 147-157. 

Stark, S., Väisänen, M., 2014. Insensitivity of soil microbial activity to temporal variation 
in soil N in subarctic tundra - Evidence from responses to large migratory grazers. 
Ecosystems 17, 906–917. 

Stark, S., Egelkraut, D., Aronsson, K.-Å., Olofsson, J., 2019. Contrasting vegetation states 
do not diverge in soil organic matter storage: evidence from historical sites in tundra. 
Ecology 100(7):e02731.  

Stark, S., Ylänne, H., Kumpula, J., 2021. Recent mountain birch ecosystem change 
depends on the seasonal timing of reindeer grazing. J. Appl. Ecol. 58, 941–952.  

Storeheier, P.V., Mathiesen, S.D., Tyler, N.J.C., Schejelderup, I., Olsen, M.A., 2002. 
Utilization of nitrogen- and mineral-rich vascular forage plants by reindeer in winter. 
J. Agric. Sci. 139: 151-160. 

Storeheier, P.V., Van Oort, B.E.H., Sundset, M.A., Mathiesen, S.D., 2003. Food intake of 
reindeer in winter. J. Agric. Sci. 141, 93-101. 

Sundqvist, M.K, Moen, J., Björk, R.G., Vowles, T., Kytöviita, M.-M., Parsons, M.A., 
Olofsson, J., 2019. Experimental evidence of the long‐term effects of reindeer on 
Arctic vegetation greenness and species richness at a larger landscape scale. J. Ecol. 
107, 2724-2736.  

Suominen, O., J. Niemelä, P. Martikainen, P. Niemelä, and I. Kojola. 2003. Impact of 
reindeer grazing on ground-dwelling Carabidae and Curculionidae assemblages in 
Lapland. Ecography 26:503-513. 



 

 

 
 
 

          

 

 

32 
 

Suominen, O., and J. Olofsson. 2000. Impacts of semi-domesticated reindeer on structure 
of tundra and forest communities in Fennoscandia: a review. Annales Zoologici 
Fennici 37:233-249. 

Susiluoto, S., Rasilo, T., Pumpanen, J., Berninger, F., 2008. Effects of grazing on the 
vegetation structure and carbon dioxide exchange of a Fennoscandian fell ecosystem. 
Arct. Antarct. Alp. Res. 40, 422-431. 

Tanentzap, A.J., Coomes, D.A., 2012. Carbon storage in terrestrial ecosystems: do 
browsing and grazing herbivores matter? Biol. Rev. 87, 72-94. 

Tømmervik, H., Johansen, B., Tombre, I., Thannheiser, D., Høgda, K. A., Gaare, E., 
Wielgolaski, F.E., 2004. Vegetation changes in the Nordic mountain birch forest: the 
influence of grazing and climate change. Arct. Antarct. Alp. Res. 36, 323–332.  

Tømmervik, H., Johansen, B., Riseth, J. A., Karlsen, S. R., Solberg, B., Høgda, K.A., 2009. 
Above ground biomass changes in the mountain birch forests and mountain heaths 
of Finnmarksvidda, northern Norway, in the period 1957–2006. Forest Ecol. Manag. 
257, 244–257. 

Tømmervik, H., Dunfjeld, S., Olsson, G.A., Nilsen, M.Ø., 2010. Detection of ancient 
reindeer pens, cultural remains and anthropogenic influenced vegetation in Byrkije 
(Børgefjell) mountains, Fennoscandia. Landsc. Urban Plan. 98, 56–71.  

Tømmervik, H., Bjerke, J., Gaare, E., Johansen, B., Thannheiser, D., 2012. Rapid recovery 
of recently overexploited winter grazing pastures for reindeer in northern Norway. 
Fungal Ecol. 5, 3–15. 

Tømmervik, H. Bjerke, J.W., Park, T., Hanssen, F., Myneni, R.B., 2019. Legacies of 
historical exploitation of natural resources are more important than summer warming 
for recent biomass increases in boreal-arctic transition region. Ecosystems 22, 1512–
1529. 

Tuomi, M., Stark, S., Hoset, K.S., Väisänen, M., Oksanen, L., Murguzur, F.J.A., Tuomisto, 
H., Dahlgren, J., Bråthen, K.A., 2019. Herbivore effects on ecosystem process rates 
in a low-productive system. Ecosystems 22, 827–843. 

Tuomi, M., Väisänen, M., Ylänne, H., Brearley, F., Barrio, I., Bråthen, K.A., Eischeid, I., 
Forbes, B., Jonsdottir, I., Kolstad, A., Macek, P., Petit Bon, M., Speed, J., Stark, S., 
Svavarsdóttir, K., Thórsson, J., Bueno, C., 2021. Stomping in silence: 
Conceptualizing trampling effects on soils in polar tundra. Funct. Ecol. 35, 306–317. 

Turunen, M., Soppela, P., Kinnunen, H., Sutinen, M.-L. & Martz, F.  2009. Does climate 
change influence the availability and quality of reindeer forage plants? A review. 
Polar Biology 32:813-832. DOI 10.1007/s00300-009-0609-2.  

Turunen, M., Oksanen, P., Vuojala-Magga, T., Markkula, I., Sutinen, M.-L., Hyvönen, J., 
2013. Impacts of winter feeding of reindeer on vegetation and soil in the sub-Arctic: 
Insights from a feeding experiment. Polar Res. 32, 18610. 

Turunen, M., Rasmus, S., Järvenpää, J., Kivinen, S., 2020. Relations between forestry and 
reindeer husbandry in northern Finland –Perspectives of science and practice. Forest 
Ecol. Manag. 457, 117677. 



 

 

 
 
 

          

 

 

33 
 

Tyler, N.J.C., Turi, J.M., Sundset, M.A., Bull, K.S., Sara, M.N., Reinert, E., Oskal, N., et 
al., 2007. Saami reindeer pastoralism under climate change: Applying a generalized 
framework for vulnerability studies to a sub-arctic social-ecological system. Global 
Environ. Change 17, 191–206. 

Uboni, A., Horstkotte, T., Kaarlejärvi, E., Sévêque, A., Stammler, F., Olofsson, J., Forbes 
B.C., Moen, J., 2016. Long-term trends and role of climate in the population 
dynamics of Eurasian reindeer. PLOS One 11, e0158359. 

Uboni, A., Blochel, A., Kodnik, D., Moen, J., 2019. Modelling occurrence and status of 
mat-forming lichens in boreal forests to assess the past and current quality of reindeer 
winter pastures. Ecol. Indic. 96, 99-106. 

Virtanen, R., Henttonen, H., Laine, K., 1997. Lemming grazing and structure of a snowbed 
plant community - a long-term experiment at Kilpisjärvi, Finnish Lapland. Oikos 79, 
155-166. 

Virtanen, R., Salminen, J., Strömmer, R., 2008. Soil and decomposer responses to grazing 
exclusion are weak in mountain snow-beds. Acta Oecol. 33, 207-212. 

Virtanen, R., Luoto, M., Rämä, T., Mikkola, K., Hjort, J., Grytnes, J.-A., Birks, H.J.B., 
2010. Recent vegetation changes at the high-latitude tree line ecotone are controlled 
by geomorphological disturbance, productivity and diversity. Glob. Ecol. Biogeogr. 
19, 810-821. 

Virtanen, R., Oksanen, L., Oksanen, T., Cohen, J., Forbes, B.C., Johansen, B., Käyhkö, J., 
Olofsson, J., Pulliainen, J., Tømmervik, H., 2015. Where do the treeless tundra areas 
of northern highlands fit in the global biome system: toward an ecologically natural 
subvision of the tundra biome. Ecol Evol. 6, 143–158.  

Vistnes, I.I., Nellemann, C., 2008. Reindeer winter grazing in alpine tundra: impacts on 
ridge community composition in Norway. Arct. Antarct. Alp. Res. 40, 215-224. 

Vorren, Ø. 1980. Samisk bosetning på Nordkalotten. – In: Badou, E. & K-H. Dahlstedt 
(eds.). Nord-Skandinaviens historia i tvärvetenskaplig belysning. Umeå 

Vowles, T., Gunnarsson, B., Molau, U., Hickler, T., Klemedtsson, L., Björk, R.G., 2017. 
Expansion of deciduous tall shrubs but not evergreen dwarf shrub inhibited by 
reindeer in Scandes mountain range. J. Ecol. 105, 1547-1561. 

Vuorinen, K.E.M., Oksanen, L., Oksanen, T., Pyykönen, A., Olofsson, J., Virtanen R., 
2017. Open tundra persist, but arctic features decline - Vegetation changes in the 
warming Fennoscandian tundra. Global Change Biol. 23, 3794-3807. 

Väisänen, M., Ylänne, H., Kaarlejärvi, E., Sjögersten, S., Olofsson, J., Crout, N., Stark, S., 
2014. Consequences of warming on tundra carbon balance determined by reindeer 
grazing history. Nat. Clim. Change 4, 384–388. 

Väisänen, M., Tuomi, M., Bailey, H., Welker, J.M., 2021. Plant and soil nitrogen in 
oligotrophic boreal forest habitats with varying moss depths: does exclusion of large 
grazers matter? Oecologia 196, 839-849. 

Väre, H., Ohtonen, R., Mikkola, K., 1996. The effect and extent of heavy grazing by 
reindeer in oligotrophic pine heaths in northeastern Fennoscandia. Ecography 19, 
245-253. 



 

 

 
 
 

          

 

 

34 
 

Väre, H., Ohtonen, R., Oksanen, J., 1995. Effects of reindeer grazing on understorey 
vegetation in dry Pinus sylvestris forests. J. Veg. Sci. 6, 523-530. 

Wardle, D. A., Bardgett, R. D., Klironomos, J. N., Setälä, H., Van der Putten, W. H. and 
Wall, D. H. 2004. Ecological linkages between aboveground and belowground biota. 
- Science 304: 1629-1633.  

Warenberg K, Danell O, Gaare E, Nieminen M 1997 Porolaidunten kasvillisuus. 
Landbruksforlaget (Nordic Council for Reindeer Research), Tromsø, Norway 

Ylänne, H., Stark, S., Tolvanen, A., 2015. Vegetation shift from deciduous to evergreen 
dwarf shrubs in response to selective herbivory offsets carbon losses: evidence from 
19 years of warming and simulated herbivory in the subarctic tundra. Glob. Chang. 
Biol. 21:3696-3711. 

Ylänne, H., Olofsson, J., Oksanen, L., Stark, S., 2018. Consequences of grazer-induced 
vegetation transitions on ecosystem carbon storage in the tundra. Funct. Ecol. 32, 
1091-1102. 

Ylänne, H., Kaarlejärvi, E., Väisänen, M., Ahonen, S., Männistö, M., Olofsson, J., Stark 
S., 2020. Removal of grazers alters the response of tundra soil carbon to warming 
and enhanced nitrogen availability. Ecol. Monogr. 90, e01396.  

Ylänne, H., Madsen, R.L., Castaño, C., Metcalfe, D.B., Clemmensen, K.E., 2021. Reindeer 
control over subarctic treeline alters soil fungal communities with potential 
consequences for soil carbon storage. Glob. Chang. Biol. 27, 4254–4268.  

Zamin, T.J., Grogan, P., 2013. Caribou exclusion during a population low increases 
deciduous and evergreen shrub species biomass and nitrogen pools in low Arctic 
tundra. J. Ecol. 101, 671-683. 

Åhman, B., Svensson, K., Rönnegård, L., 2014. High female mortality resulting in herd 
collapse in free-ranging domesticated reindeer (Rangifer tarandus tarandus) in 
Sweden. PLoS ONE 9, e111509.  

Östlund, L., Hörnberg, G., DeLuca, T.H., Liedgren, L., Wikström, P., Zackrisson, O. and 
Josefsson, T., 2015. Intensive land use in the Swedish mountains between AD 800 
and 1200 led to deforestation and ecosystem transformation with long-lasting effects. 
Ambio, 44(6), pp.508-520. 

 
 


