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Background
The reindeer (or caribou, Rangifer tarandus L.) has a natural range extending over much of Eurasia’s
and North America’s arctic, alpine and boreal zones, yet its impact on vegetation is still unclear. This
lack of a common understanding hampers both the management of wild and semi-domesticated
reindeer populations and the preservation of biodiversity. To achieve a common platform, we have
undertaken a systematic review of published studies that compare vegetation at sites with different
reindeer densities. Besides biodiversity, we focused on effects on major plant growth forms.

Methods
Searches for literature were made using online publication databases, search engines, specialist
websites and bibliographies of literature reviews. Search terms were developed in English, Finnish,
Norwegian, Russian and Swedish. Identified articles were screened for relevance based on titles,
abstracts and full text using inclusion criteria set out in an a priori protocol. Relevant articles were
then subject to critical appraisal of susceptibility to bias. Data on outcomes such as abundance,
biomass, cover and species richness of vegetation were extracted together with metadata on site
properties and other potential effect modifiers.

Results
Our searches identified more than 6,000 articles. After screening for relevance, 100 of them remained.
Critical appraisal excluded 60 articles, leaving 40 articles with 41 independent studies. Almost two
thirds of these studies had been conducted in Fennoscandia. Meta-analysis could be made of data from
31 of the studies. Overall, effects of reindeer on species richness of vascular plants depended on
temperature, ranging from negative at low temperature to positive at high temperature. Effects on
forbs, graminoids, woody species, and bryophytes were weak or non-significant, whereas the effect on
lichens was negative. However, many individual studies showed clear positive or negative effects, but
the available information was insufficient to explain this context dependence.

Conclusions
We see two pressing matters emerging from our study. First, there is a lack of research with which to
build a circumpolar understanding of grazing effects, which calls for more studies using a common
protocol to quantify reindeer impacts. Secondly, the highly context-dependent outcomes suggest that
research and management have to consider local conditions. For instance, predictions of what a
management decision would mean for the effects of reindeer on vegetation will have to take the
variation of vegetation types and dominant growth forms, productivity, and grazing history into
account. Policy and management have to go hand-in-hand with research in individual cases if the
dynamics between plants, animals, and humans are to be sufficiently understood.
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Reindeer and reindeer husbandry
The reindeer (Rangifer tarandus L.) has a natural range extending over much of Eurasia’s and North
America’s arctic, alpine and boreal zones. In considerable parts of this region, reindeer are the only
large herbivores. In the 20th century, the species was also introduced into several areas where it never
occurred naturally, including a number of islands in the Arctic and South Atlantic.
Rangifer tarandus is the only species of the genus Rangifer, but it includes several subspecies. The
Eurasian subspecies are referred to as reindeer, while those native to North America generally are
known as caribou. We will normally use the term caribou only when specifically referring to studies
from North America.
Wild reindeer are still numerous in parts of the world, notably in Canada and Alaska. In northern
Europe and Siberia, however, the majority of reindeer populations have been domesticated or semidomesticated for several centuries. Here, they are herded by indigenous and local peoples. Some large
populations of wild reindeer are still present in Russia, and a few small ones remain in southern
Norway and southeastern Finland, but in Sweden all reindeer are semi-domesticated.
Over the seasons, many reindeer herds migrate over large distances between summer and winter
pastures, and between pastures with different vegetation within the seasonal ranges. Reindeer in
Sweden normally spend the snow-free season foraging on alpine tundra, in the forest-tundra ecotone,
or in subalpine birch forests, whereas they spend the winter in boreal coniferous forests.
The quality of the summer ranges are very important for the growth and condition of the reindeer,
including how well they can survive subsequent difficult winters. However, the quality of the winter
pastures is usually a strong determining factor for the population size of reindeer [1]. During some
winters, foraging is made difficult by ice or deep snow, and herd sizes can therefore vary considerably
from one decade to another (although in some areas, domesticated reindeer may be given
supplementary food through parts of the winter [2]). In Sweden, the number of reindeer has oscillated
repeatedly between c. 150,000 and c. 300,000 over the last 125 years, with a long-term average of
about 225,000 (see Figure 1). Similar numbers are currently found in Norway and Finland. These
statistics refer to sizes of post-slaughter winter herds. In summer, the numbers are considerably higher
due to calving during spring.
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Impacts of reindeer on arctic and alpine vegetation
Being the most numerous large herbivores in circumpolar areas, reindeer play a pivotal role in their
ecosystems. Through their effects on vegetation and carnivore populations, reindeer affect several
ecosystem processes, while also providing essential ecosystem services to indigenous peoples [3].
The arctic and alpine tundra, where reindeer find much of their food, constitutes one of the most
marginal habitats on earth [4]. For primary producers, conditions here are nutrient-limited and
climatically extreme. The vegetation is dominated by growth forms that require only small amounts of
nutrients (e.g. lichens and bryophytes) or are able to conserve nutrients (e.g. dwarf shrubs [5]).
Since reindeer are among the few herbivores able to digest lichens [6] and bryophytes [7], they are
highly adapted to the vegetation of the tundra ecosystem [8]. Along with species of Cetraria, reindeer
lichens (Cladonia and Cladina spp.) form a prominent part of the ground vegetation in many polar
areas [9]. However, while lichens usually make up a substantial part of the reindeer diet, especially in
winter, the animals may well survive without them if other food is available [8, 10]. In summer,
reindeer prefer vascular plants such as graminoids (grasses, sedges and rushes), forbs, and leaves of
shrubs and deciduous trees. It is on summer pastures dominated by such plants that reindeer gain
enough weight to survive the long winter, a season when icing events sometimes block their access to
food resources almost entirely.
Reindeer can therefore be seen as seasonally adaptable ruminants and as intermediate feeders, and
their migratory nature enables them to locate and utilise pulses of nutrients in space and time [11, 12].
Nutrient pulses mainly occur after snowmelt, facilitating the growth of nutritious plants such as forbs
and graminoids [13, 14]. Reindeer are able to feed under spring-like conditions during large parts of
the growing season, either by following snowmelt as it advances to higher altitudes or latitudes [15] or
by changing preference during the summer season between growth forms with different phenological
timing [16].
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The impacts of reindeer herbivory can apparently be strong enough to cause transitions between
vegetation states in tundra ecosystems [8], such as changes from lichen- to bryophyte- to graminoiddominated vegetation. Shifts from lichen- to bryophyte-dominated stages following intensive grazing
and trampling have been documented in a vast number of reindeer ranges [3, 8]. Evidence for
transitions to a graminoid-dominated state has been found in experimental studies of the effects of
reindeer activity [17], or where reindeer behaviour has been manipulated, e.g. along fences regulating
reindeer migration [18, 19]. Yet, this evidence has not been corroborated by studies assessing
rangelands of freely roaming semi-domesticated reindeer [20, 21]. Some studies indicate that reindeer
grazing (particularly by semi-domesticated herds in Eurasia) may counteract climatically induced
encroachment of trees and shrubs in tundra [3, 22–24], even to the extent of limiting populations of
shrub-dependent bird species [25]. However, others have found the impacts on vegetation by caribou
in North America to be minor [11].
These seemingly inconsistent results may reflect the fact that Rangifer grazing systems are particularly
variable, spanning vast areas with both domestic and wild herds, with introduced reindeer populations
as well as native ones, with many different management systems, and with large climatic and biotic
gradients. The response of vegetation to herbivory depends on factors such as productivity [26] and
the long-term history of grazing [27], and these factors are known to vary considerably in areas where
reindeer occur.
Changes in the impact of reindeer on vegetation currently cause concern in several regions, both
where populations have been reduced and where they have reached historic highs [28, 29]. For
instance, increased population densities have reduced the abundance of palatable forage plants in
some summer ranges, with consequences for reindeer calf weights [20]. Lack of forage has even been
claimed to contribute to reindeer losses to predators [30] in areas where no assessment of reindeer
impact on vegetation has been made. On the other hand, a reduction of the grazing pressure could
have negative effects on biodiversity if it means that reindeer are no longer able to control shrub
encroachment [31].

Effects of climate change on vegetation and reindeer grazing
Climate change will likely have strong effects on arctic ecosystems. Temperature changes occur at a
much faster pace in the Arctic than in the world as a whole [32], causing a rapid increase in terrestrial
biomass. This so-called ‘greening of the Arctic’ [3, 33–35] involves both range expansions and
increased in situ growth of tall shrubs, treeline trees and graminoids. The changes are not evenly
distributed over the Arctic, however. Recent estimates [32, 36] indicate substantial greening over
about a third of the area (the North American High Arctic and the east European Arctic), browning
within a few percent of the area, and no significant change within about half of the Arctic. The reasons
for these differences vary, but they include differential warming, moisture changes, herbivory,
industrial development and legacies from past land use [32].
The net effects of these changes on reindeer populations are not easy to predict [37]. Since plant
species respond in different ways to climate change, novel ecosystems may arise [35]. The expansion of
tall shrubs may have negative effects on field-layer plants due to competition, forage quality may
change as plant phenology and nutrient cycling are altered [14], and reindeer migrations between
summer and winter ranges may be affected. The effects of reindeer grazing on shrub expansion [24]
might cause climatic feedbacks through albedo changes [38]. These could add to the highly dynamic
nature of the tundra system.
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Shifting perspectives on the impacts of reindeer grazing
In Sweden, public opinion on how reindeer grazing affects mountain vegetation has shifted during the
last few decades. In the 1990s, several well-publicised records of grazing-related vegetation
degradation helped to form a widespread perception that some mountain areas were overutilised, and
a concern that Swedish reindeer husbandry was not sustainable [39]. This was, for instance, reflected
in a Swedish government bill stating that some areas had become overgrazed over a long time because
of ‘an imbalance between reindeer numbers and available forage’ [40].
In other parts of Fennoscandia, severe overexploitation of reindeer ranges was noted, particularly on
lichen heaths in Finnmark in northernmost Norway and in Finnish Lapland [41, 42], and on summer
ranges dominated by vascular plants in Finnmark [20]. The damage on the lichen heaths was caused
by a change in seasonal grazing from winter to summer, with lichens being worst affected due to their
sensitivity to trampling during the snow-free season, whereas the reduction of palatable vascular
plants was an effect of increased reindeer numbers.
More recently, however, the impact of reindeer grazing on mountain vegetation was subject to reevaluation in Sweden. Analyses of available data on reindeer numbers and grazing effects indicated
that the fears of overgrazing were based on local damage around a few enclosures and fences. Some of
the effects were due to trampling on lichen-dominated vegetation, while others involved vegetation
dominated by vascular plants, but no evidence of large-scale overutilisation of reindeer ranges in the
Swedish mountains could be found [39]. The present-day consensus is that overgrazing of Swedish
reindeer ranges has been temporary and local, and that it rarely has caused permanent damage.
Recent evidence from Finnmark’s winter rangelands points to the same conclusion [43]. Drawing on a
literature review, Linkowski & Lennartsson [44] concluded that even heavy grazing during a limited
period can promote the diversity of alpine vegetation in the long run.
Moreover, the Swedish Parliament has adopted an environmental quality objective for the mountains.
One of the specifications of this objective declares that it is essential to preserve ‘a mountain landscape
characterised by grazing’ [45], referring to the conservation of key ecological functions in the
landscape. However, no details have been given on how this specification is to be interpreted in
ecological terms. For instance, one study suggests that grazing impacts on species richness are small,
while effects on rare species and species composition (i.e. changes of relative species abundances) are
stronger [46]. It is not clear how this translates into a ‘landscape characterised by grazing’.

Rationale for a systematic review
The variation in the impacts of reindeer on vegetation between studies and regions demonstrates that
it is challenging to predict the ecological consequences of various forms of management of both
domesticated and wild reindeer populations. The lack of a comprehensive assessment of how
vegetation is affected by reindeer suggests that there is a need to evaluate the ecological significance of
reindeer grazing through a systematic review.
In Sweden especially, the recent re-evaluation of what reindeer grazing means for arctic and alpine
vegetation is another reason why it is imperative to examine the scientific support for today’s
prevailing opinions on this issue. The need to interpret and clarify the environmental quality objective
for the Swedish mountains also contributed to the decision to launch the present review.
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In this review, we use a systematic approach to synthesise available evidence on the impacts of
reindeer herbivory. Systematic reviews are designed to avoid bias and permit quantitative conclusions
by means of meta-analysis. The ultimate aim of this review is to facilitate evidence-based management
of reindeer grazing systems, with a particular focus on Fennoscandian conditions.
To the best of our knowledge, no systematic review of how reindeer grazing affects vegetation in
treeless areas has been performed earlier. Our review was designed to include studies from any arctic
or alpine region where reindeer are present, either as native or as introduced populations, provided
that the data are informative for Fennoscandian conditions (e.g. by referring to vegetation types
similar to those found in Fennoscandia). The review design was established in detail in an a priori
protocol [47]. It follows the guidelines for systematic reviews issued by the Collaboration for
Environmental Evidence [48].

Stakeholder involvement
This review was proposed by the Swedish Environmental Protection Agency. Prior to completion of the
review protocol, a meeting was arranged with stakeholders with an interest in reindeer husbandry and
environmental aspects of reindeer herbivory in Sweden [47]. Several suggestions made by the
stakeholders were adopted by the review team, e.g. that the review should not be restricted to impacts
on biodiversity but should consider other aspects of vegetation too, and that it should include
vegetation in subalpine birch forests as well as treeless mountain areas. We have thus covered studies
on treelines and on the forest-tundra ecotone, including subalpine birch forests but not coniferous
forests at lower elevations. Moreover, it was pointed out that overgrazing of reindeer pastures is a
questionable concept. Being perspective-driven, its definition tends to vary between stakeholders [49],
and no attempt to define or apply the concept of overgrazing has been made in this review.
Before submission, peer review, revision and final publication of the protocol, a draft version was open
for public review at the EviEM website in November 2012. Comments were received from about ten
stakeholders, most of them Swedish scientists or environmental managers.

The primary aim of this review is to clarify how grazing, browsing and trampling by reindeer (or
caribou) affect the vegetation of arctic, subarctic, alpine and subalpine areas, including the foresttundra ecotone. We would like to point out that an understanding of the reasons behind variations in
reindeer grazing pressure on vegetation is outside the scope of this review. Such an understanding
would, for instance, require analyses of the entire annual range of the grazing system, including the
use of winter pastures in the boreal forest, variations in reindeer management, historical land use,
external pressures from other land users, and political, legal, and societal drivers. This was not
possible to achieve within the time, resource, and data constraints of our review.
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Primary question: What are the impacts of reindeer/caribou (Rangifer tarandus L.) on arctic and
alpine vegetation?

Components of the primary question:
Subject (population): Vegetation (as a whole, or divided into major groups such as graminoids, forbs,
dwarf-shrubs, lichens, mosses etc.) in alpine/subalpine areas or arctic/subarctic tundra,
including the forest-tundra ecotone.
Exposure:

Herbivory (including grazing, browsing and trampling) by reindeer (or caribou).
Reindeer density (number of reindeer per unit area) is used as a quantification of
the intensity of herbivory.

Comparator: Lower (or no) herbivory by reindeer (or caribou).
Outcome:

Change of vegetation. Relevant aspects of vegetation include cover (abundance),
biomass, diversity (e.g. species richness), structure, composition (at both species and
functional group levels) and productivity.

Searches for literature

Searches for relevant literature have been made using online publication databases, search engines,
specialist websites and bibliographies of literature reviews. As far as possible, the search strings
specified below were applied throughout the searches using online databases, search engines and
specialist websites. In several cases, though, they had to be simplified as some sites can handle only a
very limited number of search terms or do not allow the use of ‘wildcards’ or Boolean operators.
Full details of the search strings used and the number of articles found at each stage of the search are
provided in Additional file 1.

Search terms
A scoping exercise identified the following search terms as being most closely related to the primary
question:
Exposure:

herbivory, graz*, brows*, trampl*

Agent:

reindeer, caribou, Rangifer
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The terms within each category (‘exposure’ and ‘agent’) were combined using the Boolean operator
‘OR’. The two categories were then combined using the Boolean operator ‘AND’. An asterisk (*)
indicates wildcard truncation.
Searches were also made for Swedish, Norwegian, Finnish and Russian counterparts of the above
terms. The following search strings were used:
English:

(herbivory OR graz* OR brows* OR trampl*) AND (reindeer OR caribou OR Rangifer)

Swedish:

renbet* OR ((herbivori OR bet* OR tramp*) AND (renar OR caribou OR Rangifer))

Norwegian:

reinbeit* OR renbeit* OR ((beit* OR gressing OR tramp*) AND (*rein OR *ren
OR reinsdyr OR rensdyr OR karibu OR caribou OR Rangifer))

Finnish:

(laidun* OR tallata OR talloa OR polkea) AND (poro OR Rangifer)

Russian:

(пастбище OR пастись OR выпасать OR выбирать OR высматривать
OR вытаптывать) AND (олень OR оленеводство)

No time, language or document type restrictions were applied.
In addition to the exposure and agent terms mentioned above, the following terms for ‘subject’ had
been tested during the scoping exercise:
vegetation, vascular, plant*, herb*, forb*, gramin*, lichen*, moss*, bryophyte*, flora,
shrub*, tree*, forage, tundra, alpine, subalpine, arctic, subarctic, heath*, pasture*,
rangeland*
However, it was found that searches using the exposure and agent terms alone were specific enough to
return a fully manageable amount of articles. Including the above subject terms would have restricted
the search and reduced the number of hits by a factor of about two. The subject terms were therefore
excluded – the loss of specificity was judged to be less important than the increase of sensitivity.

Publication databases
The search included the following online publication databases:
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)

Academic Search Premier
Agricola
Arctic & Antarctic Regions (EBSCOhost)
Arto (reference database of Finnish articles)
Biological Abstracts
BioOne
COPAC
Directory of Open-Access Journals
GEOBASE and GeoRef (Engineering Village)
IngentaConnect
JSTOR
Melinda (union catalogue of Finnish libraries)
Scopus
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14)
15)
16)
17)

SpringerLink
SwePub (academic publications at Swedish universities)
Web of Science
Wiley Online Library

To identify relevant literature in bibliographic databases, systematic reviews normally use searches in
titles, abstracts and keywords of the indexed publications [48]. To an increasing extent, however, such
databases now also allow searches in the full text of available articles. For the purpose of checking
whether full-text searching identifies relevant articles more efficiently and/or completely than
conventional searching, we made both kinds of searches in three of the databases (Academic Search
Premier, JSTOR and Scopus). The other fourteen databases were searched at title/abstract/keyword
level only.

Search engines
An Internet search was also performed using the following search engines:
Google (www.google.com)
Google Scholar (scholar.google.com)
Dogpile (www.dogpile.com)
Scirus (www.scirus.com)
In each case, the first 100 hits (based on relevance) were examined for appropriate data. Potentially
useful documents that had not already been found in publication databases were recorded.

Specialist websites
Websites of the specialist organisations listed below were searched for links or references to relevant
publications and data, including grey literature. Potentially useful documents that had not already
been found using publication databases or search engines were recorded.
Alaska Department of Natural Resources (dnr.alaska.gov)
Alberta Conservation Association (www.ab-conservation.com)
Alberta Reindeer Association (www.albertareindeer.com)
Arctic Centre (University of Lapland) (www.arcticcentre.org)
Arctic Council (www.arctic-council.org)
Bioforsk (www.bioforsk.no)
Bureau of Land Management, US Dept. of the Interior (www.blm.gov)
Conservation of Arctic Flora and Fauna (CAFF) (www.caff.is)
Environment Canada (www.ec.gc.ca)
European Commission Joint Research Centre (ec.europa.eu/dgs/jrc)
European Environment Agency (www.eea.europa.eu)
Finland's environmental administration (www.environment.fi)
Finnish Environment Institute (SYKE) (www.environment.fi)
Finnish Game and Fisheries Research Institute (www.rktl.fi)
Food and Agriculture Organization of the United Nations (www.fao.org)
Greenland Institute of Natural Resources (www.natur.gl)

10

GRID Arendal (www.grida.no)
International Centre for Reindeer Husbandry (icr.arcticportal.org)
International Union for Conservation of Nature (www.iucn.org)
Ministry of Natural Resources of the Russian Federation (www.mnr.gov.ru)
Natural Resources Canada (www.nrcan.gc.ca)
Nordic Council for Reindeer Husbandry Research (Rangifer journal) (site.uit.no/rangifer)
Nordic Council of Ministers (www.norden.org)
Northern Research Institute (NORUT) (www.norut.no)
Norwegian Directorate for Nature Management (www.dirnat.no)
Norwegian Institute for Nature Research (NINA) (www.nina.no)
Norwegian Polar Institute (www.npolar.no)
Norwegian Wild Reindeer Centre (www.villrein.no)
Reindeer Herders’ Association (www.paliskunnat.fi)
Reindeer Research Program, University of Alaska (reindeer.salrm.uaf.edu)
Reindriftsforvaltningen (www.reindrift.no)
Reinportalen (www.reinportalen.no)
Russian Guild of Ecologists (www.ecoguild.ru)
Russian Regional Environmental Centre (www.rusrec.ru)
Sámediggi (Finnish Sami Parliament) (www.samediggi.fi)
Sámediggi (Norwegian Sami Parliament) (www.sametinget.no)
Sámi Reindeer Herders' Association of Finland (www.beboedu.fi)
Sápmi (Sami Parliament in Sweden) (www.eng.samer.se)
Swedish Environmental Protection Agency (www.naturvardsverket.se)
Swedish University of Agricultural Sciences (SLU) (www.slu.se)
United Nations Environment Programme (www.unep.org)
United States Environmental Protection Agency (www.epa.gov)
United States Fish and Wildlife Service (www.fws.gov)
University of Alaska Anchorage (www.uaa.alaska.edu)

Other literature searches
Relevant literature was also searched for in bibliographies of literature reviews by Forbes & Kumpula
[28], Moen & Danell [39], Linkowski & Lennartsson [44] and Suominen & Olofsson [50]. Potentially
useful documents that had not already been found in online sources were recorded. A few more articles
were brought to our attention by stakeholders.

Search update
An update to the literature searches was made one year after the main searches. The update involved
searches for articles in English using a subset of the publication databases and search engines listed
above (see Additional file 1).
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Screening

Screening process
Articles found by searches in publication databases were evaluated for inclusion at two or three
successive levels. The literature identified by full-text searches in three databases was first assessed by
title by a single reviewer (CB). In cases of uncertainty, the reviewer chose inclusion rather than
exclusion.
The articles found to be relevant based on title were then combined with those identified by
title/abstract/keyword searches in the fourteen other publication databases. After removal of
duplicates, these articles were assessed by abstract, again by a single reviewer (CB) who in cases of
uncertainty tended towards inclusion.
A second reviewer (JS) assessed a subset consisting of 20% of the abstracts, and the agreement
between the two reviewers’ assessments was checked with a kappa test. The outcome, κ = 0.565,
indicated a ‘moderate’ agreement [51], but since the inconsistency had almost entirely been caused by
the main reviewer being more inclusive than the second one, it seemed safe to proceed with the
screening without modification or further specification of the inclusion/exclusion criteria.
Next, each article found to be relevant on the basis of abstract was judged for inclusion by a reviewer
studying the full text. This task was shared by all members of the review team. The articles were
randomly distributed within the team, but some redistribution was then made to avoid having
reviewers assess studies authored by themselves or written in an unfamiliar language. Studies found
by other means than database searches were also entered at this stage in the screening process.
Doubtful cases – articles that the reviewer could not include or exclude with certainty even after
having read the full text – were discussed and decided on by the entire team.
A list of all studies rejected on the basis of full-text assessment is provided in Additional file 2 together
with the reasons for exclusion. This file also contains a list of articles that we failed to find in full text.

Study inclusion criteria
Each study had to pass each of the following criteria in order to be included at any of the screening
stages:
• Relevant subject(s): Vegetation in alpine/subalpine areas or arctic/subarctic tundra, including the
forest-tundra ecotone. Reindeer may also occur in boreal coniferous forests, but studies of vegetation
in such regions were not included; nor were studies of reindeer herbivory on meadows formerly used
for cattle or sheep grazing.
• Relevant types of exposure: Grazing, browsing or trampling by reindeer. Modern reindeer
husbandry may also affect vegetation through disturbances caused by reindeer herders’ all-terrain
vehicles, but such impacts are not considered by this review.
• Relevant types of comparator: Lower or no grazing, browsing or trampling.
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• Relevant types of outcome: Change in cover, abundance, biomass, diversity (including species
richness), structure, composition or productivity of vegetation. Studies of single plant species and of
the soil seed bank were also included.
• Relevant types of study: Any primary field study comparing vegetation in areas and/or time periods
with different degrees of reindeer herbivory. Remote-sensing studies have been included, but not
simulation-modelling studies or field studies of simulated herbivory, since these do not represent
direct impacts of reindeer.
The review protocol indicated that manipulative studies as well as purely observational ones were to be
considered. However, while we have included experiments where fences were used to keep reindeer
out from certain areas, we have chosen to exclude studies involving artificial removal or
transplantation of vegetation, again in order to focus on effects of reindeer herbivory under natural
conditions. We have also excluded studies where differences in grazing pressure have been inferred
from vegetation properties, since such conclusions would introduce circular reasoning if used in this
review.
At screening on full text, the following inclusion criterion was also applied:
• Language: Full text written in English, Swedish, Norwegian, Danish, Finnish, German or Russian.

Potential effect modifiers and reasons for heterogeneity

The following potential effect modifiers were considered and recorded:
Latitude and longitude
Elevation
Annual mean temperature
Annual mean precipitation
Soil moisture (dry/mesic/wet)
Soil/bedrock type
Vegetation type
Reindeer subspecies involved
Seasonality of reindeer grazing
Domestication status of the reindeer
Presence and species identity of other herbivores
Control for small herbivores (using small-mesh exclosures)
History of herd (e.g. whether native or introduced)
Study design and experimental treatment
Study and intervention timescale and seasonality
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Study quality assessment
Articles that remained included after full-text screening were subject to critical appraisal as described
below. This appraisal was made by the four ecologists in the review team (KAB, BF, JM, JS) and
double-checked by the fifth member of the team (CB). Uncertain cases were discussed and decided on
by the entire team.
Before critical appraisal, the articles had been redistributed among the reviewers based on where the
studies had been carried out. All studies from a specific region were assessed by the same reviewer,
which made it easier to detect any redundancies between them.
Articles sorted under the categories listed below were considered to have high susceptibility to bias
and were therefore excluded from the review.
• Methodology inadequately described.
• Inappropriate comparator (comparison between different seasons, use of small-mesh exclosures
that prevented grazing by small mammals as well as reindeer, or comparator difficult to interpret for
the purposes of this review). Studies that compare grazing in different seasons have usually been made
in areas where summer and winter ranges are separated by a fence. Since the effects of grazing on bare
and snow-covered ground are entirely different, such a study design makes it difficult to judge which of
the two ranges that is more heavily grazed, even if reindeer densities are known in both of them.
• No replication at lowest level (no replication of exclosures or site comparators). Studies based on
comparison of so-called reindeer-herding districts or regions have not been excluded, however, even
though study units representing such a district may be seen as pseudoreplicates in a strict statistical
sense. Since the study units represent different geographical contexts within the district and thus also
differ in terms of biology and reindeer impact, the interpretation of them as pseudoreplicates is not
justified in an ecological sense.
• No data on variability.
• Vegetation data difficult to interpret (such as when methods used to assess vegetation have differed
between sites or sampling seasons).
• Reindeer data difficult to interpret (such as when conclusions on the presence of reindeer have
been based on weak and circumstantial evidence).
Since checks for redundancy were made during critical appraisal, this was added as a cause for
exclusion, although it is not strictly a quality criterion:
• Primary data redundant (data also published elsewhere).
In accordance with the review protocol, notes were also made on certain other quality aspects (such as
whether plot locations were randomised and well-matched or not), but since these aspects were
considered less important than those listed above, they were not chosen as exclusion criteria. The
duration of exposure differences (i.e. how long differences of grazing pressure had been maintained)
was recorded too, but it was handled as a potential effect modifier rather than a measure of study
quality.
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According to the review protocol, studies were to be categorised as having high, medium, or low
susceptibility to bias based on the critical appraisal. However, since we adopted fairly strict exclusion
criteria, there seemed to be no need for a further quality grading of studies that fulfilled quality
standards well enough to remain included.
A list of the studies that were rejected due to high susceptibility to bias is provided in Additional file 2
together with the reasons for exclusion.

Data extraction strategy
Outcome means and measures of variation (standard deviation, standard error, confidence intervals)
have been extracted from tables and graphs in the included articles, using image analysis software
when necessary (software used included Graphclick for Mac, http://www.arizona-software.ch/
graphclick/, and WebPlotDigitizer, http://arohatgi.info/WebPlotDigitizer/). Data were extracted not
only on major functional or taxonomic groups of vegetation and on vegetation as a whole, but also on
individual species and genera whenever such information was available.
Most studies in this field compare vegetation in areas that for a long time have been subject to
different levels of reindeer herbivory, or vegetation inside and outside areas that have been fenced to
exclude reindeer. Thus, they are usually ‘CI’ (Comparator/Intervention) studies describing effects of
reindeer herbivory relative to a control site. Other studies have a ‘BA’ (Before/After) design – they
present data on vegetation before and after reindeer exclusion or over a period when herbivory has
changed. A few studies combine these two approaches in ‘BACI’
(Before/After/Comparator/Intervention) designs, where site control and intervention comparisons are
made both before and after herbivory has changed.
Where time-series of data were available, we only extracted the most recent results (plus preintervention data from BA and BACI studies). Similarly, we only extracted data from sites under high
and low grazing pressure even if data from sites under intermediate pressure were also available.
In a few cases, study authors have been asked to supply vegetation data in digital format. This was
done where useful data had been published in graphs from which they were difficult to extract
accurately enough, or when it was known or assumed that considerable amounts of relevant but
unpublished data could be available in addition to the published results. In cases where raw data were
received, summary statistics have been calculated by us. This has e.g. enabled us to consider data on
the diversity of vegetation even from studies where the published outcomes only include biomass or
abundance.
Data on potential effect modifiers and other metadata were extracted from the included articles
whenever available, but climatic data were downloaded from the WorldClim database [52].
Data on reindeer densities are often incomplete or entirely absent in studies of the effects of reindeer
grazing. Many of these studies simply describe sampling sites as being subject to ‘grazing’ or ‘no (or
lighter) grazing’. Some authors have actually estimated local reindeer densities, using counts of
animals, trampling indicators or counts of reindeer droppings, but the two latter types of data cannot
readily be transformed to reindeer numbers per unit area.
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In the absence of reliable local information, therefore, we have used data on average reindeer densities
at a regional level (e.g. mean densities in entire reindeer-herding districts). Where such data were not
provided by study authors, we have calculated them ourselves for the appropriate time periods using
herd sizes and range sizes retrieved from external sources, such as Reindriftsforvaltningen (the
Norwegian reindeer herding administration) and Svensk-norska renbeteskommissionen (the SwedishNorwegian commission on reindeer pastures). We are well aware that these data must be used and
interpreted with care, since herding districts may cover thousands of square kilometres and a study
site may be far from representative of average conditions in the district where it is located.
The extraction of data was carried out by the four ecologists in the review team and then doublechecked by the fifth team member. Each pair of BA or CI outcomes (and each quadruple of BACI
outcomes) was recorded in a separate row of an Excel spreadsheet together with data on reindeer
densities and all appropriate metadata, including data on effect modifiers.

Data synthesis and presentation
The impacts of reindeer exposure on vegetation were analysed using meta-analytical approaches.
Meta-analyses were carried out using the metafor package [53] within the R environment v. 3.0.2 [54].
Standardised mean difference (SMD) effect sizes were derived for all responses using Hedges’ g
statistic. The effect sizes were calculated as the difference between the mean response at high exposure
to reindeer and the mean response at low exposure to reindeer divided by the pooled standard
deviation. Positive effect sizes thus indicate that the response parameter was higher at high reindeer
exposure than at low exposure.
We calculated summary effect sizes by using random effects models. Models were developed for the
main groups of vegetation (lichens, bryophytes, forbs/herbs, graminoids and woody plants) and the
most common aspects of vegetation assessed (cover, abundance, biomass, height and productivity) as
well as for bare-ground cover and species richness of vascular and non-vascular plants. Where
applicable, subgroup models were developed for further vegetation groups within each of the main
groups (e.g. for deciduous and evergreen shrubs). Heterogeneity was estimated by the Hedges’
method, and data are presented in forest plots showing mean effect sizes and 95% confidence
intervals. Models were weighted by the inverse of the variance.
We used univariate mixed effects models in order to test whether the impact of reindeer exposure on
vegetation varied with reindeer density, vegetation cover or mean annual temperature. The
independent variables were fitted as modifiers in the meta-analytical models. Four separate measures
of reindeer density were used: (1) the high-exposure reindeer density, (2) the absolute difference in
reindeer density between high and low exposures, (3) the relative difference in reindeer density (100 ×
[high density – low density] / high density) and (4) the accumulated exposure difference estimated as
the absolute difference in reindeer density multiplied by the duration of the exposure difference. We
investigated whether the impact of reindeer exposure varied with the cover of lichens and bare ground
only, as there was not enough data to do this for other vegetation groups. Lichen and bare-ground
cover effect sizes were fitted against the average cover of lichens and bare ground (meaning that the
standardised mean difference in lichen cover was used as the dependent variable and the average
lichen cover across both exposures as the independent variable).
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Review descriptive statistics
Searches, screening and quality assessment
The main searches for literature were conducted between 19 October and 8 December 2012, and an
update was made on 2 November 2013.
Full-text searches with English search terms in three publication databases (Academic Search Premier,
JSTOR and Scopus) returned a total of 8,039 articles (6,638 after removal of duplicates). After title
screening of these articles, 618 of them remained. Searches based on title/abstract/keywords in
fourteen other databases returned a total of 1,323 articles (772 after removal of duplicates). Removal of
the overlap between the outcomes of the two different search approaches left a total of 1,197 unique
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publications. After screening based on the abstracts of these articles, 376 of them remained. About two
thirds of the exclusions were due to absence of relevant vegetation data.
Searches using search engines returned 9 potentially relevant articles (8 found with English search
terms, 1 with Norwegian ones) in addition to those that already had been identified. Similarly, searches
on specialist websites located another 9 potentially useful publications (7 were found using English
search terms and 2 using Norwegian ones). An additional 15 potentially relevant articles were found in
bibliographies of literature reviews, while 6 more were added following contacts with stakeholders.
This resulted in a total of 415 articles to be screened on a full-text basis. After screening, 96 of them
were still included. At this stage, the most common reasons for exclusion were that studies dealt with
other aspects of reindeer than their herbivory, that no relevant vegetation data were reported, or that
no primary observational data were presented at all. In 28 cases, publications had to be excluded
because they were not found in full text.
When the search was updated in 2013, 6 new potentially relevant articles were found, 4 of which were
included after screening on full text.
Finally, quality assessment was made of the 100 articles that had passed the screening process, and 60
of them were then excluded. Common reasons for exclusion were inadequate methodological
descriptions, and vegetation or reindeer data that were difficult to interpret. In 12 cases, articles were
excluded since they reported data that could also be found elsewhere.
The 40 finally included articles are listed in Table 1. Since one of them (van der Wal & Brooker [17])
reports on three different studies, two of which were found to be useful in this review, the total number
of included studies is 41. See Figure 2 and Additional file 3 for further details on search results and
outcomes of the screening process and quality assessment.
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Sources of included articles
Nearly all of the 40 articles included in this review were found in publication databases. Of the 39
included publications that had been identified during the main searches in late 2012, 37 were returned
by at least one of the databases searched (see Additional file 4).
The three publication databases where full-text searches had been made were also searched based on
title/abstract/keywords. Of the 37 included articles found in 2012, 34 were retrieved by at least one of
the full-text searches, whereas 33 were found by at least one of the searches on title/abstract/keywords
in the same three databases. The single included study caught by the former searches but not by the
latter ones was a remote-sensing analysis of vegetation in reindeer-herding districts [55] where
‘grazing’ was mentioned in the full text but not in the abstract. In general, the articles found by full-text
searches but not by title/abstract/keywords searches had little or no relevance to the topic of this
review. Since the full-text searches required about a week of extra work, mainly spent screening more
than 6,000 titles and some 400 abstracts, we conclude in retrospect that this effort did not pay off well
enough to be justified.
The two included publications that had not been retrieved from any of the databases, Gaare et al. [56]
and Jandt et al. [57], were found at specialist websites belonging to the Norwegian Institute for Nature
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Research and the Bureau of Land Management of the US Dept. of the Interior, respectively. The report
by Gaare et al. [56] is the only included one that is written in a non-English language (Norwegian), and
even this one was found using English search terms.
The searches that used non-English search strings returned very few potentially relevant publications
that had not already been identified by other means. A total of about 30 articles in Swedish, Danish,
Norwegian or Finnish were considered during the initial stages of this review, but a majority of them
had been found in review bibliographies or through searches with English search terms, and none of
them made it through both full-text screening and critical appraisal, with the one exception mentioned
above.
While the articles screened on full text included several publications dating from the 1980s or earlier, a
large share of the older articles were excluded during this stage of screening or during critical appraisal
(see Figure 3). All but two of the 40 articles finally included were published in 2000 or later.
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Overall characteristics of included studies
Although the searching and screening processes involved no geographical limitations, 25 of the 41
included studies were conducted in Fennoscandia (see Figures 4, 5 and 6). The other ones were carried
out in Svalbard, Greenland, Canada, Alaska or Russia. Most of the studies (31 of them) were conducted
in treeless terrain such as tundra or alpine areas, but 2 studies were carried out in subalpine birch
forests, and 8 studies reported data from both treeless areas and birch forests.
As a consequence of the uneven geographic distribution of the studies, the majority (26 of them) dealt
with herbivory by native Eurasian reindeer (Rangifer tarandus tarandus), either semi-domesticated
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or wild. The North American studies were all concerned with wild caribou (R. t. caribou or R. t.
groenlandicus). The reindeer on Svalbard (R. t. platyrhynchus) are wild and native to the archipelago,
but one of the studies conducted there (Hansen et al. [58]) was made on the Brøggerhalvøya
peninsula, where Svalbard reindeer were reintroduced in 1978 after a century of absence.
About half of the studies (21 of them) were made in areas where reindeer herbivory mainly took place
during summer, whereas winter grazing was the subject of 5 studies. In 13 cases, reindeer were present
during several seasons or throughout the whole year. Note that the winter grazing considered in this
review was confined to treeless areas and birch forests, as studies in coniferous forests were outside
our scope.
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Of the 41 included studies, 30 had a CI design, based on sampling inside and outside reindeer
exclosures, in districts with different reindeer densities, or at various distances from a border fence.
BA design had been applied in 6 studies, 2 of which were based on remote sensing. The remaining 5
studies had a BACI design based on sampling inside and outside exclosures. See Figure 6 and
Additional file 5 for further details on the characteristics of included studies.
Quantitative data have been extracted from 35 of the 41 included studies. These data consist of a total
of 2,143 pairs of BA or CI outcomes (or quadruples of BACI outcomes). Almost three quarters of these
outcomes (1,595 of them) originate from four of the studies [20, 21, 59, 60] and have been supplied as
raw data. Most of the extracted outcomes are comparisons of the cover (762 cases), abundance (668
cases), biomass (271 cases), Shannon or Simpson diversity (242 cases), or species richness (137 cases)
of a group or species of vegetation that had been exposed to different levels of reindeer herbivory. See
Table 2 for an overview of the most frequently covered groups and species.
Nearly 80% of the extracted data refer to single species rather than functional or taxonomic groups of
vegetation, but an individual species was rarely covered by more than 1-3 of the included studies. For
that reason, we eventually decided not to analyse single-species data in this review. Instead, we have
focused on the 455 comparisons of vegetational groups that were available.

Narrative synthesis
We begin with a narrative synthesis in order to provide context and background for the quantitative
meta-analyses that follow. An overview of the included studies can be found in Table A in Additional
file 5, with Table B in the same file providing data on the sites or regions where the studies were
carried out. The tables are subdivided based on the geographic distribution of the studies.
One of the columns in Table A summarises the effects of reindeer herbivory as reported by the
respective authors of the studies. The results often show divergent responses of the vegetation. For
instance, Olofsson et al. [18] found increased graminoid cover with increased herbivory at two sites
but a non-significant response at two other sites. Similarly, Ravolainen et al. [61] found a negative
response of forb biomass at one site and a non-significant response at another site. Responses also
varied between studies. For instance, Zamin & Grogan [62] showed positive effects on species richness
of vascular plants, while Olofsson & Oksanen [46], Kitti et al. [63] and Olofsson [64] all showed nonsignificant effects.
In Finnmark, northern Norway, an interesting remote-sensing study was done on the recovery of
lichen-dominated vegetation after a decline in reindeer densities [43]. In the 1980s, the reindeer
populations had more than doubled in the area [55]. This caused a strong decline in lichen cover over a
large area (> 15,000 km2); average lichen cover in five herding districts in the area changed from 25%
in 1973 to 1.6% in 2000 as estimated through remote sensing [55]. Beginning around 1990, the
reindeer populations were reduced [39], and Tømmervik et al. [43] showed that the recovery of the
lichen cover was very rapid. Cover increased 8.6-fold from 1998 to 2005, and the increase was faster
on leeward ridges than on exposed ones. The increase rate was inversely related to changes in reindeer
densities, and positively related to mean summer precipitation. The authors conclude that the rapid
transition from barren ground to a flourishing lichen-dominated vegetation suggests that vegetation
degradation by grazing and trampling is reversible [43].
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Quantitative synthesis/Meta-analysis

We have performed quantitative syntheses (meta-analyses) of data extracted from 31 of the 41
included studies. Some of the 10 studies that appear in the narrative synthesis (Additional file 5) but
not in the quantitative one have only reported on responses of single species, or on species
aggregations that were not, or were poorly, replicated in other studies, such as the data on leaf area
index in Cahoon et al. [65] or seed bank density in Gonzales et al. [66]. There were also a few studies
that could not be used in meta-analysis since lack of information on outcome deviances or sample sizes
made it impossible to calculate effect sizes.
Like the narrative synthesis, the meta-analyses unraveled a great divergence among responses to
reindeer exposure (data on a total of eight vegetation categories, such as lichens, graminoids, etc., are
presented in Figures 7 and 8 and Additional files 6 and 7). Both significantly positive and significantly
negative average responses could be found in all vegetation categories that were considered. However,
most studies had large confidence intervals that included zero effect size. Overall responses (average
standardised mean differences of all cover, abundance and biomass data combined) were small.
Despite the divergence between studies, the overall response to reindeer exposure was significantly
negative for herbs/forbs and lichens. Vascular species richness also responded negatively to an
increased grazing pressure.
Funnel plots were created to visually check for systematic heterogeneity and publication bias in the
data set. No publication bias was detected.

Effects on growth forms and bare ground
For herbs/forbs, the overall response to reindeer exposure, including all vegetation categories and
aspects (cover, biomass and abundance), was significantly negative with a standardised mean
difference (SMD) of –0.28 (CI: –0.48, –0.09). However, responses of individual plant aspects were
not significantly different from zero. Some studies show a high variation of effects. For instance, the
study by Bråthen et al. [20] showed both significant decreases and increases of forb abundances in
different pairwise comparisons between herding districts (mean effect size ranging from –1.01 to
0.43).
For graminoids, the overall response was close to zero, although grass abundance showed a significant
negative overall effect with a standardised mean difference of –0.25 (CI: –0.46, –0.03). For this group
too, responses varied within and between studies, vegetation categories and aspects. For instance,
Bråthen et al. [20] and Tømmervik et al. [43] found significant negative effects in some districts (mean
effect size ranging from –1.73 to –0.51), while Olofsson et al. [18], Jandt et al. [57] and Post &
Pedersen [67] found significant positive effects elsewhere (mean effect size ranging from 1.54 to 3.85).
Woody plants showed a non-significant overall response to reindeer exposure. Again, however,
responses varied within and between studies, with some individual comparisons showing significant
negative responses and others significant positive responses.
Lichens showed a significant negative overall response (SMD: –1.14, CI: –2.03, –0.25)). However,
even for this group, which is well known to respond negatively to grazing and trampling, abundance
showed a non-significant but positive response to reindeer exposure (SMD: 0.34, CI: –0.45, 1.12).
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Bryophytes showed no overall response to reindeer herbivory, while the cover of bare ground showed
an overall (non-significant) tendency to increase (SMD: 0.27, CI: –0.06, 0.59).

Effects in relation to reindeer densities
We used weighted meta-regressions of effect sizes against four different ways of measuring
intervention strength (grazing pressure) to see if they explained some of the divergence in the results.
As measures of grazing pressure, we used the reindeer density in the high-exposure treatment, the
absolute and relative differences between high and low densities, and the product of absolute density
difference and duration of exposure difference (i.e. duration of the experiment). The latter measure
can be seen as the difference in number of ‘reindeer years’. None of the measures of grazing pressure
showed any significant relationship with any of the effect sizes that we had calculated, suggesting
either that the reindeer densities were too coarsely estimated, or that reindeer density is contextdependent. We illustrate the lack of pattern with meta-regressions for lichens (all aspects combined)
and cover of bare ground (see Additional file 8).
However, when differences of lichen cover are plotted against reindeer densities, it becomes clear that
the largest differences occurred at sites where lichen cover was highest (these are also the sites with
the lowest reindeer densities; see Figure 9, left). Differences of bare-ground cover in response to
reindeer exposure also only occurred at sites where reindeer densities were low (see Figure 9, right).
Indeed, the effect of reindeer on lichen cover was negatively related to average lichen cover, whilst the
effect of reindeer on bare-ground cover was positively related to average bare-ground cover (Figure
10). Sites with high reindeer densities already had very low lichen cover (perhaps as a result of grazing
or trampling before the studies began) as well as a higher cover of bare ground, and did not respond to
the exposure differences during the study period. This shows that the composition of the vegetation is
very important in determining the effects of herbivory.
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Effects on diversity
Vascular plant species richness showed a significant negative overall response to reindeer exposure
(Figure 10 and Additional file 7; SMD: –0.15, CI: –0.25, –0.06), but there were no relationships with
any of the measures of reindeer densities (see Additional file 8). However, when exploring the
diverging responses (ranging from significantly positive to significantly negative), we found them to be
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significantly related to mean annual temperature (Figure 11; est=0.138, p=0.001), suggesting that
reindeer exposure tends to increase richness at warmer (more productive) sites and decrease richness
at colder (less productive) sites.

Non-vascular cryptogam species richness also showed a negative overall response, but this was not
significant (Figure 10 and Additional file 7; SMD: –0.35, CI: –1.02, 0.31), and we found no relationship
to reindeer exposure or temperature.

Stratification by other variables (effect modifiers)
We tested the effects of the most commonly reported effect modifiers on cover, since that was the
aspect of vegetation most frequently represented in our data set. There was not enough data on other
combinations of effect modifiers, aspects, and vegetation types to analyse them in a meaningful
manner. The clearest differences were related to domestication – wild reindeer tended to have
stronger impacts than semi-domesticated ones. For instance, wild reindeer had a negative effect on
lichen cover (SMD: –3.85, CI: –7.17, –0.53; 5 studies), while semi-domesticated reindeer had strongly
varying effects ranging from negative to positive, giving a mean effect size of zero (CI: –0.10, 0.11).
Wild reindeer had a positive effect on the cover of graminoids (SMD: 0.74, CI: 0.30, 1.18), while semidomesticed reindeer had a negative effect (SMD: –0.28, CI: –0.51, –0.05).
We also tested effects of soil moisture (dry, mesic, wet), habitat type (tundra, forest-tundra ecotone,
birch forest), seasonality of grazing (summer-autumn-winter), and exposure type (fencing, exclosures,
area comparisons, etc.) on the cover of various groups of vegetation, but no patterns emerged.
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Overall we found large variations in the effects of reindeer on vegetation, and outcomes seem difficult
to predict. However, we did identify a few patterns. 1) We did not find strong evidence that reduction
of shrubs by reindeer is a general phenomenon. 2) The overall effect of reindeer on graminoids was
neutral, indicating that this supposedly grazing-tolerant growth form is not always promoted by
reindeer grazing. 3) We found a reduction of forbs, despite the typically low abundance of this growth
form. This indicates that forbs are both highly selected by reindeer and vulnerable. They may be an
important indicator group of vascular plants. 4) We were able to corroborate the many studies
showing that lichens are vulnerable to reindeer activities. 5) Bryophytes were not vulnerable to
reindeer exposure.
In conclusion, the effect of reindeer grazing on arctic-alpine vegetation appears to be contextdependent. What, then, could cause this context dependence, i.e. what can explain the heterogeneity of
our results?

Reasons for heterogeneity

The distribution of reindeer encompasses large environmental gradients, ranging from low-productive
to highly productive sites, from dry to wet environments and from forests to high alpine tundra, with
an entire vegetation mosaic being present within these gradients. All different vegetation types that
occur here cannot be expected to respond in the same way to grazing and trampling. For instance,
Proulx & Mazumder [68] showed that species richness tended to decline under grazing at lowproductive sites, but increase at more productive sites. This is mirrored in our study, where vascularplant species richness was found to be related to mean temperature. Further, the studies included in
our analysis ranged from dry ridge vegetation to riparian herb meadows and mesic birch forests, with
many different plant communities occurring within those vegetation types. Unfortunately, there was
not enough replication at this scale, nor enough consistency in the presentation of plant communities,
to analyse grazing effects for each community type.
Seasonality in grazing may also affect the results, especially if grazing in snow-covered terrain is
included. However, only about 4% of the data that we extracted concerned winter grazing, and most of
these data were not used in the meta-analyses since they referred to responses of single species. It is
thus unlikely that differences in seasonal grazing can explain the heterogeneity we found.
Variations in management systems may be another reason for heterogeneity. Our dataset encompasses
impacts of both wild and semi-domesticated reindeer, but with a strong bias towards semidomesticated herds (>90% of the extracted data). However, management systems were confounded
with the initial vegetation state; for instance, wild reindeer tended to occur in areas with high lichen
cover, which precluded us from testing their influence on the outcomes. Even among semidomesticated herds, management systems vary considerably. Reindeer husbandry operates under
many different drivers, forms of legislation, market situations and historical legacies within and
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between different countries. Grazing pressure may thus vary strongly between different herding
districts and systems.
It has been suggested that reindeer have relatively small and subtle overall effects on vegetation in
summer grounds. Estimates of biomass removal vary from 0.6% to 2% of net primary productivity,
and such levels are unlikely to cause large changes in the vegetation [e.g. 1]. The reasons for the low
overall effects could include a decoupling of population dynamics and food resources in the more
forage-abundant season [1, 69]. Reindeer numbers are generally determined by winter resources, and
the summer resources constitute a pulse of plant biomass growth that the reindeer populations cannot
fully respond to. However, reindeer do not use the landscape randomly, and grazing pressure may be
much higher than average in preferred sites and vegetation types. For instance, Bråthen & Oksanen
[70] estimated a forage removal of preferred plants of the order of 60%.
Heterogeneity is also likely due to the fact that woody plants, often comprising the dominant species in
dwarf-shrub tundra [5] and being a characteristic component of reindeer ranges, have highly
differential qualities. Ranging from evergreen, allelopathic species such as Empetrum nigrum to
deciduous ericoids, Betula nana and species of Salix, the woody plants can be sorted in categories of
palatability to reindeer, and hence they are likely to be differentially affected by reindeer herbivory.
Exceptions may occur close to fences or in corrals, where reindeer densities are locally increased and
where trampling may even have an impact on Empetrum [18, 46].

Review limitations
Most of the meta-analyses that we conducted are based on a limited number of studies, and they are
heavily influenced by a few large-scale investigations (especially Olofsson et al. [18, 23], Bråthen et al.
[20], Eriksson et al. [59] and Ravolainen et al. [21, 61]), mostly conducted in northern Norway and
Sweden. This, together with the lack of a common research protocol (researchers have measured
several aspects of vegetation in dissimilar ways), makes it difficult to summarise results across all
studies included in our systematic review. For instance, we found data on 16 different types of species
groupings among woody plants (including e.g. non-forage shrubs and deciduous ericoids). When
combined with different methods of measuring vegetation (abundance, cover, and biomass), this
resulted in 23 different subgroups in the meta-analysis. These kinds of study-specific subgroupings
and methodologies limit our ability to disentangle under what circumstances reindeer have positive,
neutral or negative effects on various aspects of vegetation. This is not a trivial problem, since there are
also large environmental and social gradients that need to be addressed.
The studies included in our review are fairly recent (mostly dating from 2000 or later). We have very
little data from extended experiments based on true replication that could help us to examine the longterm effects of reindeer herbivory. The included studies are also limited both geographically and in
terms of vegetation types, and thus not representative of the distribution of reindeer. Most of the data
come from tundra sites, and the database is weak on effects on treelines and subalpine forests.
Most of the studies have merely categorised reindeer densities or grazing pressures at treatment and
control sites as high or low, without attempting to quantify them further. However, as Bråthen et al.
[20] show, what is regarded as high in one area can be regarded as low in another, making
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comparisons difficult. In cases where authors have not reported any data on reindeer densities, we
have tried to recalculate them from official population records for entire herding districts. Such data
are well correlated with indices of grazing pressure in herding districts in Finnmark [20, 21], but much
less so in the herding districts in Sweden. In fact, this lack of correlation in Sweden was the basis for
the Moen et al. study [60], where detailed pellet counts within one herding district were used to
distinguish areas with different grazing pressures. As shown in that study, vegetation responses to
grazing may vary even within the same district and vegetation type, depending on the actual landscape
use of the reindeer. Our estimates of reindeer densities are thus very coarse and possibly misleading.

Implication for policy/management

While our review has gathered a large body of research into vegetation responses to reindeer grazing,
we still have to conclude that the evidence base is too weak and scattered to inform policy or
management in a detailed way. Some of the reasons for this are small sample sizes, short duration of
experiments, limited geographic distribution of studies, difficulties in determining reindeer population
densities, and a lack of common research protocols. The included studies are not standardised and
representative enough that they can be used as a basis for specific recommendations regarding
reindeer ranges in Sweden, nor in the circumpolar region as a whole.
However, an important point that we can make is that vegetation responses to reindeer grazing are
context-dependent. For instance, the differential effects of reindeer on vegetation found in this review
are most likely due to the variation of vegetation types and dominant growth forms, productivity, and
grazing history, just to mention a few important factors. This suggests that there is no panacea that can
cover all combinations of factors. Policy and management have to go hand-in-hand with research in
individual cases if the dynamics between plants, animals, and humans are to be sufficiently
understood.

Implication for research and monitoring
It is unlikely that further research will be able to improve the evidence base much unless a more
rigorous research protocol, specifically aimed at the questions raised in this review, becomes generally
accepted and implemented. We provide some suggestions for achieving this:


Adopt a standardised way of aggregating plant species into growth forms and/or functional
groups.



Agree on the aspects of vegetation (biomass, abundance or cover) that should have priority.



Adopt common measures of vegetation.
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Develop common measures of reindeer densities and grazing/browsing and trampling
pressures.



Implement the protocol in monitoring programs as well as in specific research programs.



Be very clear in the methods section of an article on how the experiment has been done, and
include more information in table and figure captions (such as the number of replicates that
the means are based on, and the type of variation that is shown).



Deposit raw data in public data repositories.



Include some measure of plant productivity.



Include some measure of plant palatability and plant nutrition status.



If possible, adopt a gradient approach to investigate variations in responses.



External factors, such as the history of land use and reindeer husbandry, should be carefully
documented for each study site.
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16 Nov. 2012
16 Nov. 2012
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(reindeer OR caribou OR Rangifer) (herbivory OR graze OR grazed OR grazing OR browse OR
browsing OR trample OR trampled OR trampling)
reindeer, caribou, Rangifer
Publications catalogue searched

Ministry of Natural Resources of the Russian
Federation
Natural Resources Canada

16 Nov. 2012

Specialist websites (both general search functions
and publication search facilities used, if available)

16 Nov. 2012

0

reindeer, caribou, Rangifer

100 most relevant hits checked (total no. 13,100,000)
100 most relevant hits checked (total no. 37,800)

Separate search for each search term
No search facilities

Separate search for each search term

Separate search for each search term
Publication search function did not work
Multiple searches equivalent to the search string at
left
Publications search
Separate search for each search term
Separate search for each search term

Search function unable to handle English search
terms?
Separate search for each search term

Specialist websites (continued)

Date

Search string

Comments

Nordic Council for Reindeer Husbandry Research
(Rangifer journal)
Nordic Council of Ministers
Northern Research Institute (NORUT), Norway
Norwegian Directorate for Nature Management

16 Nov. 2012

No. of potentially
relevant studies not
already found using
databases or search
engines
0

17 Nov. 2012
17 Nov. 2012
16 Nov. 2012

0
1
0

reindeer, caribou, Rangifer
reindeer, caribou, Rangifer
reindeer, caribou, Rangifer

Separate search for each search term
Separate search for each search term
Separate search for each search term

Norwegian Institute for Nature Research (NINA)

16 Nov. 2012

2

reindeer, caribou, Rangifer

Separate search for each search term

Norwegian Polar Institute
Norwegian Wild Reindeer Centre
Reindeer Herders’ Association, Finland
Reindeer Research Program, University of Alaska

18 Nov. 2012
17 Nov. 2012
17 Nov. 2012
16 Nov. 2012

0
0

reindeer, caribou, Rangifer
grazing, browsing, trampling, herbivory

0

grazing, vegetation

Separate search for each search term
Separate search for each search term
No search facilities
Separate search for each search term

Reindriftsforvaltningen, Norway
Reinportalen, Norway
Russian Guild of Ecologists
Russian Regional Environmental Centre
Sámediggi (Finnish Sami Parliament)
Sámediggi (Norwegian Sami Parliament)
Sámi Reindeer Herders' Association of Finland

18 Nov. 2012
18 Nov. 2012
17 Nov. 2012
17 Nov. 2012
16 Nov. 2012
18 Nov. 2012
17 Nov. 2012

0

reindeer, Rangifer

0
0

reindeer, caribou, Rangifer
reindeer, caribou, Rangifer

Sápmi (Sami Parliament in Sweden)
Swedish Environmental Protection Agency
Swedish University of Agricultural Sciences (SLU)

16 Nov. 2012
17 Nov. 2012
17 Nov. 2012

0
1
1

(reindeer OR caribou OR Rangifer) AND (herbivory OR graz* OR brows* OR trampl*)
(reindeer OR caribou OR Rangifer) (graz* OR brows* OR trampl* OR herbivory)
(reindeer OR caribou OR Rangifer) (herbivory OR graz* OR browse* OR trampl*)

United Nations Environment Programme

17 Nov. 2012

0

United States Environmental Protection Agency

17 Nov. 2012

0

United States Fish and Wildlife Service

18 Nov. 2012

0

University of Alaska Anchorage

18 Nov. 2012

0

(reindeer OR caribou OR Rangifer) (graze OR grazed OR grazing OR browse OR browsed OR
browsing OR trample OR trampled OR trampling OR herbivory)
(reindeer OR caribou OR Rangifer) (graze OR grazed OR grazing OR browse OR browsed OR
browsing OR trample OR trampled OR trampling OR herbivory)
(reindeer OR caribou OR Rangifer) (graze OR grazed OR grazing OR browse OR browsed OR
browsing OR trample OR trampled OR trampling OR herbivory)
(reindeer OR caribou OR Rangifer) (graze OR grazed OR grazing OR browse OR browsed OR
browsing OR trample OR trampled OR trampling OR herbivory)

graz* OR brows* OR trampl* OR herbivory

No information in English
Separate search for each search term
No information in English
Separate search for each search term
Separate search for each search term
No information in English
No search facilities, little information

100 most relevant hits checked

Searches for literature in Norwegian
Search engines

Date

No. of potentially
relevant studies not
already found in
other sources

Dogpile
Google

8 Dec. 2012
8 Dec. 2012

0
1

Google Scholar

8 Dec. 2012

0

Search string

Comments

reinbeite OR renbeite
reinbeite OR renbeite OR ((beite OR gressing OR tramp) (rein OR ren OR reinsdyr OR rensdyr 100 most relevant hits checked (total no. 143,000)
OR karibu OR caribou OR Rangifer))
reinbeite OR renbeite OR ((beite OR gressing) (rein OR ren OR reinsdyr OR rensdyr OR karibu 100 most relevant hits checked (total no. 7,820)
OR caribou OR Rangifer))

Scirus
Specialist websites

8 Dec. 2012
Date

0
No. of potentially
relevant studies not
already found in
other sources

reinbeit* OR renbeit* OR (beit* (reinsdyr OR rensdyr OR villrein OR tamrein))
Search string

100 most relevant hits checked (total no. 2,557)
Comments

Bioforsk
Nordic Council for Reindeer Husbandry Research
(Rangifer journal)
Northern Research Institute (NORUT)
Norwegian Directorate for Nature Management

8 Dec. 2012
8 Dec. 2012

0
0

reinbeite, reinsdyr, tamrein, villrein
reinbeite, renbeite, beite, gressing

Separate search for each search term
Separate search for each search term

8 Dec. 2012
8 Dec. 2012

0
1

Separate search for each search term

Norwegian Institute for Nature Research (NINA)

8 Dec. 2012

0

reinbeit*, renbeit*, beit*, reinsdyr, rensdyr, villrein, tamrein
reinbeit* OR renbeit* OR ((beit* OR gressing OR tramp*) AND (reinsdyr OR rensdyr OR
villrein OR tamrein OR Rangifer))
reinbeite, beite, reinsdyr, villrein, tamrein

Norwegian Polar Institute
Norwegian Wild Reindeer Centre
Reindriftsforvaltningen
Reinportalen
Sámediggi

8 Dec. 2012
8 Dec. 2012
8 Dec. 2012
8 Dec. 2012
8 Dec. 2012

1
0
0
0
0

reinbeite, renbeite, beite, reinsdyr, svalbardrein, villrein, tamrein
reinbeite, beite
reinbeite
reinbeite, renbeite
reinbeite, beite, reinsdyr, tamrein

Separate search for each search term
Separate search for each search term

Search string

Comments

renbete OR ((herbivori OR bete OR betad OR betat OR betade OR tramp) AND (renar OR
caribou OR Rangifer))
renbete, renar, Rangifer

Multiple searches equivalent to the search string at
left
Separate search for each search term

Search string

Comments

Publication search; separate search for each search
term
Separate search for each search term
Separate search for each search term

Six articles in Norwegian (mostly reviews) added
as a result of contacts with stakeholders

Searches for literature in Swedish
Publication databases

Date

No. of potentially Type of search
relevant studies not
already found in
other sources

Directory of Open‐Access Journals (DOAJ)

26 Nov. 2012

0

All fields

SwePub

26 Nov. 2012

0

Research
publications

Date

No. of potentially
relevant studies not
already found in
other sources

Google

26 Nov. 2012

0

Google Scholar

26 Nov. 2012

0

Search engines

renbete OR (herbivori OR bete OR betad OR betat OR betade OR tramp) (renar OR caribou
OR Rangifer)
renbete

Specialist websites

Search string

Date

No. of potentially
relevant studies not
already found in
other sources

23 Nov. 2012

0

renbet* OR (herbivori OR bet* OR tramp*)

23 Nov. 2012
23 Nov. 2012
23 Nov. 2012

0
0
0

renbet* OR (herbivori OR bet* OR tramp*)
renbet*
renbete, Rangifer

Date

No. of potentially
relevant studies not
already found in
other sources

8 May 2013
8 May 2013

0
0

Date

No. of potentially
relevant studies not
already found in
other sources

Arctic & Antarctic Regions

8 March 2013

0

Melinda

8 March 2013

0

Nordic Council for Reindeer Husbandry Research
(Rangifer journal)
Sapmi
Swedish Environmental Protection Agency
Swedish University of Agricultural Sciences

Comments

Publication search; separate search for each search
term

Searches for literature in Finnish
Publication databases

Arto
Melinda

Search string

Comments

(laidun* OR tallata OR talloa OR polkea) AND (poro OR Rangifer)
(laidun* OR tallata OR talloa OR polkea) AND (poro OR Rangifer)

40 hits, all checked
63 hits, all checked

Search string

Comments

олень пастбище, олень пастись, олень выпасать, олень выбирать, олень высматривать,
олень вытаптывать, оленеводство
олень пастбище, олень пастись, олень выпасать, олень выбирать, олень высматривать,
олень вытаптывать, оленеводство

Separate search for each search term. 78 hits, all
checked.
Separate search for each search term. 8 hits, all
checked.

Searches for literature in Russian
Publication databases

Other searches
Review bibliographies

No. of potentially
relevant studies not
already found in
other sources

Forbes & Kumpula (2009): The ecological role and geography of
reindeer (Rangifer tarandus) in northern Eurasia

0

Linkowski & Lennartsson (2006): Renbete och biologisk mångfald

3

Moen & Danell (2003): Reindeer in the Swedish mountains: An
assessment of grazing impacts
Suominen & Olofsson (2000): Impacts of semi‐domesticated
reindeer on structure of tundra and forest communities in
Fennoscandia: A review

7
5

Comments

Search update
Publication databases

Date

No. of potentially Type of search
relevant studies not
already found in
other sources

Academic Search Premier
GEOBASE + GeoRef (Engineering Village)
IngentaConnect

2 Oct. 2013
2 Oct. 2013
2 Oct. 2013

0
0
0

JSTOR
Scopus

2 Oct. 2013
2 Oct. 2013

0
3

Web of Science
Wiley Online Library

2 Oct. 2013
2 Oct. 2013

3
0

Search engine

Date

No. of potentially
relevant studies not
already found in
other sources

Google Scholar

2 Oct. 2013

0

Abstracts
All fields
Title, keywords or
abstract
Abstracts
Article title,
Abstracts,
Keywords
Topics
Abstract

Search string

Comments

(reindeer OR caribou OR Rangifer) AND (herbivory OR graz* OR brows* OR trampl*)
(reindeer OR caribou OR Rangifer) AND (herbivory OR graz* OR brows* OR trampl*)
(reindeer OR caribou OR Rangifer) AND (herbivory OR graz* OR brows* OR trampl*)

Searched for articles published in 2012 and 2013
Searched for articles published in 2012 and 2013
Articles sorted by Newest first

(reindeer OR caribou OR Rangifer) AND (herbivory OR graz* OR brows* OR trampl*)
(reindeer OR caribou OR Rangifer) AND (herbivory OR graz* OR brows* OR trampl*)

Searched for articles published in 2012 and 2013
Searched for articles published in 2012 and 2013

(reindeer OR caribou OR Rangifer) AND (herbivory OR graz* OR brows* OR trampl*)
(reindeer OR caribou OR Rangifer) AND (herbivory OR graz* OR brows* OR trampl*)

Searched for articles published in 2012 and 2013
Searched for articles published in 2012 and 2013

Search string

Comments

(reindeer OR caribou OR Rangifer) (herbivory OR graze OR grazed OR grazing OR browse OR Searched for articles published since 2012. 100 most
browsing OR trample OR trampled OR trampling)
relevant hits checked (total no. 4,910).

Additional file 2. Excluded articles.
Articles included on abstract but not found in full text
Abrahamsson K V (1986): ‘Reindeer grazing and associated land-use problems in Sweden’. In: Gudmundsson O: Grazing research at
northern latitudes. NATO advanced science institutes series: Series A: Life sciences. Plenum Press.
Andersen I L (1994): ‘Effects of winter grazing by reindeer on a timothy ley in Kautokeino municipality.’ Norsk Landbruksforsking 8:
49-56.
Baradiev B N (1977): ‘Grazing regime of a reindeer herd with various levels of activity of insects.’ Sib Vestn S kh Nauk. (Jan/Feb): 85-88.
Belyaeva N V, Dmitrieva S I (1996): ‘The condition of reindeer pastures in the Russian Federation.’ Rastitel'nye Resursy 32: 22-28.
Cody W J (1965): Plants of the Mackenzie River Delta and reindeer grazing preserve. Plant Research Institute, Research Branch,
Canada Dept. of Agriculture.
Collins W B (1986): ‘Control of herd movements and distribution: the foundation of reindeer husbandry.’ In: Gudmundsson O: Grazing
research at northern latitudes. NATO advanced science institutes series: Series A: Life sciences. Plenum Press.
Dagget D, Bean T (2005): Gardeners of Eden: rediscovering our importance to nature. Thatcher Charitable Trust.
Emanuelsson U (1984): Ecological effects of grazing and trampling on mountain vegetation in northern Sweden. Lund University,
Dept. of Plant Ecology.
Evans R (1995): Impacts of reindeer grazing on soils and vegetation in Finnmark. NORUT Informasjonsteknologi, Report 2033/02-94.
Evju M (2000): Impact of reindeer grazing and summer farming on the mountain Mittåkläppen, Härjedalen, Sweden. Dept. of
Botany, Norwegian University of Science and Technology.
Galaty J G, Johnson D L (1990): The world of pastoralism: herding systems in comparative perspective. Guilford Press.
Johansen B, Tømmervik H (1990): ‘Mapping winter grazing areas for reindeer in Finnmark County, Northern Norway, using Landsat 5TM data.’ In: Mills R: Remote Sensing Science for the Nineties. Geoscience and Remote Sensing Symposium, 1990. IGARSS '90. IEEE,
pp. 613-616.
Karpov N S (1991): Vliyaniye vypasa severnykh oleney na rastitel'nost' pastbishch subarkticheskikh tundr Yakutii. RAN SO Yakutskiy
Institut Biologii.
Klein D R (1986): ‘Latitudinal variation in foraging strategies.’ In: Gudmundsson O: Grazing research at northern latitudes.NATO
advanced science institutes series: Series A: Life sciences. Plenum Press.
Øritsland N A, Ødegaard H, Frøyland E, Brattbakk I (1980): ‘Use of satellite data and the IBM-ERMAN system in mapping of reindeer
grazing range on Svalbard.’ In: Reimers E, Gaare E, Skjenneberg S: Proceedings of the Second International Reindeer/Caribou
Symposium, 17.-21. September 1979, Røros, Norway. Part 1. Direktoratet for vilt og ferskvannsfisk, pp. 174-177.
Ouellet J-P (1992): Ecology of an introduced caribou population on Southampton Island, N.W.T., Canada. University of Alberta.
Palmer L J, Rouse C H (1946): Study of the Alaska tundra with reference to its reactions to reindeer and other grazing. U. S. Fish and
Wildlife Service, Research Report 10.
Pearce F (1997): ‘Norway’s tundra is trampled under foot.’ New Scientist 154(2086): 6-6.
Porsild A E (1929): Reindeer grazing in northwest Canada: report of an investigation of pastoral possibilities in the area from the
Alaska-Yukon boundary to Coppermine River. Canada Dept. of the Interior, Northwest Territories and Yukon Branch.
Punsvik T, Syvertsen A, Staaland H (1980): ‘Reindeer grazing in Adventdalen, Svalbard.’ In: Reimers E, Gaare E, Skjenneberg S:
Proceedings of the Second International Reindeer/Caribou Symposium, 17.-21. September 1979, Røros, Norway. Part 1. Direktoratet
for vilt og ferskvannsfisk, pp. 174-177.
Sendstad E, Sveum P (1983): ‘Effects of grazing by Spitsbergen reindeer (Rangifer tarandus platyrhynchus Vrolic) on soil ecology.’ In:
Lebrun P, Andre H M, de Medts A, Gregoire-Wibo C, Wauthy G: New trends in soil biology: proceedings of the VIII International
Colloquium of Soil Zoology, Louvain-la-Neuve, 1982. Universite Catholique de Louvain, pp. 217-224.
Shchelkunova R P (1979): ‘Accretion of fodder lichens and their distribution in the northern Yenesei region.’ Botanicheskiy Zhurnal 64:
1111-1121.
Swanson J D (1983): ‘Seward Peninsula reindeer range.’ Alaska Rural Development Council.
Tikhmenev E A (1991): ‘Creation of high-productive seeding meadows on disturbed Arctic lands.’ In: International Arctic Technology
Conference, Anchorage, Alaska, 29-31 May, 1991.Society of Petroleum Engineers, pp. 587-592.
Tveitnes A (1980): ‘Lavgransking på Hardangervidda, 1951-1979. Tilvekst og avbeiting i lavheisamfunnene.’ Forskning og forsok i
landbruket 31: 283-367.

Virtanen R (1996): Arctic and oroarctic vegetation patterns in northern Europe as a consequence of topography, climate, bedrock
conditions and grazing. Acta Universitatis Ouluensis, Series A, Scientiae rerum naturalium 282.
Walton D W H (1975): ‘European weeds and other alien species in the Subantarctic.’ Weed Research 15: 271-282.
Zhang J T, Dong Y (2009): ‘Effects of grazing intensity, soil variables, and topography on vegetation diversity in the subalpine meadows
of the Zhongtiao Mountains, China.’ Rangeland Journal 31: 353-360.

Articles excluded on full-text reading
Exclusion categories:
Des

Excluded on study design (e.g. studies based on simulation modelling, simulated herbivory, vegetation
removal or transplantation; or conclusions on grazing intensity based on vegetation properties)

Exp

Excluded on exposure (not primarily a study of effects of reindeer herbivory)

ExpD

No data on exposure differences (temporal or spatial differences in reindeer herbivory)

Lang

Excluded on language (full text not in English, Swedish, Norwegian, Danish, Finnish, German or
Russian)

Prim

No primary data on relevant outcomes (properties of vegetation)

Rev

No relevant primary data but potentially useful as a review

Subj

Excluded on subject (not a study of cover, biomass, structure, composition or productivity
of vegetation)

Veg

Excluded on vegetation type (boreal coniferous forest or former meadow)

The reason for exclusion given below may in some cases be the first one identified by the reviewer rather than
the most important one.

Adams L G, Robus M H (1981): ‘Caribou and domestic reindeer grazing on public lands in Alaska: introduction to a unique management
problem.’ Transactions of the Forty-sixth North American Wildlife and Natural Resources Conference, pp. 318-328. (Subj)
Ahti T, Oksanen J (1990): ‘Epigeic lichen communities of taiga and tundra regions.’ Vegetatio 86: 39-70. (Exp)
Allard A, Ihse M, Nordberg M L (1998): Vegetationsförändringar i fjällen: metodstudier i norra fjällen med hjälp av IRF-flygbilder och
satellitbilder. WWF Sweden. (Exp)
Allard A (2003): ‘Detection of vegetation degradation on Swedish mountainous heaths at an early stage by image interpretation.’ Ambio
32: 510-519. (ExpD)
Anon. (1999): ‘10th Arctic Ungulate Conference, Tromso, Norway, August 9-13, 1999.’ Rangifer Report 4: 10-114. (Prim)
Anon. (2002): ‘12th Nordic Conference on Reindeer Research, Kiruna, Sweden, March 11-13, 2002.’ Rangifer Report 6: 14-121. (Prim)
Anon. (2008): ‘Arctic's grazing animals help global warming on its way.’ New Scientist 199: 16-16. (Prim)
Anschlag K, Broll G, Holtmeier F-K (2008): ‘Mountain birch seedlings in the treeline ecotone, subarctic Finland: Variation in above- and
below-ground growth depending on microtopography.’ Arctic, Antarctic, and Alpine Research 40: 609-616. (ExpD)
Archer S, Tieszen L L (1980): ‘Growth and physiological responses of tundra plants to defoliation. Arctic and Alpine Research 12: 531552. (Des)

Armitage H F, Britton A J, van der Wal R, Woodin S J (2012): ‘Grazing exclusion and phosphorus addition as potential local
management options for the restoration of alpine moss-sedge heath.’ Biological Conservation 153: 17-24. (Exp)
Arseneault D, Villeneuve N, Boismenu C, Leblanc Y, Deshaye J (1997): ‘Estimating lichen biomass and caribou grazing on the wintering
grounds of northern Quebec: An application of fire history and Landsat data.’ Journal of Applied Ecology 34: 65-78. (Veg)
Aspi J, Jakalaniemi A, Tuomi J, Siikamäki P (2003): ‘Multilevel phenotypic selection on morphological characters in a metapopulation
of Silene tatarica.’ Evolution 57: 509-517. (Subj)
Augustine D J, McNaughton S J (1998): ‘Ungulate effects on the functional species composition of plant communities: Herbivore
selectivity and plant tolerance.’ Journal of Wildlife Management 62: 1165-1183. (Prim)
Austrheim G, Eriksson O (2001): ‘Plant species diversity and grazing in the Scandinavian mountains: Patterns and processes at different
spatial scales.’ Ecography 24: 683-695. (Rev)
Austrheim G, Evju M, Mysterud A (2005): ‘Herb abundance and life-history traits in two contrasting alpine habitats in southern
Norway.’ Plant Ecology 179: 217-229. (ExpD)
Austrheim G, Hassel K, Mysterud A (2005): ‘The role of life history traits for bryophyte community patterns in two contrasting alpine
regions.’ Bryologist 108: 259-271. (ExpD)
Axelsson Linkowski W, Lennartsson T (2005): Biologisk mångfald i fjällbjörkskog – en kunskapssammanställning. Centrum för
biologisk mångfald. (Rev)
Axelsson Linkowski W, Lennartsson T (2006): Renbete och biologisk mångfald, kunskapssammanställning. Länsstyrelsen i
Norrbottens län, Rapport 18/2006. (Rev)
Axelsson Linkowski W (2013): ‘Renbete och biologisk mångfald med utgångspunkt i publicerad forskning.’ In: Tunón H, Sjaggo B S:
Ájddo – reflektioner kring biologisk mångfald i renarnas spår. Centrum för biologisk mångfald, Sametinget. (Rev)
Bardgett R D, Wardle D A, Yeates G W (1998): ‘Linking above-ground and below-ground interactions: How plant responses to foliar
herbivory influence soil organisms.’ Soil Biology and Biochemistry 30: 1867-1878. (Rev)
Baskin L M (1989): ‘Reindeer husbandry in the Soviet Union.’ In: Hudson R J, Drew K R, Baskin L M: Wildlife production systems.
Economic utilisation of wild ungulates. Cambridge University Press, pp. 197-206. (Subj)
Bechtel R, Sánchez-Azofeifa A, Rivard B, Hamilton G, Martin J, Dzus E (2004): ‘Associations between Woodland Caribou telemetry data
and Landsat TM spectral reflectance.’ International Journal of Remote Sensing 25: 4813-4828. (Subj, Exp, ExpD)
Beck P S A, Goetz S J (2011): ‘Satellite observations of high northern latitude vegetation productivity changes between 1982 and 2008:
Ecological variability and regional differences.’ Environmental Research Letters. 6: 045501. (Exp, ExpD)
Belovsky G E (1997): ‘Optimal foraging and community structure: The allometry of herbivore food selection and competition.’
Evolutionary Ecology 11: 641-672. (Subj)
Bergerud A T (1971): ‘The population dynamics of Newfoundland caribou.’ Wildlife Monographs 25: 3-55. (Subj)
Bergerud A T (1974): ‘Relative abundance of food in winter for Newfoundland caribou.’ Oikos 25: 379-387. (Subj)
Bergstedt J, van den Brink P, Vikman P-Å (1999): Vegetationsförändringar på fjällen i västra Härjedalen – en kunskapsöversikt.
Fjällforskningsinstitutet. (Prim)
Blaylock D M (1980): Reindeer in North America. Rangelands 2: 91-92. (Subj)
Bliss L C, Courtin G M, Pattie D L, Riewe R R, Whitfield D W A, Widden P (1973): ‘Arctic tundra ecosystems.’ Annual Review of Ecology
and Systematics 4: 359-399. (Subj)
Boone R B, Hobbs N T (2004): ‘Lines around fragments: Effects of fencing on large herbivores.’ African Journal of Range and Forage
Science 21: 147-158. (Exp)
Bork E W, Hudson R J, Bailey A W (1997): ‘Upland plant community classification in Elk Island National Park, Alberta, Canada, using
disturbance history and physical site factors.’ Plant Ecology 130: 171-190. (Exp)
Boudreau S, Payette S (2004): ‘Caribou-induced changes in species dominance of lichen woodlands: An analysis of plant remains.’
American Journal of Botany 91: 422-429. (Veg)
Bråthen K A, González V T, Iversen M, Killengreen S, Ravolainen V T, Ims R A, Yoccoz N G (2007): ‘Endozoochory varies with ecological
scale and context.’ Ecography 30: 308-320. (Prim)
Bridges L M, Crompton A E, Schaefer J A (2007): ‘Landscapes as gradients: The spatial structure of terrestrial ecosystem components in
southern Ontario, Canada.’ Ecological Complexity 4: 34-41. (Exp)
Brook R K, Kenkel N C (2002): ‘A multivariate approach to vegetation mapping of Manitoba's Hudson Bay Lowlands.’ International
Journal of Remote Sensing 23: 4761-4776. (Subj, Veg)
Brouillet L, Hay S, Turcotte P, Bouchard A (1998): ‘La Flore vasculaire alpine du Plateau Big Level, au parc national du Gros-Morne,
Terre-Neuve.’ Geographie Physique et Quaternaire 52: 175-193. (Exp)
Brown J, Miller P C, Tieszen L L, Bunnell F L (1980): An Arctic ecosystem: the coastal tundra at Barrow, Alaska. Dowden, Hutchinson
& Ross, US/IBP Synthesis Series 12. (Prim)

Bruteig I E, Austrheim G, Norderhaug A (2003): Beiting, biologisk mangfald og rovviltforvaltning. Norsk institutt for naturforskning,
Fagrapport 71. (Rev)
Bryant J P, Chapin III F S, Klein D R (1983): ‘Carbon/nutrient balance of boreal plants in relation to vertebrate herbivory.’ Oikos 40:
357-368. (Subj, Veg)
Butler L G, Kielland K, Rupp T S, Hanley T A (2007): ‘Interactive controls of herbivory and fluvial dynamics on landscape vegetation
patterns on the Tanana River floodplain, interior Alaska.’ Journal of Biogeography 34: 1622-1631. (Des)
Caballero R, Riseth J Å,Labba N, Tyran E, Musial W, Molik E, Boltshauser A, Hofstetter P, Gueydon A, Roeder N, Hoffmann H, Moreira
M B, Coelho I S, Brito O, Gil Á (2007): ‘Comparative typology in six European low-intensity systems of grassland management.’
Advances in Agronomy 96: 351-420. (Subj, Exp, Prim)
Caballero R, Gil Á, Fernández-Santos X (2008): ‘An experts survey on sustainability across twenty-seven extensive European systems of
grassland management.’ Environmental Management 42: 190-199. (Subj)
Caballero R, Gil Á (2009): ‘Binding constraints in Castile-La Mancha, Spain's cereal-sheep system.’ Journal of Sustainable Agriculture
33: 3-27. (Subj, Exp, Prim)
Cairns D M, Lafon C, Moen J, Young A (2007): ‘Influences of animal activity on treeline position and pattern: Implications for treeline
responses to climate change.’ Physical Geography 28: 419-433. (Rev)
Callaghan T V, Karlsson P S (1996): ‘Plant ecology in subarctic Swedish Lapland: Summary and conclusions.’ Ecological Bulletins 45:
220-227. (Prim)
Callaghan T V, Crawford R M M, Eronen M, Hofgaard A, Payette S, Rees W G, Skre O, Sveinbjörnsson B, Vlassova T K, Werkman B R
(2002): ‘The dynamics of the tundra-taiga boundary: An overview and suggested coordinated and integrated approach to research.’
Ambio 31: 3-5. (Prim)
Callaghan T V, Velichko A A, Borisova O K (2010): ‘Tundra in changing climate.’ Izvestiya Akademii Nauk, Seriya Geograficheskaya 1727. (Exp)
Chapin III F S (1980): ‘Nutrient allocation and responses to defoliation in tundra plants.’ Arctic and Alpine Research 12: 553-563.
(Des)
Christie D (2010): Reindeer on South Georgia, literature review and discussion of management options. Government of South Georgia
and the South Sandwich Islands. (Rev)
Clutton-Brock J (1989): The walking larder: patterns of domestication, pastoralism, and predation. Unwin Hyman. (Subj)
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In some cases, more than one reason for exclusion was recorded for a single article.

Screening on abstract (of 1,197 articles)

no. of studies

Excluded on subject (not a study of cover, biomass, diversity, structure, composition or productivity of vegetation)
Excluded on exposure (not a study of effects of reindeer herbivory or discontinued reindeer herbivory)
Excluded on vegetation type (study conducted in boreal coniferous forest)
Excluded on study design (simulation modelling or simulated herbivory)
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37
0
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Screening on full text (of 415 articles)
Excluded on subject (not a study of cover, biomass, diversity, structure, composition or productivity of vegetation)
Excluded on exposure (not primarily a study of effects of reindeer herbivory or discontinued reindeer herbivory)
Excluded on vegetation type (study conducted in boreal coniferous forest or former meadow)
Excluded on study design (e.g. simulation modelling, simulated herbivory, vegetation removal, transplantation, or conclusions on
grazing intensity based on vegetation properties)
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No data on exposure differences (differences in reindeer herbivory in time or space)
No relevant primary data but potentially useful as a review
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30

Full text not found
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Quality assessment (of 100 articles)
Excluded on methodological detail (methodology inadequately described)
Excluded on comparator (comparison between summer and winter grazing, use of small‐mesh exclosures, or comparator difficult
to interpret for the purposes of this review)
Excluded on no. of replicates (no replicates at lowest level)
Excluded on use of statistics (e.g. no data on variability)
Vegetation data difficult to interpret
Reindeer data difficult to interpret
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Excluded on redundancy (primary data also published elsewhere)
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Additional file 5. Narrative tables summarising included studies.
Table A. Overview of included studies
Article

Location

Vegetation types
studied

Study design

Duration of
exposure
difference
(years)

No. of No. of replicates
sites or
per site/region
regions
and treatment

Effect of high vs. low exposure to reindeer herbivory
(as presented by study authors)
+
SIgnificant increase with increasing herbivory
̶
Significant decrease with increasing herbivory
NS No significant change with changing herbivory

No. of
BA/CI/BACI
comparisons
extracted

Comments

Northern Fennoscandia (semi-domesticated reindeer, primarily summer or spring/autumn ranges)
Bråthen &
Oksanen 2001

Joahkonjárga (Norway) Mountain birch
forest

BACI, reindeer
exclosures

Bråthen et al.
2007

All types
Finnmark (reindeer
herding districts 13,
14, 14A, 16A, 16B,
16C, 20, 21, 24A, 24B,
27, 28, 29, 32, 33, 34,
35A, 35B, 36, 40)
(Norway)

CI, regions with
different reindeer
densities

den Herder et
al. 2004

Muotkatakkavaara
(Finland)

CI, reindeer
exclosures

Eriksson et al.
2007

Fulufjället, Långfjället, Many types
Sonfjället, Ritsem and
Tavvavuoma (Sweden)

BACI, reindeer
exclosures

Eskelinen &
Oksanen 2006

Saana (Finland)

Low alpine Dryas
heath, graminoidand herb-rich
meadow
Dry ridge tundra

Gaare et al. 2006 Finnmarksvidda
(reindeer herding
districts 16, 17, 30A,
30B, 30C) (Norway)

Mountain birch
forest, subarctic
heath

Preferred forage plants, abundance: ̶
Less preferred forage plants, abundance: NS

0.17

1 site

16

Decades
(assumed to
be 25 years)

10
adjacent
pairs of
districts

35–132

5

1 site

20

Salix phylicifolia, height: ̶
Salix phylicifolia, branching: ̶
Salix phylicifolia, no of buds/shoot: ̶
Salix phylicifolia, no of catkins/ramet: ̶

2̶5

5 widely
spaced
sites

3

In general marginal or no effects on the diversity and cover of
investigated vegetation types.

BA, decrease of
reindeer density

9 or 11

1 site

24

The decrease of reindeer density was followed by increased
abundance of lichens, decreased abundances of graminoids and
bryophytes, and increased species richness of bryophytes and
total vegetation.
(Some data on individual spp. also available)

25

Study also presents CI data, but these were
not used since C and I sites had different
types of vegetation. BA data only extracted
for areas accessible to reindeer.

BA, decrease of
reindeer density

7

1 region
divided
into 5
districts

137–147

The decrease of reindeer density was followed by an increase of
the lichen cover in 3 districts and non-significant changes in 2
other districts.

2

Effect sizes not calculated due to absence
of comparator deviance data.

CI, regions with
different reindeer
densities

Decades
(assumed to
be 25 years)

3
adjacent
pairs of
districts

9–16

Gonzalez et al.
2010

Productive low
Finnmark (reindeer
herding districts 6, 7,
alpine
20, 21, 27, 28) (Norway)

Grellmann 2002

Joatka (Norway)

Mossy dwarf-shrub CI, reindeer or allheath
mammal exclosures

6

1 site

4

Johansen &
Karlsen 2005

Finnmarksvidda
(Norway)

All types

27

1 region

Entire region
surveyed

BA, increase of
reindeer density
(remote sensing)

Small dicotyledons, abundance: NS
Tall dicotyledons, abundance: NS in rich soil, ̶ in poor soil
Grasses, abundance: NS in rich soil, ̶ in poor soil
Sedges, abundance: NS
Salix shrubs and dwarf-shrubs, abundance: NS
Vascular cryptogams, abundance: NS
(Some data on individual spp. also available)

25

618 (52–65 per Raw data supplied by author. Published
pair of regions) data (but not extracted data) stratified by
soil type (rich/poor).

1

714 (102–170
per site)

Year-round herbivory, but vegetation of
interest was only browsed in summer. Data
on cut shoots not used.

Raw data supplied by Robert Björk.
Puollanvare and Tjuolmajaure data not
replicated and therefore not used.

̶

9 (3 per pair of
regions)

Lichens, abundance: NS
Mosses, abundance: NS
Vascular plants, abundance: NS
Poaceae, abundance: +
(Some data on individual spp. also available)

32

Data on fertilisation treatments not used,
but fertilised plots nearby may have
attracted herbivores also to unfertilised
plots. Fig. 2 and associated text difficult to
interpret.

Strong decrease of lichen-covered area with increasing reindeer
density.

0

Data not extracted due to absence of
information on deviances.

Seed bank, density:

Article

Location

Vegetation types
studied

Study design

Duration of
exposure
difference
(years)

No. of No. of replicates
sites or
per site/region
regions
and treatment

Effect of high vs. low exposure to reindeer herbivory
(as presented by study authors)
+
SIgnificant increase with increasing herbivory
̶
Significant decrease with increasing herbivory
NS No significant change with changing herbivory

No. of
BA/CI/BACI
comparisons
extracted

Comments

Kitti et al. 2009

Jávrresduottar
(Norway/Finland)

Wetland on alpine
tundra

CI, reindeer
exclosures

4

1 site

12

Vascular plants, species richness: NS
Salix, height: ̶ (marginally significant)

4

Data from Norwegian side of the border not
used due to different seasonality of grazing
(winter) and absence of exclosures.

Lehtonen &
Heikkinen 1995

Utsjoki (Finland)

Mountain birch
forest

CI, reindeer
exclosures

20

8 sites

8

Betula pubescens, no. of seedlings: ̶
Betula pubescens, no. of sprouts per tree: NS

2

All sites recovering from damage to
mountain birch by Epirrita autumnata.

Moen et al. 2009 Handölsdalen (Sweden) Dry heath, grass
heath

CI, areas with
different reindeer
densities

>7

1 district

4–5

Total vegetation, species richness: NS
Relative abundances of species affected by grazing in dry heath
but not in grass heath.

89

Raw data supplied by author.

Olofsson &
Lagisduoddar (Norway) Salix thickets
Strengbom 2000

CI, summer and
spring/autumn
ranges divided by
fence

30 ̶ 40

1 site

8

Salix lanata, no. of leaves/shoot: NS
Salix lanata, shoot length: ̶

7

30 ̶ 40

4 widely
spaced
sites

4–7

Graminoids had increased and dwarf shrubs decreased in heavily
grazed areas close to the fence. This heavy grazing had also
increased productivity and nutrient cycling.

4

4 widely
spaced
sites

NA

Small mammals had a much larger effect on the vegetation than
reindeer.

16

Effect sizes not calculated due to
insufficient data on replication. Article does
not report in detail on non-significant effects.

Regression slopes in relation to reindeer population index:
Vascular plants, species richness: NS
Vascular plants, Shannon diversity (N'): NS
Vascular plants, evenness index: NS
Ca-favoured vascular plants, species richness: +
Arctic-alpine vascular plants, species richness: NS
Vascular plants red-listed in Finland (near threatened or worse),
species richness: NS
Vascular plants red-listed in Finland (vulnerable or worse), species
richness: +

0

Results based on regressions of vascular
plant diversity indices vs. reindeer density
index at different sites. 20 plots sampled at
each site, but data reported at site level
only, with no deviance.

8 (4 per site)

Data on transplantation experiments and
comparisons between summer and winter
ranges not used

Olofsson et al.
2001

Lagisduoddar,
Raisduoddar and
Čearro (Norway),
Siččajávri
(Norway/Finland)

Empetrum/
Dicranum / lichen
heath, Betula nana/
Cladina heath

CI, areas with
different reindeer
densities (close to
and further from
fence)

Olofsson et al.
2004

Abisko and Vássijávri
(Sweden), Joatka and
Seiland (Norway)

Mountain birch
forest, heathland

BACI, reindeer or allmammal exclosures

Olofsson &
Oksanen 2005

Boazuvárri,
Dryas heath, lowGeadgečorro and
herb meadow
Vággečohkka
(Sweden), Pikku-Malla,
Iso-Malla and Saana
(Finland), Jávrioaivit
and Jeahkkir (Norway)

CI, areas with
different reindeer
densities

Long

8 widely
spaced
sites

1 (4 grids, 20
plots)

Olofsson 2006

Lagisduoddar and
Empetrum/
Raisduoddar (Norway) Dicranum / lichen
heath

CI, areas with
different reindeer
densities (close to
and further from
fence)

30-40

2 sites

5

Vascular plants, biomass: NS
Vascular plants, species richness: NS
Mosses, cover: NS
Lichens, cover: NS

Olofsson et al.
2009

Abisko and Vássijávri
(Sweden), Joatka and
Seiland (Norway)

Mountain birch
forest, heathland

CI, reindeer or allmammal exclosures

10

4 widely
spaced
sites

9

Shrubs, abundance: ̶
Lichens, cover: ̶ in 1 out of 2 areas
(Some data on individual spp. also available)

Olofsson et al.
2013

Abisko (Sweden)

Mountain birch
forest, heathland

CI, reindeer or allmammal exclosures

14

1 site

9

Betula nana, biomass: ̶
Cladina mitis, biomass: NS
Empetrum hermaphroditum, biomass: NS
Vaccinium myrtillus, biomass: NS
Vaccinium vitis-idaea, biomass: NS

60 (13–21 per
site)

Data in Fig. 1 supplied in digital format by
author. Some data in other figures not
clearly visible and therefore not extracted.
Only summer-range data used (no clear
gradients of grazing pressure on winter and
spring/autumn ranges).

154 (22–44 per
site)

4

Data on groups and species also covered
by Olofsson et al. 2009 not included, nor
are data on diseased vegetation. Article
does not report in detail on non-significant
effects.

Article

Location

Vegetation types
studied

Study design

Duration of
exposure
difference
(years)

No. of No. of replicates
sites or
per site/region
regions
and treatment

Decades
(assumed to
be 25 years)

3
adjacent
pairs of
districts

5–16

Productive low
Ravolainen et al. Finnmark (reindeer
herding districts 6, 7,
alpine
2010
20, 21, 27, 28) (Norway)

CI, regions with
different reindeer
densities

Ravolainen et al. Komagelva and Vestre Riparian herb field
Jakobselv (Norway)
2011

CI, reindeer or allmammal exclosures

2

2 sites

3

Effect of high vs. low exposure to reindeer herbivory
(as presented by study authors)
+
SIgnificant increase with increasing herbivory
̶
Significant decrease with increasing herbivory
NS No significant change with changing herbivory

No. of
BA/CI/BACI
comparisons
extracted

Comments

Weak scale-dependency of reindeer-grazing effects on plant
diversity. High reindeer densities cause some homogenisation of
the vegetation.

138 (44–48 per
region pair)

Total vegetation, biomass: ̶ at 1 site, NS at 1 site
Forbs, biomass: ̶ at 1 site, NS at 1 site
Vascular cryptogams, biomass: ̶ at 1 site, NS at 1 site
Deciduous shrubs, biomass: NS at both sites
Grasses, biomass: NS at 1 site
Sedges, biomass: NS at 1 site
Mosses, cover: NS at both sites
These data refer to reindeer exclosures only.

40 (20 per site) Raw data supplied by author.

Raw data supplied by author.

Tømmervik et
al. 2009

Finnmarksvidda
(reindeer herding
districts 16, 17, 30A,
30B, 30C) (Norway)

All types

BA, increase of
reindeer density
(remote sensing)

49

1 region

Entire region
surveyed

Lichens, biomass: negatively correlated with reindeer density
Tree layer, biomass: positively correlated with reindeer density

0

Data not extracted due to absence of
information on deviances.

Tømmervik et
al. 2012

Finnmarksvidda
(reindeer herding
districts 16, 17, 30A,
30B, 30C) (Norway)

Dry ridge tundra

BACI, reindeer
exclosures, with
decreasing reindeer
density outside
exclosures

7

1 region

50

Lichens recovered rapidly both outside and inside reindeer
exclosures, especially on leeward ridges. The cover of vascular
plants, mainly dwarf shrubs, also increased significantly.

4

Data on lichen thickness and biomass not
used due to insufficient information about
replication.

Pajunen 2009

Yamal Peninsula
(Russia)

Shrub tundra heath CI, areas with
different reindeer
densities

Unknown

13 sites
along
transect

0

Results based on regressions of Salix
dimensions vs. reindeer pellet counts at
different sites.

Nellemann et al. Rondane (Norway)
2000

Dwarf-shrub/ lichen CI, areas with
heath
different reindeer
densities (close to
and further from
infrastructure)

Not stated

1 region

27?

Lichens, cover: ̶ on ridges, NS on slopes
Graminoids, cover: NS on ridges, + on slopes
(Some data on individual spp. also available)

21

Effect sizes not calculated due to
insufficient data on replication.

Nellemann et al. Nordfjella (Norway)
2001

Lichen heath

Not stated

1 region

6–25

Lichens, cover: ̶
Lichens, biomass: ̶
Graminoids, cover: +
(Some data on individual spp. also available)

9

Decades
(assumed to
be 30 years)

3
adjacent
regions

7

Russia (semi-domesticated reindeer, summer ranges)
1–3

Salix (glauca and lanata), height of ramets:
̶ at deep-thaw sites, + at sites with less deep thaw
Salix, shoot length: ̶ at sites of both kinds
Salix, shoot diameter: ̶ at sites of both kinds

South Norway (wild reindeer, winter ranges)

Vistnes et al.
2004

Rondane, Snøhetta
and Nord-Ottadalen
(Norway)

CI, areas with
different reindeer
densities (close to
and further from
infrastructure)

Dwarf-shrub/ lichen CI, areas with
heath
different reindeer
densities (close to
and further from
infrastructure)

Lichens, biomass: ̶ in 2 regions, NS in 1 region
(Some data on individual spp. also available)

15 (5 per region)

Article

Location

Vegetation types
studied

Study design

Duration of
exposure
difference
(years)

No. of No. of replicates
sites or
per site/region
regions
and treatment

Effect of high vs. low exposure to reindeer herbivory
(as presented by study authors)
+
SIgnificant increase with increasing herbivory
̶
Significant decrease with increasing herbivory
NS No significant change with changing herbivory

No. of
BA/CI/BACI
comparisons
extracted

Comments

Svalbard (wild Svalbard reindeer)
Dormann &
Skarpe 2002

Semmeldalen
(Svalbard)

Dry or graminoid
heath

BACI, reindeer
exclosures

Hansen et al.
2007

Brøggerhalvøya
(Svalbard)

Dwarf-shrub/ lichen BA, increase of
heath
reindeer density

van der Wal et
al. 2001

Spitsbergen (Svalbard) High-arctic valley
vegetation

van der Wal &
Brooker 2004

Semmeldalen
(Svalbard)

CI, regions with
different reindeer
densities

CI, reindeer
Luzula heath,
grass-rich meadow exclosures

3

1 site

3–6

9

1 region

680–688

Long

14 sites

18–60

4

1 site

20

18–60

Salix polaris, annual shoot growth:
Lichens, cover: ̶
Mosses, cover: ̶
Vascular plants, cover:

̶

Effect sizes not calculated due to
insufficient data on deviances.

3

Data collected after 1990 not used since
rapid fluctuations of reindeer density make
them difficult to interpret.

0

Results based on regressions of lichen
cover vs. reindeer pellet counts at different
sites.

1

Result averaged over different vegetation
types.

0

Results based on regressions of vegetation
cover vs. reindeer pellet counts at different
sites.

1

Data on warming treatment not used.

Data on fertilisation treatments not used.
Article does not report non-significant
effects in detail.

̶

Fruticose lichens, cover: ̶
Crustose lichens, cover: NS
Foliose lichens, cover: NS
(Some data on individual spp. also available)
Mosses, height:

4

̶

Spitsbergen (Svalbard) High-arctic valley
vegetation

CI, regions with
different reindeer
densities

Long

14 sites

Vascular plants, cover: NS
Grasses, cover: +

Cahoon et al.
2012

Kangerlussuaq
(Greenland)

Low shrub tundra

CI, large-mammal
exclosures
(muskoxen also
present)

7

1 site

3

Gough et al.
2008

Toolik Lake (Alaska,
USA)

Dry heath

CI, reindeer or allmammal exclosures

10 or 17

1 site

2–3

Total vegetation, biomass: NS after 10 years, ̶ after 17 years
Cladonia, biomass: ̶
These data refer to reindeer exclosures only.

12

Tussock tundra,
alpine tundra, tall
shrub tundra

BA, increase of
reindeer density

14

18 sites

18

Lichens, cover: ̶
Graminoids, cover: +
Forbs, cover: NS
Shrubs, cover: +
(Some data on individual spp. also available)

27

Shrub tundra,
dwarf birch stands

CI, areas with
different reindeer
densities

Unknown

12 sites

4–8

Lichens, cover: ̶ on shrub tundra, NS in dwarf birch stands
Lichens, biomass: ̶ on shrub tundra
Mosses, cover: + on shrub tundra, NS in dwarf birch stands
Shrubs, biomass: NS on shrub tundra
(Some data on individual spp. also available)

66

Inconsistent data in Tables 4 and 5 not used.

Low shrub tundra

CI, large-mammal
exclosures
(muskoxen also
present)

4

1 site

NA

Graminoids, biomass: NS (but significant interaction with year)
Forbs, biomass: NS (but significant interaction with year)

8

Data on warming treatments not used.
Effect sizes not calculated due to unclear
nested design.

Alaska, Canada, Greenland (wild caribou)

Jandt et al. 2003 Buckland Valley
(Alaska, USA)

Manseau et al.
1996

Rivière George
(Canada)

Pedersen & Post Kangerlussuaq
2008
(Greenland)

Leaf area index:

̶

Article

Location

Vegetation types
studied

Study design

Duration of
exposure
difference
(years)

No. of No. of replicates
sites or
per site/region
regions
and treatment

No. of
BA/CI/BACI
comparisons
extracted

Comments

Betula nana, cover: ̶
Salix, cover: NS
Graminoids, cover: +
Forbs, cover: +
Mosses, cover: NS

6

Data on warming treatments not used.
Effect sizes not calculated due to unclear
nested design.

No data on significance of relevant outcomes found in the article.

1

Data on warming treatments not used.

5

Betula glandulosa, apical stem biomass: NS
Betula glandulosa, no. of new apical shoots: NS
Betula glandulosa, no. of flowers: NS

3

Data on warming, snowfence and
fertilisation treatments not used.

5

Shrubs, leaf biomass: NS
Vascular plants, diversity: +
Lichens, diversity: NS

14

Post & Pedersen Kangerlussuaq
2008
(Greenland)

Low shrub tundra

CI, large-mammal
exclosures
(muskoxen also
present)

5

1 site

6

Post 2013

Low shrub tundra

CI, large-mammal
exclosures
(muskoxen also
present)

9

1 site

NA

Zamin & Grogan Daring Lake (Canada)
2012

Mesic birch
hummock tundra

CI, reindeer
exclosures

6

1 site

Zamin & Grogan Daring Lake (Canada)
2013

Mesic birch
hummock tundra

CI, reindeer
exclosures

5

1 site

Kangerlussuaq
(Greenland)

Effect of high vs. low exposure to reindeer herbivory
(as presented by study authors)
+
SIgnificant increase with increasing herbivory
̶
Significant decrease with increasing herbivory
NS No significant change with changing herbivory

Table B. Sites and regions where included studies were carried out
Site/region

Country

Articles with data

Latitude Longitude

Elevation
(m)

Annual
mean
temp.
(°C)––

Seasonality of
reindeer
herbivory

Mean reindeer
density (over
entire range or
district)
(no./km2)

Source of reindeer data

Comments on reindeer data

Sites in Fennoscandia (with semi-domesticated reindeer)
Čearro, Finnmark

Norway

Olofsson et al. 2001

69° 40' N

24° 40' E

250

–3.7

Summer

Jávrioaivit, Troms

Norway

Olofsson & Oksanen 2005

69° 31' N

21° 15' E

860

–4.1

Summer

Jeahkkir, Finnmark

Norway

Olofsson & Oksanen 2005

70° 27' N

23° 47' E

200

–1.8

Summer

Joahkonjárga, Finnmark

Norway

Bråthen & Oksanen 2001

70° 10' N

22° 30' E

Joatka, Finnmark

Norway

Grellmann 2002, Olofsson et al.
2004, 2009

69° 46' N

23° 58' E

Komagelva, Finnmark

Norway

Ravolainen et al. 2011

70° 20' N

Lagisduoddar, Finnmark

Norway

Olofsson & Strengbom 2000,
Olofsson et al. 2001, Olofsson
2006

Raisduoddar, Troms

Norway

Seiland, Finnmark

Regional reindeer data not relevant since vegetation data
were sampled near fences.

–3.5

Summer

13.6

Bråthen & Oksanen 2001

Regional data for Joahkonjárga (district 27) in 1996.

520

–4.3

Spring/autumn

8.0

Tømmervik & Riseth NINA
rapport 2011

Regional data for Kautokeino (districts 30A–C).

30° 00' E

110–290

0.7

Summer

2.5

http://www.reindrift.no

Regional means for Várjatnnjárga (district 6) in 1980–2003.

70° 30' N

27° 30' E

200–300

–1.4

Summer and
spring/autumn

Regional reindeer data not relevant since vegetation data
were sampled near fences.

Olofsson et al. 2001, Olofsson
2006

69° 33' N

20° 57' E

600–700

–1.4

Summer

Regional reindeer data not relevant since vegetation data
were sampled near fences.

Norway

Olofsson et al. 2004, 2009

70° 30' N

23° 32' E

100

–2.2

Summer

8.0

http://www.reindrift.no

Regional means for Nuorta–Sievju (district 24B) in 1980–2003.

Vestre Jakobselv, Finnmark

Norway

Ravolainen et al. 2011

70° 20' N

29° 15' E

110–290

0.3

Summer

2.5

http://www.reindrift.no

Regional means for Várjatnnjárga (district 6) in 1980–2003.

Jávrresduottar

Norway/
Finland

Kitti et al. 2009

68° 47' N

23° 50' E

450–510

–3.3

Summer

10-12

Kitti et al. 2009

Data refer to Finnish side of border.

Siččajávri

Norway/
Finland

Olofsson et al. 2001

68° 50' N

23° 50' E

550

–3.7

Summer

Iso-Malla, Kilpisjärvi

Finland

Olofsson & Oksanen 2005

69° 05' N

20° 40' E

700

–2.4

Summer

Muotkatakkavaara, Kilpisjärvi

Finland

den Herder et al. 2004

68° 55' N

20° 59' E

–2.4

Year round

Pikku-Malla, Kilpisjärvi

Finland

Olofsson & Oksanen 2005

69° 05' N

20° 45' E

640

–2.2

Summer

Saana, Kilpisjärvi

Finland

Eskelinen & Oksanen 2006,
Olofsson & Oksanen 2005

69° 03' N

20° 50' E

700–850

–4.1

Summer

3.2/1.8

Abisko, Norrbotten

Sweden

Olofsson et al. 2004, 2009,
2013

68° 19' N

18° 52' E

550

–1.2

Mainly
spring/autumn

4.9

Boazuvárri, Norrbotten

Sweden

Olofsson & Oksanen 2005

68° 16' N

18° 32' E

780

–1.0

Summer

Fulufjället, Dalarna

Sweden

Eriksson et al. 2007

61° 30' N

12° 45' E

860–930

–0.1

Geadgečorro, Norrbotten

Sweden

Olofsson & Oksanen 2005

68° 24' N

18° 20' E

700

–2.7

Summer

Långfjället, Dalarna

Sweden

Eriksson et al. 2007

62° 05' N

12° 25' E

800–1010

–0.3

Summer

17.9

Svensk-norska renbeteskommissionen 2001

Regional data for summer range of Idre herding district.

Ritsem, Norrbotten

Sweden

Eriksson et al. 2007

67° 45' N

17° 40' E

820–840

–2.8

Summer

3.6

Svensk-norska renbeteskommissionen 2001

Regional data for summer range of Sörkaitum/ Mellanbyn
(Unna tjerusj/Báste) herding district.

Sonfjället, Jämtland

Sweden

Eriksson et al. 2007

62° 20' N

13° 55' E

910–940

2.2

Summer

8.7

Svensk-norska renbeteskommissionen 2001

Regional data for summer range of Mittådalen herding
district.

Tavvavuoma, Norrbotten

Sweden

Eriksson et al. 2007

68° 20' N

21° 15' E

520

–2.6

Summer

6.4

Svensk-norska renbeteskommissionen 2001

Regional data for summer range of Lainiovuoma herding
district.

Vággečohkka, Norrbotten

Sweden

Olofsson & Oksanen 2005

68° 24' N

19° 05' E

760

–0.3

Summer

Vássijávri, Norrbotten

Sweden

Olofsson et al. 2004, 2009

68° 26' N

18° 16' E

–0.3

Mainly winter

3.5

Svensk-norska renbeteskommissionen 2001

Regional data for summer range of Talma herding district.

Regional reindeer data not relevant since vegetation data
were sampled near fences.
2-3

den Herder et al. 2004

Local estimate.

Paliskuntain yhdistys

Regional means for Käsivarsi in 1981–90 and 1991–2001,
respectively (the latter relevant for Olofsson & Oksanen 2005,
both for Eskelinen & Oksanen 2006).
Regional data for summer range of Gabna herding district.

Svensk-norska renbeteskommissionen 2001

0

Almost no reindeer.

Site/region

Country

Articles with data

Latitude Longitude

Elevation
(m)

Annual
mean
temp.
(°C)

Seasonality of
reindeer
herbivory

Mean reindeer
density (over
entire range or
district)
(no./km2)

Source of reindeer data

Comments on reindeer data

Herding districts in northern Fennoscandia and Russia (with semi-domesticated reindeer)
Numbers in first column refer to Norwegian reindeer-herding districts
Várjatnnjárga (6)

Norway

González et al. 2010,
Ravolainen et al. 2010

70° 16' N

29° 46' E

114–261

–0.5

Summer

2.5

Gonzalez et al . 2010

Regional mean for 1980–2003.

Rággonjárga (7)

Norway

González et al. 2010,
Ravolainen et al. 2010

70° 41' N

28° 53' E

141–297

–0.4

Summer

1.7

Gonzalez et al . 2010

Regional mean for 1980–2003.

Siskkit Čorgaš ja Lágesduottar
(13)

Norway

Bråthen et al. 2007

70° 33' N

27° 33' E

27–685

–1.4

Summer

7.2

http://www.reindrift.no

Regional mean for 1980–2003.

Spierttanjárga (14)

Norway

Bråthen et al. 2007

70° 43' N

26° 20' E

9–476

–3.0

Summer

3.9

http://www.reindrift.no

Regional mean for 1980–2003.

Spierttagáisá (14A)

Norway

Bråthen et al. 2007

70° 01' N

25° 30' E

187–656

–3.7

Summer

4.6

http://www.reindrift.no

Regional mean for 1980–2003.

Kárášjoga oarjjabealli (Karasjok
vestre distrikt) (16A)

Norway

Bråthen et al. 2007

70° 46' N

24° 46' E

110–413

–2.0

Summer

10.5

http://www.reindrift.no

Regional mean for 1980–2003.

Kárášjoga oarjjabealli (Karasjok
vestre distrikt) (16B)

Norway

Bråthen et al. 2007

70° 46' N

25° 14' E

11–412

–2.2

Summer

5.6

http://www.reindrift.no

Regional mean for 1980–2003.

Kárášjoga oarjjabealli (Karasjok
vestre distrikt) (16C)

Norway

Bråthen et al. 2007

70° 04' N

24° 37' E

270–581

–3.4

Summer

7.3

http://www.reindrift.no

Regional mean for 1980–2003.

Finnmarksvidda (16, 17, 30A,
30B, 30C)

Norway

Johansen & Karlsen 2005,
Gaare et al. 2006, Tømmervik
et al . 2009, 2012

69° 30' N

24° E

100–500

–3.4

7.6/6.9

Tømmervik et al. 2009

Regional means for 1992–98 and 1999–2005, respectively
(relevant for Gaare et al. 2006 and Tømmervik et al. 2012).

Fálá (Kvaløy) (20)

Norway

Bråthen et al. 2007, González
et al. 2010, Ravolainen et al.
2010

70° 36' N

23° 53' E

32–459

–3.8

Summer

7.0

Gonzalez et al . 2010

Regional mean for 1980–2003.

Gearretnjárga (21)

Norway

Bråthen et al. 2007, González
et al. 2010, Ravolainen et al.
2010

70° 35' N

24° 24' E

118–500

–4.3

Summer

4.7

Gonzalez et al . 2010

Regional mean for 1980–2003.

Oarje-Sievju (Seiland Vest) (24A) Norway

Bråthen et al. 2007

70° 25' N

23° 02' E

187–794

–3.7

Summer

4.8

http://www.reindrift.no

Regional mean for 1980–2003.

Nuorta-Sievju (Seiland Øst) (24B) Norway

Bråthen et al. 2007

70° 25' N

23° 21' E

120–584

–4.9

Summer

8.0

http://www.reindrift.no

Regional mean for 1980–2003.

Joahkonjárga (27)

Norway

70° 09' N

22° 37' E

159–732

–1.9

Summer

12.1

Gonzalez et al . 2010

Regional mean for 1980–2003.

Cuokcavuotna (Bergsfjord) (28)

Norway

Bråthen et al. 2007, González
et al. 2010, Ravolainen et al.
2010
Bråthen et al. 2007, González
et al. 2010, Ravolainen et al.
2010
Bråthen et al. 2007

70° 13' N

22° 07' E

51–417

–1.0

Summer

3.2

Gonzalez et al . 2010

Regional mean for 1980–2003.

70° 19' N

21° 45' E

73–453

–0.5

Summer

6.5

http://www.reindrift.no

Regional mean for 1980–2003.

Seakkesnjárga ja Sildá (Frakfjord Norway
med Silda) (29)
Silvvetnjárga (32)

Norway

Bråthen et al. 2007

70° 06' N

21° 41' E

92–797

–3.9

Summer

3.7

http://www.reindrift.no

Regional mean for 1980–2003.

Spalca (33)

Norway

Bråthen et al. 2007

69° 52' N

22° 05' E

384–695

–3.9

Summer

10.1

http://www.reindrift.no

Regional mean for 1980–2003.

Ábborašša (34)

Norway

Bråthen et al. 2007

69° 43' N

22° 22' E

423–671

–3.6

Summer

7.7

http://www.reindrift.no

Regional mean for 1980–2003.

Fávrrosorda (35A)

Norway

Bråthen et al. 2007

69° 52' N

21° 37' E

310–675

–2.5

Summer

8.8

http://www.reindrift.no

Regional mean for 1980–2003.

Beahcegealli (35B)

Norway

Bråthen et al. 2007

69° 35' N

22° 04' E

611–735

–5.1

Summer

2.0

http://www.reindrift.no

Regional mean for 1980–2003.

Cohkolat (36)

Norway

Bråthen et al. 2007

69° 43' N

21° 00' E

306–706

–2.3

Summer

6.7

http://www.reindrift.no

Regional mean for 1980–2003.

Orda (40)

Norway

Bråthen et al . 2007

69° 57' N

22° 14' E

422–826

–3.8

Summer

17.5

http://www.reindrift.no

Regional mean for 1980–2003.

Utsjoki

Finland

Lehtonen & Heikkinen 1995

69° 40' N

27° E

225–295

–1.3

Summer

2.9

Paliskuntain yhdistys

Regional mean for Paistunturi/Kaldoaivi in 1970–1991.

Handölsdalen, Jämtland

Sweden

Moen et al. 2009

63° 10' N

12° 32' E

–1.2

Summer

6.5

Svensk-norska renbeteskommissionen 2001

Regional mean for Handölsdalen herding district in
1994–2005.

Yamal Peninsula

Russia

Pajunen 2009

68° 50' N

69° 12' E

–8.1

Summer

Site/region

Country

Articles with data

Latitude Longitude

Elevation
(m)

Annual
mean
temp.
(°C)

Seasonality of
reindeer
herbivory

Mean reindeer
density (over
entire range or
district)
(no./km2)

Nordfjella, Sogn og Fjordane

Norway

Nellemann et al. 2001

60° 50' N

7° 40' E

1000–2000

–2.9

Winter

Nord-Ottadalen, Oppland

Norway

Vistnes et al. 2004

62° 00' N

8° 57' E

1000–1500

–0.6

Winter

Rondane, Oppland

Norway

Nellemann et al. 2000, Vistnes
et al. 2004

62° 02' N

9° 35' E

1000–1500

–2.0

Winter

Snøhetta, Oppland

Norway

Vistnes et al. 2004

62° 13' N

8° 50' E

1000–1500

0.6

Winter

Brøggerhalvøya, Spitsbergen

Svalbard

Hansen et al. 2007

78° 54' N

11° 42' E

< 200

–6.8

Year round

0.1/0.9

Semmeldalen, Spitsbergen

Svalbard

Dormann & Skarpe 2002, van
der Wal & Brooker 2004

77° 58' N

15° 25' E

30–100

–5.6

Year round

1.7

Spitsbergen

Svalbard

van der Wal et al. 2001, van der 78° 30' N
Wal & Brooker 2004

15° 20' E

–5.9

Year round

Kangerlussuaq

Greenland

Cahoon et al. 2012, Pedersen
& Post 2008, Post & Pedersen
2008, Post 2013

67° 07' N 50° 20' W

280

–5.3

Summer

1.2-7

Daring Lake, NW Territories

Canada

Zamin & Grogan 2012, 2013

64° 52' N 111° 34' W

420

–11.1

Summer

0.25-1.3

Rivière George, Quebec

Canada

Manseau et al. 1996

58° N

65° W

Buckland Valley, Alaska

USA

Jandt et al. 2003

66° N

160° W

Toolik Lake, Alaska

USA

Gough et al. 2008

Source of reindeer data

Comments on reindeer data

3.6/0.1

Nellemann et al. 2001

Data refer to high- and low-exposure areas, respectively.

5.0/0.9

Vistnes et al. 2004

Data refer to high- and low-exposure areas, respectively.

Regions in south Norway (with wild reindeer)

> 5/0 (Nellemann Nellemann et al. 2000,
2000);
Vistnes et al. 2004
8.2/2.3 (Vistnes
2004)
1.9/0.4

Vistnes et al. 2004

Data refer to high- and low-exposure areas, respectively.

Data refer to high- and low-exposure areas, respectively.

Sites and regions on Svalbard (with wild Svalbard reindeer)
Hansen et al. 2007

Reindeer reintroduced in 1978. Data refer to 1979 and 1989,
respectively.

Jacobsen et al. , Rangifer 18 Regional data for Semmeldalen + Reindalen in 1994.
(2): 81-84

Sites and regions in North America (with wild caribou)

68° 38' N 149° 36' W

–6.3

Summer

2.5

90–600

–6.7

Winter

0.39/1.24

760

–11.3

Winter

0.29

Greenland Institute of
Natural Resources,
Technical Report 78

Data refer to Kangerlussuaq–Sisimiut caribou herd in
2001–2010.

Zamin & Grogan 2012, 2013 Data refer to Rivière George caribou herd in 2004–2009.
www.caff.is

Data refer to Rivière George caribou herd.

Jandt et al. 2003

Data refer to Western Arctic caribou herd in 1981 and 1993,
respectively.

Data refer to Central Arctic caribou herd.
www.caff.is,
http://www.fws.gov/alaska/n
wr/arctic/pdf/cah.pdf
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Additional file 6. Forest plots, cover/biomass/abundance.

Herbs/Forbs
Herbs/Forbs − Cover

Mean and 95% C.I.

Eriksson et al. 2007, Moss-rich forest, Tavvavuoma
Eriksson et al. 2007, Moss-rich forest, Sonfjället
Eriksson et al. 2007, Moss-rich forest, Långfjället
Eriksson et al. 2007, Moss-rich forest, Fulufjället
Eriksson et al. 2007, Low forb meadow, Ritsem
Eriksson et al. 2007, Lichen-rich forest, Tavvavuoma
Eriksson et al. 2007, Dry heath, Tavvavuoma
Eriksson et al. 2007, Dry heath, Sonfjället
Eriksson et al. 2007, Dry heath, Ritsem
Eriksson et al. 2007, Dry heath, Långfjället
Eriksson et al. 2007, Dry heath, Fulufjället
Eriksson et al. 2007, Grass heath, Långfjället
Jandt et al. 2003, Buckland Valley
Manseau et al. 1996, Shrub tundra, R. George
Olofsson et al. 2001, Čearro
Olofsson et al. 2001, Lagisduoddar
Olofsson et al. 2001, Raisduoddar
Eskelinen & Oksanen 2006, Saana

−0.14
−0.42
0.11
−0.76
0.63
−0.04
−0.23
−0.15
−0.23
0.61
1.24
1.17
−0.04
−1.62
0.24
−1.53
1.05
−0.29

Herb/forb cover: random effects model

−0.10 [ −0.41 , 0.22 ]

[ −1.74 , 1.47 ]
[ −2.04 , 1.20 ]
[ −1.49 , 1.71 ]
[ −2.42 , 0.90 ]
[ −1.01 , 2.27 ]
[ −1.64 , 1.56 ]
[ −1.83 , 1.38 ]
[ −1.75 , 1.46 ]
[ −1.83 , 1.38 ]
[ −1.03 , 2.24 ]
[ −0.51 , 2.99 ]
[ −0.56 , 2.90 ]
[ −0.70 , 0.61 ]
[ −3.02 , −0.21 ]
[ −1.16 , 1.63 ]
[ −3.10 , 0.05 ]
[ −0.43 , 2.53 ]
[ −0.86 , 0.28 ]

Herbs/Forbs − Biomass
Ravolainen et al. 2011, Vestre Jakobselv
Ravolainen et al. 2011, Komagelva
Ravolainen et al. 2010, Norwegian herding districts 27 and 28
Ravolainen et al. 2010, Norwegian herding districts 20 and 21
Ravolainen et al. 2010, Norwegian herding districts 6 and 7

−1.04
−0.18
−0.58
0.36
−0.63

Herb/forbs biomass: random effects model

−0.29 [ −0.73 , 0.16 ]

[ −2.74 ,
[ −1.79 ,
[ −1.53 ,
[ −0.42 ,
[ −1.44 ,

0.67 ]
1.42 ]
0.36 ]
1.13 ]
0.17 ]

Herbs/Forbs − Abundance
Moen et al. 2009, Grass heath, Handölsdalen
Moen et al. 2009, Dry heath, Handölsdalen
Grellmann 2002, Joatka
Bråthen et al. 2007, Norwegian herding districts 13 and 14
Bråthen et al. 2007, Norwegian herding districts 16C and 14A
Bråthen et al. 2007, Norwegian herding districts 16A and 16B
Bråthen et al. 2007, Norwegian herding districts 20 and 21
Bråthen et al. 2007, Norwegian herding districts 24B and 24A
Bråthen et al. 2007, Norwegian herding districts 29 and 28
Bråthen et al. 2007, Norwegian herding districts 27 and 32
Bråthen et al. 2007, Norwegian herding districts 40 and 33
Bråthen et al. 2007, Norwegian herding districts 34 and 35B
Bråthen et al. 2007, Norwegian herding districts 35A and 36
Post & Pedersen 2008, Kangerlussuaq

0.78
0.87
0.04
−0.26
−0.36
0.10
−0.52
−1.01
−0.75
0.01
−0.33
−0.78
0.43
0.71

Herb/forb abundance: random effects model

−0.22 [ −0.50 , 0.07 ]

[ −0.66 , 2.22 ]
[ −0.43 , 2.16 ]
[ −1.35 , 1.42 ]
[ −0.54 , 0.03 ]
[ −0.62 , −0.10 ]
[ −0.21 , 0.40 ]
[ −0.86 , −0.19 ]
[ −1.41 , −0.61 ]
[ −1.18 , −0.33 ]
[ −0.31 , 0.34 ]
[ −0.64 , −0.02 ]
[ −1.25 , −0.32 ]
[ 0.04 , 0.82 ]
[ −0.45 , 1.88 ]

Herbs, preferred − Abundance
Bråthen & Oksanen 2001, Joahkonjárga

−1.04 [ −1.78 , −0.30 ]

Herbs of unknown forage value − Abundance
Bråthen & Oksanen 2001, Joahkonjárga

−1.62 [ −2.42 , −0.82 ]

Forbs (forage) − Cover
Manseau et al. 1996, Dwarf birch stands, R. George

−1.42 [ −2.78 , −0.05 ]

Overall random effects model

−0.28 [ −0.48 , −0.09 ]
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Standardised mean difference between high- and low-exposure data

3

4

Graminoids
Sedges/Rushes − Abundance
Bråthen et al. 2007, Norwegian herding districts 13 and 14
Bråthen et al. 2007, Norwegian herding districts 16C and 14A
Bråthen et al. 2007, Norwegian herding districts 16A and 16B
Bråthen et al. 2007, Norwegian herding districts 20 and 21
Bråthen et al. 2007, Norwegian herding districts 24B and 24A
Bråthen et al. 2007, Norwegian herding districts 29 and 28
Bråthen et al. 2007, Norwegian herding districts 27 and 32
Bråthen et al. 2007, Norwegian herding districts 40 and 33
Bråthen et al. 2007, Norwegian herding districts 34 and 35B
Bråthen et al. 2007, Norwegian herding districts 35A and 36

−0.28
−0.19
0.42
−0.52
−0.01
0.49
0.41
−0.08
0.43
0.01

Sedges/rushes, abundance: random effects model

[ −0.56 , 0.01 ]
[ −0.45 , 0.07 ]
[ 0.11 , 0.73 ]
[ −0.86 , −0.19 ]
[ −0.39 , 0.36 ]
[ 0.08 , 0.91 ]
[ 0.08 , 0.73 ]
[ −0.39 , 0.23 ]
[ −0.02 , 0.89 ]
[ −0.38 , 0.39 ]

0.05 [ −0.17 , 0.27 ]

Sedges − Cover
Eriksson et al. 2007, Moss-rich forest, Tavvavuoma
Eriksson et al. 2007, Moss-rich forest, Långfjället
Eriksson et al. 2007, Moss-rich forest, Fulufjället
Eriksson et al. 2007, Low forb meadow, Ritsem
Eriksson et al. 2007, Lichen-rich forest, Tavvavuoma
Eriksson et al. 2007, Dry heath, Tavvavuoma
Eriksson et al. 2007, Dry heath, Sonfjället
Eriksson et al. 2007, Dry heath, Ritsem
Eriksson et al. 2007, Dry heath, Långfjället
Eriksson et al. 2007, Grass heath, Långfjället

−1.24
1.28
−0.48
0.09
−0.75
0.93
−0.45
1.56
0.32
0.42

Sedges, cover: random effects model

[ −2.99 ,
[ −0.48 ,
[ −2.11 ,
[ −1.51 ,
[ −2.41 ,
[ −0.76 ,
[ −2.07 ,
[ −0.26 ,
[ −1.29 ,
[ −1.20 ,

0.51 ]
3.03 ]
1.14 ]
1.70 ]
0.90 ]
2.61 ]
1.17 ]
3.39 ]
1.93 ]
2.04 ]

0.14 [ −0.42 , 0.70 ]

Sedges − Biomass
Ravolainen et al. 2011, Vestre Jakobselv
Ravolainen et al. 2011, Komagelva
Ravolainen et al. 2010, Norwegian herding districts 27 and 28
Ravolainen et al. 2010, Norwegian herding districts 20 and 21
Ravolainen et al. 2010, Norwegian herding districts 6 and 7

0.14
0.54
−0.52
0.00
0.33

Sedges, biomass: random effects model

[ −1.47 ,
[ −1.09 ,
[ −1.46 ,
[ −0.77 ,
[ −0.46 ,

1.74 ]
2.16 ]
0.42 ]
0.77 ]
1.13 ]

0.04 [ −0.40 , 0.48 ]

Sedges − Abundance
Moen et al. 2009, Grass heath, Handölsdalen
Moen et al. 2009, Dry heath, Handölsdalen

0.45 [ −0.95 , 1.85 ]
−0.35 [ −1.60 , 0.90 ]

Sedges, abundance: random effects model

0.00 [ −0.93 , 0.94 ]

Grasses, silica-rich − Biomass
Ravolainen et al. 2011, Vestre Jakobselv
Ravolainen et al. 2011, Komagelva

0.09 [ −1.51 , 1.69 ]
1.08 [ −0.63 , 2.79 ]

Grasses, silica-rich, biomass: random effects model

0.55 [ −0.62 , 1.72 ]

Grasses − Cover
Eriksson et al. 2007, Moss-rich forest, Tavvavuoma
Eriksson et al. 2007, Moss-rich forest, Sonfjället
Eriksson et al. 2007, Moss-rich forest, Långfjället
Eriksson et al. 2007, Moss-rich forest, Fulufjället
Eriksson et al. 2007, Low forb meadow, Ritsem
Eriksson et al. 2007, Lichen-rich forest, Tavvavuoma
Eriksson et al. 2007, Lichen-rich forest, Fulufjället
Eriksson et al. 2007, Dry heath, Tavvavuoma
Eriksson et al. 2007, Dry heath, Sonfjället
Eriksson et al. 2007, Dry heath, Ritsem
Eriksson et al. 2007, Dry heath, Långfjället
Eriksson et al. 2007, Dry heath, Fulufjället
Eriksson et al. 2007, Grass heath, Långfjället

−1.25
−0.16
0.26
0.17
−0.19
−0.14
0.28
0.57
0.06
−0.17
0.46
−0.21
0.58

Grasses, cover: random effects model

[ −3.00 ,
[ −1.77 ,
[ −1.35 ,
[ −1.43 ,
[ −1.79 ,
[ −1.74 ,
[ −1.33 ,
[ −1.07 ,
[ −1.54 ,
[ −1.77 ,
[ −1.16 ,
[ −1.82 ,
[ −1.05 ,

0.50 ]
1.44 ]
1.87 ]
1.77 ]
1.42 ]
1.46 ]
1.89 ]
2.20 ]
1.66 ]
1.44 ]
2.08 ]
1.39 ]
2.22 ]

0.03 [ −0.42 , 0.48 ]
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−3

−2

−1

0
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2
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Standardised mean difference between high- and low-exposure data
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Graminoids, continued
Grasses − Biomass
Ravolainen et al. 2011, Vestre Jakobselv
Ravolainen et al. 2011, Komagelva
Ravolainen et al. 2010, Norwegian herding districts 27 and 28
Ravolainen et al. 2010, Norwegian herding districts 20 and 21
Ravolainen et al. 2010, Norwegian herding districts 6 and 7

0.19
0.18
−0.51
0.01
0.68

Grasses, biomass: random effects model

[ −1.41 ,
[ −1.43 ,
[ −1.44 ,
[ −0.75 ,
[ −0.13 ,

1.80 ]
1.78 ]
0.43 ]
0.78 ]
1.50 ]

0.12 [ −0.32 , 0.57 ]

Grasses − Abundance
Moen et al. 2009, Grass heath, Handölsdalen
Moen et al. 2009, Dry heath, Handölsdalen
Grellmann 2002, Joatka
Bråthen et al. 2007, Norwegian herding districts 13 and 14
Bråthen et al. 2007, Norwegian herding districts 16C and 14A
Bråthen et al. 2007, Norwegian herding districts 16A and 16B
Bråthen et al. 2007, Norwegian herding districts 20 and 21
Bråthen et al. 2007, Norwegian herding districts 24B and 24A
Bråthen et al. 2007, Norwegian herding districts 29 and 28
Bråthen et al. 2007, Norwegian herding districts 27 and 32
Bråthen et al. 2007, Norwegian herding districts 40 and 33
Bråthen et al. 2007, Norwegian herding districts 34 and 35B
Bråthen et al. 2007, Norwegian herding districts 35A and 36

0.44
1.00
−0.19
−0.24
−0.09
0.02
−0.20
−0.86
−0.51
−0.20
−0.22
−0.78
−0.01

Grasses, abundance: random effects model

−0.25 [ −0.46 , −0.03 ]

[ −0.96 , 1.84 ]
[ −0.31 , 2.32 ]
[ −1.58 , 1.20 ]
[ −0.52 , 0.04 ]
[ −0.35 , 0.17 ]
[ −0.28 , 0.33 ]
[ −0.53 , 0.13 ]
[ −1.25 , −0.47 ]
[ −0.93 , −0.09 ]
[ −0.52 , 0.13 ]
[ −0.53 , 0.09 ]
[ −1.25 , −0.32 ]
[ −0.40 , 0.37 ]

Graminoids (non−forage) − Cover
Manseau et al. 1996, Dwarf birch stands, Rivière George

−0.23 [ −1.46 , 1.00 ]

Graminoids (forage) − Cover
Manseau et al. 1996, Dwarf birch stands, Rivière George

0.61 [ −0.65 , 1.86 ]

Graminoids − Cover
Jandt et al. 2003, Buckland Valley
Nellemann et al. 2001, Nordfjella
Manseau et al. 1996, Shrub tundra, Rivière George
Tømmervik et al. 2012, Finnmarksvidda
Olofsson et al. 2001, Čearro
Olofsson et al. 2001, Siččajávri
Olofsson et al. 2001, Lagisduoddar
Olofsson et al. 2001, Raisduoddar
Eskelinen & Oksanen 2006, Saana

1.16
0.57
0.87
−1.73
−0.15
0.60
0.20
1.13
0.39

Graminoids, cover: random effects model

[ 0.45 , 1.86 ]
[ −0.33 , 1.47 ]
[ −0.41 , 2.15 ]
[ −2.19 , −1.27 ]
[ −1.53 , 1.24 ]
[ −0.47 , 1.68 ]
[ −1.19 , 1.59 ]
[ −0.36 , 2.62 ]
[ −0.18 , 0.96 ]

0.25 [ −0.31 , 0.81 ]

Graminoids − Biomass
Manseau et al. 1996, Shrub tundra, Rivière George
Olofsson et al. 2001, Raisduoddar

0.67 [ −0.56 , 1.90 ]
3.85 [ 1.51 , 6.19 ]

Graminoids, biomass: random effects model

2.10 [ −1.00 , 5.20 ]

Graminoids − Abundance
Grellmann 2002, Joatka
Post & Pedersen 2008, Kangerlussuaq

0.08 [ −1.31 , 1.46 ]
1.54 [ 0.25 , 2.82 ]

Graminoids, abundance: random effects model

0.83 [ −0.60 , 2.26 ]

Overall random effects model

0.02 [ −0.12 , 0.15 ]
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−2
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0
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Standardised mean difference between high- and low-exposure data

4

5

6

Woody plants
Trees, preferred − Abundance
−0.13 [ −0.83 , 0.56 ]

Bråthen & Oksanen 2001, Joahkonjárga

Trees − Cover
−0.39
0.10
−0.46
1.55
0.43
1.67
−0.93
1.62

Eriksson et al. 2007, Moss-rich forest, Tavvavuoma
Eriksson et al. 2007, Moss-rich forest, Sonfjället
Eriksson et al. 2007, Moss-rich forest, Långfjället
Eriksson et al. 2007, Moss-rich forest, Fulufjället
Eriksson et al. 2007, Lichen-rich forest, Tavvavuoma
Eriksson et al. 2007, Lichen-rich forest, Fulufjället
Eriksson et al. 2007, Dry heath, Sonfjället
Eriksson et al. 2007, Grass heath, Långfjället
Trees, cover: random effects model

[ −2.00 ,
[ −1.50 ,
[ −2.08 ,
[ −0.27 ,
[ −1.19 ,
[ −0.19 ,
[ −2.61 ,
[ −0.23 ,

1.23 ]
1.70 ]
1.16 ]
3.38 ]
2.04 ]
3.52 ]
0.75 ]
3.46 ]

0.38 [ −0.34 , 1.10 ]

Shrubs, evergreen − Biomass
0.77 [ −0.19 , 1.72 ]
−0.13 [ −0.90 , 0.64 ]
0.61 [ −0.19 , 1.42 ]

Ravolainen et al. 2010, Norwegian herding districts 27 and 28
Ravolainen et al. 2010, Norwegian herding districts 20 and 21
Ravolainen et al. 2010, Norwegian herding districts 6 and 7
Shrubs, evergreen, biomass: random effects model

0.37 [ −0.17 , 0.91 ]

Shrubs, evergreen − Abundance
0.06
0.32
−0.06
−0.14
0.53
1.00
−0.60
−0.07
−0.75
−0.20

Bråthen et al. 2007, Norwegian herding districts 13 and 14
Bråthen et al. 2007, Norwegian herding districts 16C and 14A
Bråthen et al. 2007, Norwegian herding districts 16A and 16B
Bråthen et al. 2007, Norwegian herding districts 20 and 21
Bråthen et al. 2007, Norwegian herding districts 24B and 24A
Bråthen et al. 2007, Norwegian herding districts 29 and 28
Bråthen et al. 2007, Norwegian herding districts 27 and 32
Bråthen et al. 2007, Norwegian herding districts 40 and 33
Bråthen et al. 2007, Norwegian herding districts 34 and 35B
Bråthen et al. 2007, Norwegian herding districts 35A and 36
Shrubs, evergreen, abundance: random effects model

[ −0.22 , 0.34 ]
[ 0.06 , 0.59 ]
[ −0.37 , 0.24 ]
[ −0.47 , 0.19 ]
[ 0.15 , 0.91 ]
[ 0.56 , 1.43 ]
[ −0.93 , −0.27 ]
[ −0.38 , 0.24 ]
[ −1.22 , −0.29 ]
[ −0.59 , 0.19 ]

0.01 [ −0.31 , 0.33 ]

Shrubs, deciduous − Cover
Eriksson et al. 2007, Moss-rich forest, Tavvavuoma
Eriksson et al. 2007, Moss-rich forest, Sonfjället
Eriksson et al. 2007, Moss-rich forest, Långfjället
Eriksson et al. 2007, Moss-rich forest, Fulufjället
Eriksson et al. 2007, Low forb meadow, Ritsem
Eriksson et al. 2007, Lichen-rich forest, Tavvavuoma
Eriksson et al. 2007, Lichen-rich forest, Fulufjället
Eriksson et al. 2007, Dry heath, Tavvavuoma
Eriksson et al. 2007, Dry heath, Sonfjället
Eriksson et al. 2007, Dry heath, Ritsem
Eriksson et al. 2007, Dry heath, Långfjället
Eriksson et al. 2007, Dry heath, Fulufjället
Eriksson et al. 2007, Grass heath, Långfjället

−0.85
0.35
−0.33
1.32
−0.41
−0.22
0.15
−0.63
0.01
−0.48
−0.72
−0.19
0.63

[ −2.52 ,
[ −1.27 ,
[ −1.94 ,
[ −0.44 ,
[ −2.03 ,
[ −1.82 ,
[ −1.45 ,
[ −2.27 ,
[ −1.59 ,
[ −2.10 ,
[ −2.37 ,
[ −1.79 ,
[ −1.01 ,

0.82 ]
1.96 ]
1.28 ]
3.09 ]
1.21 ]
1.39 ]
1.75 ]
1.01 ]
1.61 ]
1.15 ]
0.93 ]
1.42 ]
2.27 ]

Shrubs, deciduous, cover: random effects model

−0.12 [ −0.57 , 0.34 ]

Shrubs, deciduous − Biomass
Ravolainen et al. 2011, Vestre Jakobselv
Ravolainen et al. 2011, Komagelva
Ravolainen et al. 2010, Norwegian herding districts 27 and 28
Ravolainen et al. 2010, Norwegian herding districts 20 and 21
Ravolainen et al. 2010, Norwegian herding districts 6 and 7

−0.74
−0.12
−0.68
−0.98
1.31

[ −2.39 , 0.92 ]
[ −1.72 , 1.48 ]
[ −1.63 , 0.27 ]
[ −1.80 , −0.17 ]
[ 0.44 , 2.17 ]

Shrubs, deciduous, biomass: random effects model

−0.20 [ −0.98 , 0.58 ]

Shrubs, deciduous − Abundance
Moen et al. 2009, Grass heath, Handölsdalen
Moen et al. 2009, Dry heath, Handölsdalen
Bråthen et al. 2007, Norwegian herding districts 13 and 14
Bråthen et al. 2007, Norwegian herding districts 16C and 14A
Bråthen et al. 2007, Norwegian herding districts 16A and 16B
Bråthen et al. 2007, Norwegian herding districts 20 and 21
Bråthen et al. 2007, Norwegian herding districts 24B and 24A
Bråthen et al. 2007, Norwegian herding districts 29 and 28
Bråthen et al. 2007, Norwegian herding districts 27 and 32
Bråthen et al. 2007, Norwegian herding districts 40 and 33
Bråthen et al. 2007, Norwegian herding districts 34 and 35B
Bråthen et al. 2007, Norwegian herding districts 35A and 36
Post & Pedersen 2008, Kangerlussuaq

−0.78
0.37
−0.17
0.02
0.69
−0.99
0.09
−0.23
−0.61
0.50
−1.08
−0.11
−1.90

Shrubs, deciduous, abundance: random effects model

−0.25 [ −0.63 , 0.13 ]
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Standardised mean difference between high- and low-exposure data
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[ −2.22 , 0.66 ]
[ −0.88 , 1.62 ]
[ −0.45 , 0.11 ]
[ −0.24 , 0.28 ]
[ 0.38 , 1.01 ]
[ −1.34 , −0.64 ]
[ −0.29 , 0.47 ]
[ −0.64 , 0.18 ]
[ −0.94 , −0.28 ]
[ 0.19 , 0.82 ]
[ −1.57 , −0.60 ]
[ −0.50 , 0.28 ]
[ −3.26 , −0.53 ]

Woody plants, continued
Shrubs (non−forage) − Cover
Manseau et al. 1996, Dwarf birch stands, Rivière George
Manseau et al. 1996, Shrub tundra, Rivière George

0.55 [ −0.70 , 1.80 ]
−2.28 [ −3.83 , −0.72 ]

Shrubs (non−forage), cover: random effects model

−0.82 [ −3.59 , 1.94 ]

Shrubs (forage; total cover) − Cover
0.47 [ −0.78 , 1.71 ]

Manseau et al. 1996, Shrub tundra, Rivière George

Shrubs ( > 0.3 m, forage) − Cover
−2.34 [ −3.91 , −0.77 ]

Manseau et al. 1996, Dwarf birch stands, Rivière George

Shrubs ( > 0.3 m) − Biomass
Manseau et al. 1996, Dwarf birch stands,

−3.47 [ −5.30 , −1.63 ]

Rivière George

Shrubs ( < 0.3 m, forage) − Cover
−0.37 [ −1.61 , 0.87 ]

Manseau et al. 1996, Dwarf birch stands, Rivière George

Shrubs ( < 0.3 m) − Biomass
−1.38 [ −2.71 , −0.06 ]

Manseau et al. 1996, Dwarf birch stands, Rivière George

Shrubs − Cover
0.53 [ −0.13 , 1.20 ]

Jandt et al. 2003, Buckland Valley

Shrubs − Biomass
0.02 [ −1.18 , 1.22 ]

Manseau et al. 1996, Shrub tundra, Rivière George

Evergreen woody plants − Abundance
Grellmann 2002, Joatka

0.94 [ −0.52 , 2.40 ]

Ericoids, less preferred − Abundance
0.03 [ −0.66 , 0.73 ]

Bråthen & Oksanen 2001, Joahkonjárga

Ericoids, deciduous − Abundance
Bråthen et al. 2007, Norwegian herding districts 13 and 14
Bråthen et al. 2007, Norwegian herding districts 16C and 14A
Bråthen et al. 2007, Norwegian herding districts 16A and 16B
Bråthen et al. 2007, Norwegian herding districts 20 and 21
Bråthen et al. 2007, Norwegian herding districts 24B and 24A
Bråthen et al. 2007, Norwegian herding districts 29 and 28
Bråthen et al. 2007, Norwegian herding districts 27 and 32
Bråthen et al. 2007, Norwegian herding districts 40 and 33
Bråthen et al. 2007, Norwegian herding districts 34 and 35B
Bråthen et al. 2007, Norwegian herding districts 35A and 36

−0.03
−0.01
0.39
−0.58
−0.10
−0.04
−0.44
0.09
−0.78
−0.46

[ −0.31 , 0.25 ]
[ −0.27 , 0.25 ]
[ 0.08 , 0.70 ]
[ −0.91 , −0.24 ]
[ −0.47 , 0.28 ]
[ −0.45 , 0.37 ]
[ −0.77 , −0.11 ]
[ −0.22 , 0.40 ]
[ −1.25 , −0.31 ]
[ −0.86 , −0.07 ]

Ericoids, deciduous, abundance: random effects model

−0.18 [ −0.40 , 0.04 ]

Dwarf shrubs, evergreen − Abundance
Moen et al. 2009, Grass heath, Handölsdalen
Moen et al. 2009, Dry heath, Handölsdalen

0.00 [ −1.38 , 1.39 ]
−0.65 [ −1.92 , 0.62 ]

Dwarf shrubs, evergreen, abundance: random effects model

−0.35 [ −1.29 , 0.59 ]

Dwarf shrubs − Cover
Olofsson et al. 2001, Čearro
Olofsson et al. 2001, Siččajávri
Olofsson et al. 2001, Lagisduoddar
Olofsson et al. 2001, Raisduoddar

−0.52
−0.56
0.47
−0.90

[ −1.93 ,
[ −1.63 ,
[ −0.94 ,
[ −2.35 ,

0.89 ]
0.51 ]
1.87 ]
0.55 ]

Dwarf shrubs, cover: random effect model

−0.40 [ −1.05 , 0.25 ]

Dwarf shrubs − Biomass
−2.99 [ −5.00 , −0.97 ]

Olofsson et al. 2001, Raisduoddar

Woody plants − Cover
Tømmervik et al. 2012, Finnmarksvidda

0.71 [ 0.30 , 1.11 ]

Deciduous woody plants − Abundance
Grellmann 2002, Joatka

−0.17 [ −1.56 , 1.22 ]

Overall random effect model

−0.14 [ −0.32 , 0.03 ]
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Standardised mean difference between high- and low-exposure data

4

Lichens
Cover
Eriksson et al. 2007, Moss-rich forest, Tavvavuoma
Eriksson et al. 2007, Moss-rich forest, Sonfjället
Eriksson et al. 2007, Moss-rich forest, Långfjället
Eriksson et al. 2007, Moss-rich forest, Fulufjället
Eriksson et al. 2007, Low forb meadow, Ritsem
Eriksson et al. 2007, Lichen-rich forest, Tavvavuoma
Eriksson et al. 2007, Lichen-rich forest, Fulufjället
Eriksson et al. 2007, Dry heath, Tavvavuoma
Eriksson et al. 2007, Dry heath, Sonfjället
Eriksson et al. 2007, Dry heath, Ritsem
Eriksson et al. 2007, Dry heath, Långfjället
Eriksson et al. 2007, Dry heath, Fulufjället
Eriksson et al. 2007, Grass heath, Långfjället
Jandt et al. 2003, Buckland Valley
Nellemann et al. 2001, Nordfjella
Hansen et al. 2007, Brøggerhalvøya
Bråthen et al. 2007, Norwegian herding districts 13 and 14
Bråthen et al. 2007, Norwegian herding districts 16C and 14A
Bråthen et al. 2007, Norwegian herding districts 16A and 16B
Bråthen et al. 2007, Norwegian herding districts 20 and 21
Bråthen et al. 2007, Norwegian herding districts 24B and 24A
Bråthen et al. 2007, Norwegian herding districts 29 and 28
Bråthen et al. 2007, Norwegian herding districts 27 and 32
Bråthen et al. 2007, Norwegian herding districts 40 and 33
Bråthen et al. 2007, Norwegian herding districts 34 and 35B
Bråthen et al. 2007, Norwegian herding districts 35A and 36
Manseau et al. 1996, Dwarf birch stands, Rivière George
Manseau et al. 1996, Shrub tundra, R. George
Ravolainen et al. 2010, Norwegian herding districts 27 and 28
Ravolainen et al. 2010, Norwegian herding districts 20 and 21
Ravolainen et al. 2010, Norwegian herding districts 6 and 7
Tømmervik et al. 2012, Finnmarksvidda
Olofsson et al. 2009, Tundra, Vássijávri
Olofsson et al. 2009, Forest, Vássijávri
Olofsson et al. 2009, Tundra, Abisko
Olofsson et al. 2009, Forest, Abisko
Olofsson et al. 2009, Tundra, Seiland
Olofsson et al. 2009, Tundra, Joatka
Olofsson et al. 2009, Forest, Joatka
Olofsson 2006, Raisduoddar
Olofsson 2006, Lagisduoddar
Olofsson et al. 2001, Čearro
Olofsson et al. 2001, Siččajávri
Olofsson et al. 2001, Lagisduoddar
Olofsson et al. 2001, Raisduoddar
Eskelinen & Oksanen 2006, Saana

−0.49
0.14
0.19
−0.85
1.64
−0.47
−0.40
−1.20
0.49
0.66
−0.09
−0.91
−0.04
−1.03
−7.21
−4.06
0.36
0.77
0.06
0.16
0.34
0.13
−0.27
0.08
−0.27
−0.36
0.39
−8.41
−0.07
0.31
−0.03
−1.03
0.00
−0.69
−0.36
−0.52
−0.71
−1.58
−1.02
−1.21
−0.65
−1.99
−0.13
−0.98
−0.14
−0.52

Cover: random effects model

−0.58 [ −1.08 , −0.07 ]

[ −2.11 ,
[ −1.46 ,
[ −1.42 ,
[ −2.52 ,
[ −0.21 ,
[ −2.10 ,
[ −2.02 ,
[ −2.94 ,
[ −1.13 ,
[ −0.98 ,
[ −1.69 ,
[ −2.59 ,
[ −1.64 ,
[ −1.73 ,
[ −9.21 ,
[ −4.24 ,
[ 0.08 ,
[ 0.51 ,
[ −0.24 ,
[ −0.17 ,
[ −0.04 ,
[ −0.28 ,
[ −0.59 ,
[ −0.23 ,
[ −0.72 ,
[ −0.75 ,
[ −0.85 ,
[−12.13 ,
[ −1.00 ,
[ −0.46 ,
[ −0.82 ,
[ −1.45 ,
[ −1.60 ,
[ −2.34 ,
[ −1.97 ,
[ −2.15 ,
[ −2.36 ,
[ −3.41 ,
[ −2.72 ,
[ −2.56 ,
[ −1.93 ,
[ −3.68 ,
[ −1.18 ,
[ −2.44 ,
[ −1.53 ,
[ −1.10 ,

1.13 ]
1.75 ]
1.79 ]
0.82 ]
3.49 ]
1.15 ]
1.21 ]
0.54 ]
2.12 ]
2.30 ]
1.52 ]
0.77 ]
1.56 ]
−0.34 ]
−5.20 ]
−3.87 ]
0.65 ]
1.04 ]
0.37 ]
0.49 ]
0.72 ]
0.55 ]
0.06 ]
0.39 ]
0.19 ]
0.03 ]
1.63 ]
−4.69 ]
0.85 ]
1.08 ]
0.76 ]
−0.62 ]
1.60 ]
0.96 ]
1.26 ]
1.11 ]
0.94 ]
0.25 ]
0.68 ]
0.13 ]
0.62 ]
−0.29 ]
0.92 ]
0.49 ]
1.25 ]
0.05 ]

Biomass
Vistnes et al. 2004, Nord-Ottadalen
Vistnes et al. 2004, Snøhetta
Vistnes et al. 2004, Rondane

−5.69
−3.09
−0.44
−16.89
−4.30

Nellemann et al. 2001, Nordfjella
Manseau et al. 1996, Shrub tundra, Rivière George
Biomass: random effects model

[ −8.05 , −3.34 ]
[ −4.64 , −1.54 ]
[ −1.50 , 0.62 ]
[−21.19 ,−12.59 ]
[ −6.40 , −2.21 ]

−5.87 [−11.42 , −0.31 ]

Productivity
Manseau et al. 1996, Dwarf birch stands, R. George

−14.66 [−20.64 , −8.67 ]

Abundance
Moen et al. 2009, Grass heath, Handölsdalen
Moen et al. 2009, Dry heath, Handölsdalen
Grellmann 2002, Joatka
Abundance: random effects model

Overall random effects model

−20

−15

0.74 [ −0.69 ,
−0.22 [ −1.47 ,
0.67 [ −0.75 ,

2.18 ]
1.02 ]
2.09 ]

0.34 [ −0.45 ,

1.12 ]

−1.14 [ −2.03 , −0.25 ]

−10

−5

0

5

Standardised mean difference between high- and low-exposure data

Bryophytes
Liverworts − Cover
0.01
−0.09
0.81
0.38
−1.04
0.54
−0.20
0.46
1.48
−0.12
−1.33
0.00
0.16
0.10
0.00
0.94
0.00
−0.80

Eriksson et al. 2007, Moss-rich forest, Tavvavuoma
Eriksson et al. 2007, Moss-rich forest, Sonfjället
Eriksson et al. 2007, Moss-rich forest, Långfjället
Eriksson et al. 2007, Moss-rich forest, Fulufjället
Eriksson et al. 2007, Low forb meadow, Ritsem
Eriksson et al. 2007, Lichen-rich forest, Tavvavuoma
Eriksson et al. 2007, Lichen-rich forest, Fulufjället
Eriksson et al. 2007, Dry heath, Tavvavuoma
Eriksson et al. 2007, Dry heath, Långfjället
Eriksson et al. 2007, Dry heath, Fulufjället
Eriksson et al. 2007, Grass heath, Långfjället
Olofsson et al. 2009, Tundra, Vássijávri
Olofsson et al. 2009, Forest, Vássijávri
Olofsson et al. 2009, Tundra, Abisko
Olofsson et al. 2009, Forest, Abisko
Olofsson et al. 2009, Tundra, Seiland
Olofsson et al. 2009, Tundra, Joatka
Olofsson et al. 2009, Forest, Joatka
Liverworts, cover: random effects model

[ −1.59 ,
[ −1.69 ,
[ −0.86 ,
[ −1.23 ,
[ −2.74 ,
[ −1.09 ,
[ −1.80 ,
[ −1.16 ,
[ −0.32 ,
[ −1.73 ,
[ −3.10 ,
[ −1.60 ,
[ −1.44 ,
[ −1.50 ,
[ −1.60 ,
[ −0.75 ,
[ −1.60 ,
[ −2.46 ,

1.61 ]
1.51 ]
2.47 ]
2.00 ]
0.67 ]
2.17 ]
1.40 ]
2.08 ]
3.29 ]
1.48 ]
0.44 ]
1.60 ]
1.77 ]
1.70 ]
1.60 ]
2.63 ]
1.60 ]
0.86 ]

0.07 [ −0.32 , 0.46 ]

Liverworts − Abundance
Moen et al. 2009, Grass heath, Handölsdalen
Moen et al. 2009, Dry heath, Handölsdalen

0.34 [ −1.05 , 1.74 ]
−1.75 [ −3.21 , −0.30 ]

Liverworts, abundance: random effects model

−0.69 [ −2.75 , 1.36 ]

Bryophytes − Height
−0.50 [ −1.13 , 0.12 ]

van der Wal & Brooker 2004, Semmeldalen

Bryophytes − Cover
0.07
0.88
0.76
0.13
0.09
−0.63
−0.41
−0.33
−0.60
−0.38
0.69
1.32
−0.19
0.68
−0.65
0.03
−0.79
0.40
0.30
−0.24
0.20

Bråthen et al. 2007, Norwegian herding districts 13 and 14
Bråthen et al. 2007, Norwegian herding districts 16C and 14A
Bråthen et al. 2007, Norwegian herding districts 16A and 16B
Bråthen et al. 2007, Norwegian herding districts 20 and 21
Bråthen et al. 2007, Norwegian herding districts 24B and 24A
Bråthen et al. 2007, Norwegian herding districts 29 and 28
Bråthen et al. 2007, Norwegian herding districts 27 and 32
Bråthen et al. 2007, Norwegian herding districts 40 and 33
Bråthen et al. 2007, Norwegian herding districts 34 and 35B
Bråthen et al. 2007, Norwegian herding districts 35A and 36
Ravolainen et al. 2011, Vestre Jakobselv
Ravolainen et al. 2011, Komagelva
Ravolainen et al. 2010, Norwegian herding districts 27 and 28
Ravolainen et al. 2010, Norwegian herding districts 20 and 21
Ravolainen et al. 2010, Norwegian herding districts 6 and 7
Tømmervik et al. 2012, Finnmarksvidda
Olofsson et al. 2001, Čearro
Olofsson et al. 2001, Siččajávri
Olofsson et al. 2001, Lagisduoddar
Olofsson et al. 2001, Raisduoddar
Eskelinen & Oksanen 2006, Saana
Bryophytes, cover: random effects model

[ −0.21 , 0.35 ]
[ 0.61 , 1.15 ]
[ 0.45 , 1.08 ]
[ −0.20 , 0.46 ]
[ −0.28 , 0.47 ]
[ −1.05 , −0.21 ]
[ −0.74 , −0.08 ]
[ −0.64 , −0.02 ]
[ −1.07 , −0.14 ]
[ −0.77 , 0.01 ]
[ −0.96 , 2.33 ]
[ −0.45 , 3.08 ]
[ −1.12 , 0.73 ]
[ −0.11 , 1.47 ]
[ −1.46 , 0.16 ]
[ −0.36 , 0.42 ]
[ −2.22 , 0.65 ]
[ −0.66 , 1.46 ]
[ −1.09 , 1.69 ]
[ −1.63 , 1.15 ]
[ −0.37 , 0.76 ]

0.02 [ −0.18 , 0.22 ]

Bryophytes − Biomass
−1.46 [ −3.02 , 0.10 ]

Olofsson et al. 2001, Raisduoddar

Bryophytes − Abundance
0.19 [ −1.20 , 1.58 ]
−1.63 [ −3.06 , −0.20 ]
2.74 [ 0.81 , 4.66 ]

Moen et al. 2009, Grass heath, Handölsdalen
Moen et al. 2009, Dry heath, Handölsdalen
Grellmann 2002, Joatka
Bryophytes, abundance: random effects model

0.36 [ −2.12 , 2.84 ]

Overall random effects model

−0.02 [ −0.23 , 0.18 ]
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Standardised mean difference between high- and low-exposure data
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Bare ground cover
Mean and 95% C.I.
−0.41
−0.10
−0.46
1.62
−0.22
0.56
0.85
2.13
0.89
0.05
−0.49
0.15
0.38
−0.25
0.36
0.61
−0.13
−0.49
1.31
1.92
3.92
−0.27
−0.37
−1.84
−0.76
0.03
0.06
−0.02
0.32
0.56
0.75
0.15
0.00
−0.47

Olofsson et al. 2001, Raisduoddar
Olofsson et al. 2001, Lagisduoddar
Olofsson et al. 2001, Siččajávri
Olofsson et al. 2001, Čearro
Ravolainen et al. 2010, Norwegian herding districts 6 and 7
Ravolainen et al. 2010, Norwegian herding districts 20 and 21
Ravolainen et al. 2010, Norwegian herding districts 27 and 28
Manseau et al. 1996, Shrub tundra, Rivière George
Manseau et al. 1996, Dwarf birch stands, Rivière George
Bråthen et al. 2007, Norwegian herding districts 13 and 14
Bråthen et al. 2007, Norwegian herding districts 16C and 14A
Bråthen et al. 2007, Norwegian herding districts 16A and 16B
Bråthen et al. 2007, Norwegian herding districts 20 and 21
Bråthen et al. 2007, Norwegian herding districts 24B and 24A
Bråthen et al. 2007, Norwegian herding districts 29 and 28
Bråthen et al. 2007, Norwegian herding districts 27 and 32
Bråthen et al. 2007, Norwegian herding districts 40 and 33
Bråthen et al. 2007, Norwegian herding districts 34 and 35B
Bråthen et al. 2007, Norwegian herding districts 35A and 36
Vistnes et al. 2004, Snøhetta
Vistnes et al. 2004, Nord-Ottadalen
Jandt et al. 2003, Buckland Valley
Eriksson et al. 2007, Grass heath, Långfjället
Eriksson et al. 2007, Dry heath, Fulufjället
Eriksson et al. 2007, Dry heath, Långfjället
Eriksson et al. 2007, Dry heath, Ritsem
Eriksson et al. 2007, Dry heath, Sonfjället
Eriksson et al. 2007, Dry heath, Tavvavuoma
Eriksson et al. 2007, Lichen-rich forest, Fulufjället
Eriksson et al. 2007, Lichen-rich forest, Tavvavuoma
Eriksson et al. 2007, Low forb meadow, Ritsem
Eriksson et al. 2007, Moss-rich forest, Fulufjället
Eriksson et al. 2007, Moss-rich forest, Långfjället
Eriksson et al. 2007, Moss-rich forest, Sonfjället

[ −1.82 , 0.99 ]
[ −1.49 , 1.28 ]
[ −1.53 , 0.60 ]
[ 0.02 , 3.21 ]
[ −1.01 , 0.57 ]
[ −0.22 , 1.35 ]
[ −0.11 , 1.82 ]
[ 0.61 , 3.64 ]
[ −0.40 , 2.17 ]
[ −0.23 , 0.33 ]
[ −0.75 , −0.23 ]
[ −0.16 , 0.45 ]
[ 0.05 , 0.71 ]
[ −0.63 , 0.13 ]
[ −0.05 , 0.78 ]
[ 0.28 , 0.94 ]
[ −0.44 , 0.18 ]
[ −0.95 , −0.03 ]
[ 0.88 , 1.74 ]
[ 0.66 , 3.19 ]
[ 2.13 , 5.72 ]
[ −0.92 , 0.39 ]
[ −1.99 , 1.24 ]
[ −3.75 , 0.07 ]
[ −2.42 , 0.89 ]
[ −1.57 , 1.63 ]
[ −1.54 , 1.66 ]
[ −1.62 , 1.58 ]
[ −1.29 , 1.93 ]
[ −1.07 , 2.19 ]
[ −0.90 , 2.41 ]
[ −1.45 , 1.76 ]
[ −1.60 , 1.60 ]
[ −2.10 , 1.15 ]

0.27 [ −0.06 , 0.59 ]

Random effects model
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Standardised mean difference between high- and low-exposure data

See Additional ﬁle 5 for full citations of included articles.
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Additional file 7. Forest plots, species richness.

Vascular plant species richness
Mean and 95% C.I.
Eskelinen & Oksanen 2006, Saana
Olofsson et al. 2001, Čearro
Ravolainen et al. 2010, Norwegian herding districts 6 and 7
Ravolainen et al. 2010, Norwegian herding districts 20 and 21
Ravolainen et al. 2010, Norwegian herding districts 27 and 28
Kitti et al. 2009, Jávressduottar
Bråthen et al. 2007, Norwegian herding districts 13 and 14
Bråthen et al. 2007, Norwegian herding districts 16C and 14A
Bråthen et al. 2007, Norwegian herding districts 16A and 16B
Bråthen et al. 2007, Norwegian herding districts 20 and 21
Bråthen et al. 2007, Norwegian herding districts 24B and 24A
Bråthen et al. 2007, Norwegian herding districts 29 and 28
Bråthen et al. 2007, Norwegian herding districts 27 and 32
Bråthen et al. 2007, Norwegian herding districts 40 and 33
Bråthen et al. 2007, Norwegian herding districts 34 and 35B
Bråthen et al. 2007, Norwegian herding districts 35A and 36
Moen et al. 2009, Dry heath, Handölsdalen
Moen et al. 2009, Grass heath, Handölsdalen
Eriksson et al. 2007, Grass heath, Långfjället
Eriksson et al. 2007, Dry heath, Fulufjället
Eriksson et al. 2007, Dry heath, Långfjället
Eriksson et al. 2007, Dry heath, Ritsem
Eriksson et al. 2007, Dry heath, Sonfjället
Eriksson et al. 2007, Dry heath, Tavvavuoma
Eriksson et al. 2007, Lichen-rich forest, Fulufjället
Eriksson et al. 2007, Lichen-rich forest, Tavvavuoma
Eriksson et al. 2007, Low forb meadow, Ritsem
Eriksson et al. 2007, Moss-rich forest, Fulufjället
Eriksson et al. 2007, Moss-rich forest, Långfjället
Eriksson et al. 2007, Moss-rich forest, Sonfjället
Eriksson et al. 2007, Moss-rich forest, Tavvavuoma

−0.30
0.09
−0.10
0.29
−0.62
0.32
−0.16
−0.12
0.32
−0.58
−1.02
−0.53
0.13
−0.22
−0.68
0.61
0.61
0.00
−0.85
0.13
−0.24
−0.29
−0.76
−0.30
0.69
−1.55
−0.10
1.00
1.32
0.60
−0.09

Random effects model

−0.15 [ −0.25 , −0.06 ]

−4

−3

−2

−1

0

1

2

Standardised mean difference between high- and low-exposure data
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[ −0.87 , 0.27 ]
[ −1.30 , 1.47 ]
[ −0.89 , 0.69 ]
[ −0.49 , 1.06 ]
[ −1.57 , 0.32 ]
[ −0.49 , 1.12 ]
[ −0.45 , 0.12 ]
[ −0.38 , 0.14 ]
[ 0.01 , 0.63 ]
[ −0.92 , −0.24 ]
[ −1.42 , −0.63 ]
[ −0.95 , −0.11 ]
[ −0.20 , 0.45 ]
[ −0.53 , 0.09 ]
[ −1.15 , −0.22 ]
[ 0.21 , 1.01 ]
[ −0.66 , 1.88 ]
[ −1.39 , 1.39 ]
[ −2.52 , 0.82 ]
[ −1.47 , 1.73 ]
[ −1.84 , 1.37 ]
[ −1.90 , 1.32 ]
[ −2.42 , 0.89 ]
[ −1.91 , 1.30 ]
[ −0.95 , 2.34 ]
[ −3.37 , 0.28 ]
[ −1.70 , 1.50 ]
[ −0.70 , 2.70 ]
[ −0.45 , 3.08 ]
[ −1.04 , 2.23 ]
[ −1.69 , 1.51 ]

4

Non-vascular cryptogam species richness
Lichens
Olofsson et al. 2001, Siččajávri
Olofsson et al. 2001, Lagisduoddar
Eskelinen & Oksanen 2006, Saana

−0.70 [ −1.78 , 0.38 ]
−5.77 [ −8.92 , −2.62 ]
−0.82 [ −1.41 , −0.23 ]

Lichens: random effects model

−2.14 [ −5.39 , 1.10 ]

Cryptogams, non-vascular
Eriksson et al. 2007, Moss-rich forest, Tavvavuoma
Eriksson et al. 2007, Moss-rich forest, Sonfjället
Eriksson et al. 2007, Moss-rich forest, Långfjället
Eriksson et al. 2007, Moss-rich forest, Fulufjället
Eriksson et al. 2007, Low forb meadow, Ritsem
Eriksson et al. 2007, Lichen-rich forest, Tavvavuoma
Eriksson et al. 2007, Lichen-rich forest, Fulufjället
Eriksson et al. 2007, Dry heath, Tavvavuoma
Eriksson et al. 2007, Dry heath, Sonfjället
Eriksson et al. 2007, Dry heath, Ritsem
Eriksson et al. 2007, Dry heath, Långfjället
Eriksson et al. 2007, Dry heath, Fulufjället
Eriksson et al. 2007, Grass heath, Långfjället
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Additional file 8. Meta-regressions against reindeer density.
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Are reindeer harming the mountain vegetation of Northern Scandinavia?
Or is their grazing, on the contrary, a precondition for the diversity of the
montane ﬂora? Opinions on this issue have been divided over the years,
but in the systematic review that is presented here, Mistra EviEM has
attempted to achieve unequivocal answers.
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