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Abstract
Estimating herbivore density is an important part of understanding their impact on
vegetation. Many studies have been carried out on the impact of reindeer and other
herbivores on arctic and sub-arctic vegetation, but they are difficult to compare as they
typically use different methods to estimate herbivore activities. The aim of this study was to
compare three methods that were based on the recent International Tundra Experiment
herbivory protocol to measure the activities of three herbivore groups: reindeer, rodents and
invertebrates. The robustness of the methods themselves was then evaluated. Fieldwork was
carried out at 12 sites in the Fennoscandian mountain area, with controls inside reindeer
exclosures. The results showed that the methods were the most robust when measuring
reindeer activities. The reindeer measurements were also well correlated with a reindeerdensity estimate calculated from official reindeer population data. This study recommends
considering the use of photographs to increase the time-efficiency of pellet-counts. The
rodent activity estimates were good, but the patterns inside exclosures differed to the
patterns outside exclosures. The results for invertebrates were deemed to be less reliable as
the measurements for one method were not recorded at an appropriate scale. In conclusion,
the findings of this study will help improve the comparability of future studies on the impact
of reindeer herbivory and other herbivores, and gives suggestions for more accurate ways of
measuring herbivore pressure in arctic and sub-arctic vegetation.
Key words: International Tundra Experiment herbivory protocol, reindeer density, grazing
pressure, Fennoscandian mountains
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1 Introduction
Herbivores play a key role in tundra and mountain ecosystems and can be the cause of large
changes in vegetation states and primary productivity (Olofsson et al., 2012). Mountain and
tundra regions in Scandinavia have great ecologically value, also in terms of ecosystem
services (Jansson et al., 2015). They also have cultural, economic and social importance for
the people who live there (Zachrisson, 2008). As the climate changes, a greater
understanding of the relationship between herbivores and their environment becomes
increasingly important for predicting how ecosystems will react. Reindeer and rodents are
generally the most numerous and influential herbivores on the tundra, but others are also
present across large areas; hares, grouse, ground squirrels and insects. Reindeer are present
in almost all mountain and tundra areas (Bernes et al., 2015) and are highly influential in
defining the landscape, both politically and ecologically (e.g. Bråthen et al., 2007;
Zachrisson, 2008). Reindeer are often seen as a symbol of these areas, representing both the
reindeer herders and the ecology (Pape & Löffler, 2012; Vitebsky & Alekseyev, 2015).
Rangifer tarandus L., the reindeer or caribou, is found in almost all arctic, alpine and boreal
zones in northern latitudes. Although there is only one species, there are a number of subspecies such as the Svalbard reindeer and the North American caribou. In large parts of its
range, the reindeer is the only large herbivore present (Bernes et al., 2015). Russia has the
largest populations of semi-domesticated reindeer – around 1.5 million - but also has large
populations of wild reindeer (Kolkov, 2012). Almost all reindeer (or caribou) in North
America are wild, while the majority in Eurasia are semi-domesticated (Bernes et al., 2015).
All reindeer in Sweden and in most of Norway and Finland are semi-domesticated but there
are small populations of wild reindeer in the southern parts of both Norway and Finland
(Bernes et al., 2015). Almost all reindeer migrate, usually spending the summer in alpine or
arctic tundra areas and spending the winters in boreal forests. Semi-domesticated reindeer
also follow this migration pattern. In much of Sweden and Norway this means spending the
winters in forests along the Baltic and Norwegian Sea coasts and spending summers in the
mountain areas along the Swedish-Norwegian border (Suominen & Olofsson, 2000). In the
summer months they feed mainly on grasses, sedges, shrubs and young trees (Bernes et al.,
2015), while in the winter lichens make up a large proportion their diet (Storeheier et al.,
2002).
The global wild reindeer population is stable and the IUCN conservation status is ‘least
concern’ (Henttonen & Tikhonov, 2008). There are around 200,000 semi-domesticated
reindeer in each of Sweden, Norway and Finland (RHA, n.d.; Bernes et al., 2015; NINA,
2016). The wild populations number around 25,000 in mainland Norway and 1000 in
Finland (Andersen & Hustad, 2004).
Reindeer herding has a long history in Eurasia, and many people’s livelihoods still depend on
reindeer today. In Scandinavia it is generally the Saami people who herd reindeer. The
relationship between reindeer and the Saami is many thousands of years old (rock paintings
at Flatruet) and they have been domesticating reindeer since at least 800AD (Zachrisson,
2008). Reindeer herding people in Russia to a large extent still follow the traditional
lifestyle of a nomadic herder, following the herd through the year and using some reindeer
for milking or pulling sledges (Kolkov, 2012). In Scandinavia reindeer herders are more
settled and make greater use of mechanical help such as snow-scooters and motorbikes to
maintain herds that are mainly for meat production (Riseth & Vatn, 2009).
Although reindeer are usually the only large herbivore in many arctic areas, they are not the
only ones – muskoxen, hares, grouse, geese, lemmings, voles and invertebrates are often
present. Small rodents – mainly lemmings and voles – are important tundra herbivores, and
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have been shown to have a greater impact than reindeer on vegetation (Olofsson et al., 2004;
Olofsson et al., 2012). Lemming populations are cyclical and peak every 3-5 years - in peak
years they may be the most numerous herbivores in arctic regions ( Olofsson et al., 2004;
Kausrud et al., 2008). In certain years outbreaks of insect species, such as the autumnal
moth, may be so numerous that they severely defoliated large areas of birch forest (Jepsen et
al., 2013).
Reindeer as a species has been described as an ecosystem engineer and an ecological
keystone (Pape & Löffler, 2012). As reindeer are often the only large herbivore in the arctic,
an increase or decrease in reindeer densities has the potential to cause large-scale vegetation
changes (Suominen & Olofsson, 2000; Van der Wal, 2006; Bråthen et al., 2007), such as
from a lichen-dominated to a bryophyte-dominated state (Suominen & Olofsson, 2000; Van
der Wal, 2006).
There are numerous studies on reindeer grazing, but the extent of their impact on vegetation
at a large scale is still uncertain (Bernes et al., 2015). One problem that Bernes et al. (2015)
encountered in their review of studies that compare the effect on vegetation of varying
reindeer densities, was the question of how to equalise the different measurements of
reindeer density in a way that would make it possible to compare the responses of the
different studies at different reindeer densities. Although a number of the studies did
measure reindeer density, making the density estimate in one study comparable to a
different technique that was used in another study was not straightforward. To deal with
this problem, Bernes et al. (2015) used four different measures of reindeer density
measurements in their meta-analysis. These difficulties highlight the importance of being
able to consistently estimate herbivore activities and densities across large scales. This
would help in understanding the landscape-scale impact of herbivores on vegetation, and
how plant-herbivore interactions are affected by a changing climate.
In a general sense, it is regarded that overgrazing by reindeer can cause changes in
vegetation state and erosion, while undergrazing can result in the spread of trees and shrubs,
particularly now in a warming climate (Pape & Löffler, 2012). Productivity and grazing
history are two important factors that can influence the effect of herbivory on vegetation at a
local level (Milchunas et al., 1988; Olff & Ritchie, 1998; Bernes et al., 2015). High reindeer
densities that reduce summer grazing can lower survival rates for reindeer while low
densities where reindeer cannot control shrub expansion may impact negatively on
biodiversity (Bråthen et al., 2007; Swedish EPA, 2014). There has been debate in
Fennoscandia over the last decades about whether there has been overstocking of reindeer or
understocking (Pape & Löffler, 2012). In the 1990s, it was generally considered that the
national reindeer populations in Fennoscandia were unsustainably high (Moen & Danell,
2003; Pape & Löffler, 2012). This was supported by the Swedish government which
published a report that stated that there was overgrazing and unsustainable reindeer
numbers (Swedish Ministry of the Environment, 1996). However, a later evaluation showed
that for Sweden, erosion as a consequence of reindeer grazing and trampling is a temporary
problem which is only occurring at small scales – such as where reindeer are routinely
gathered (Moen & Danell, 2003). The report concluded that overgrazing was not occurring
at a large scale. A different study by Tömmervik et al. (2012) came to similar conclusions
about Finnmark in Norway, that damage by reindeer is temporary and seldom causes
permanent damage. The Swedish government currently has an environmental quality
objective that aims to “preserve the mountain area as a magnificent landscape characterised
by grazing” and states the importance of reindeer in maintaining this (Swedish Ministry of
the Environment, 1998).
As the climate warms up, temperature changes are happening at a much faster rate in the
Arctic than in the rest of the world (Larsen et al., 2014). One effect being witnessed is that
trees and shrubs are expanding their range to higher altitudes and latitudes (Ravolainen et
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al., 2014). A large expansion of trees would not only change the landscape visually, but also
result in dramatic ecosystem changes (Swedish EPA, 2014), which could disturb key species
such as the lemming and the Arctic fox. Maintaining the open mountain landscape is
desirable if we want to reduce the effects of climate change. Grazing by both reindeer and
small rodents can help mitigate the tree and shrub expansion that is caused by climate
change (Olofsson et al., 2009; Ravolainen et al., 2014).
Estimates of herbivore densities and activities are relevant for both vegetation analyses and
herbivore studies. Even if the population size for a region is known, it may not reflect
grazing pressures at local scales, as herbivores are generally mobile and large herbivores
such as reindeer use habitats at large scales (Skarin et al., 2008). Local herbivore densities
are often unknown and difficult to estimate from regional population numbers while direct
observations or herder knowledge can be difficult to quantify. Indirect herbivore activity
measurements, such as faecal pellet group counts, offer a quick way to give a local-scale
herbivore density estimate (Campbell et al., 2004). Measuring herbivore activities can be
done in many different ways and with differing degrees of accuracy and efficiency. Pellet
counts and herbivory estimates are among the most common on-site measurements while
more remote-sensing based techniques are becoming increasingly popular (e.g. Olofsson et
al., 2012).
Indirect herbivore density measurements are usually based on herbivore activity and give an
estimate of impact level, which in itself can give an indication of herbivore density.
Estimates of grazing damage and herbivore pellets can be related directly to local herbivore
density, but factors such as forage quality have to be considered. Pellet counts are usually
divided into two categories: Faecal Standing Crop and Faecal Accumulation Rate (Mayle,
1996). These pellet count methods can give population density estimates, but also require
species-specific defecation rates and site-specific decay rates (Mayle, 1996). Although pellet
decay rates for species such as elk (Alces alces) are well researched (e.g. Hörnell-Willebrand
& Pehrsson, 2010), there are few studies on the decay rates of reindeer pellets (Skarin,
2008). Instead, studies which include a reindeer-density estimate in their analysis usually
use reindeer pellet counts as an observation unit to give a reindeer density index (e.g. Ims et
al., 2007; Olofsson et al., 2010; Colman et al., 2013).
Many studies have been carried out on the impacts of reindeer activities on vegetation (e.g.
Ravolainen et al., 2011; Olofsson et al., 2013; Barthelemy et al., 2015), but it is often difficult
to compare them as they have been at small spatial scales, or they have used a range of
different methods to estimate reindeer population densities and grazing levels (Bernes et al.,
2015). In order to more accurately assess what the impact of reindeer grazing is on
vegetation, a solid starting point would be to know what the grazing pressure is. If grazing
pressure measurements were standardised, it would be much easier to compare the effects of
grazing on vegetation from different studies.
The methodology used in this study was adapted from Barrio et al.’s (2014) herbivory
protocol which is designed to provide an estimate of local herbivore activity. The concept
behind this protocol is to produce a standardised methodology that can be used across the
Arctic (Barrio et al., 2014) – something that is currently lacking (Bernes et al., 2015). This
study aimed to test the protocol with fieldwork at a relatively large scale and compare it with
official reindeer numbers. The fieldwork part of this study was to test three different
methods of estimating herbivore density to see if they produced a consistent result. Then the
robustness of the methods themselves was evaluated. The three questions are:
1. Do the different methods record variation in reindeer activities between sites?
2. What are the effects of reindeer activities on other herbivores?
3. How do the estimates of reindeer activities from this study relate to the larger-scale
densities estimated from official data bases?
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2 Materials and methods
This fieldwork was carried out in July and August, 2015, in the Scandinavian mountain area
with sites in Sweden, Norway and Finland (figure 1). The study was based on existing
exclosures, which are between 10 and 20 years old. All sites are located in areas where semidomesticated reindeer are allowed to graze, apart from the most southerly, Fulufjället, where
there is very limited grazing as reindeer are not meant to be there (Naturvårdsverket, 2002).
The sites are located in a number of differing vegetation types both in tundra and forest
areas (see Table 1). The tundra areas were either dry heath or meadow habitats. The dry
heath is composed mainly of ericaceous shrubs, mosses and lichens, while the meadow
habitat is mainly forbs, graminoids and mosses. The forest habitats have Betula pubescens
trees and a field layer that is often a mix of ericaceous plants and forbs. Woody plants, such
as Betula nana and dwarf Salix species, are common in most of these habitats.
Each site had an exclosure and grazing site and each method was carried out inside and
outside at each exclosure, apart from the exclosures at Vindelfjällen, which were damaged.

Table 1. Habitat and exclosure information for sites where herbivore activity measurements were carried out
in summer 2015

Site

Country

Habitat

Exclosure

Altitude

Fulufjället

Sweden

Longfjället

Sweden

Dry shrub heath
Dry shrub heath, Grass
heath

Birch Forest

25x25m

884m

Birch Forest

25x25m

870m

Sonfjället

Sweden

Dry shrub heath

Birch Forest

25x25m

1021m

Vindelfjället

Sweden

Birch Forest

100x100m

844m

Sweden

Dry shrub heath
Dry shrub heath,
Meadow

Ritsem

25x25m

827m

Abisko

Sweden

Dry shrub heath

Birch Forest

8x8m

497m

Tauvvavoma

Sweden

Birch Forest

30x30m

480m

Vassijaure

Sweden/Norway

Birch Forest

8x8m

483m

Kilpisjärvi

Finland

Various

592m

Reisa

Norway

Dry shrub heath
Low-herb meadow,
Meadow
Extremely dry heath,
Meadow

Various

871m

Jotka

Norway

Dry shrub heath

Birch Forest

8x8m

426m

Seiland

Norway

Dry shrub heath

8x8m

112m

7

Figure 1. Map of sites where fieldwork was carried out in summer 2015. Made with
ArcMap (ESRI, 2015). Swedish reindeer herding districts from RenGIS (Skogstyrelsen,
u.d.) and Norwegian districts from the Norwegian Institute for Bio-economy (NIBIO,
2015). Map of Finland from National Land Survey of Finland (NLSoF, 2016).
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Three methods were used for estimating herbivore activities: Pellet counts, Point-intercept
and B. nana herbivory estimates. The methods were adapted from Barrio et al.’s (2014)
protocol.

2.1 Pellet counts
Metre-wide transects were used for pellet counts, the lengths of these transects varied with
the size of the exclosures, while transects outside the exclosures were either 100 m (in 33 m
sections) or 50 m long. Numbers of reindeer pellet groups were counted along each transect.
Elk, hare and grouse pellet groups were also recorded but they were very few and only at one
or two sites. Both fresh and old pellets were counted as it is difficult to age pellets. As
specific decay-rates for each site are not know, the number of pellet-groups will be used as an
index of reindeer density and as an index of rodent density.

Rodent pellets were sampled with 60x60 cm quadrats every 2 metres where total
numbers of visible pellets were counted. When there were high numbers of pellets
(>50), pellets in a subpart of the plot were counted first and this was used to estimate
the number in the whole quadrat. Photos of quadrats were taken when rodent pellet
were very numerous and when time was limited. Rodent pellets were then counted
from the photos after fieldwork was finished. Active rodent burrows and runways
were also recorded along the entire transect. Runways were only recorded when they
crossed the transect.
This methodology was adjusted for exclosures at four sites (Abisko, Vassijaure, Seiland and
Jotka), where transects were 0.5 m wide and quadrats were 40x40 cm. For the analysis,
pellet counts were expressed as the number of pellets or pellet groups per 100 m.

2.2 Herbivore damage measured with point-intercept
A point-frame was used to count numbers of plants showing signs of invertebrate or
vertebrate herbivory. Signs of herbivory were counted within a 1 cm buffer around each
intercept. Intercepts that landed on rock or other surfaces where herbivory cannot occur
were also recorded. 50 intercepts were carried out in a 50 x 40 cm area and were repeated at
3 random places per exclosure or grazing area equivalent (usually 3 per ~30 m of transect).
Generally, leaf-scale damage was recorded as invertebrate herbivory, while neatly clipped
plants at ground level was recorded as rodent herbivory, and larger scale grazing as reindeer
herbivory. Grazing or damage to moss was also recorded as rodent herbivory as moss is one
of the Norwegian lemmings main food plants (Soininen et al., 2013). Obvious removal of
Empetrum nigrum by rodents was also recorded. Damage to B. nana was also recorded (see
below). When herbivory damage was found, the plant species was also recorded. These
measurements were expressed as intercepts with grazing, as a percentage of total grazable
intercepts.

2.3 Dwarf birch (Betula nana) damage inventories
Betula nana was chosen as a species representative of reindeer herbivory as it is dominant or
present in much of the arctic and alpine range of reindeer in Scandinavia (Carlsson et al.,
1999); and is known to be an important food plant for reindeer (Klein, 1990).
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Twenty B. nana stems were selected at random per exclosure or grazing area equivalent
(usually 20 per ~30 m of transect). Percentage damage for each herbivore group was then
estimated. In general, stripping of shoots and leaves was recorded as reindeer herbivory,
clipping of shoots and barking was recorded as rodent herbivory, while leaf-scale damage
was recorded as invertebrate herbivory. This was then expressed as average level of B. nana
herbivory for each exclosure.

2.4 Reindeer density estimate
Many of the sites lie within a number of different reindeer grazing designations - e.g.
summer grazing and autumn grazing. For each site, an average area was taken of all the
grazing areas that included that site. This average area was calculated separately for each
site. Reindeer numbers were calculated for each reindeer-herding district, using a 5-year
mean of the most recent data available: 2009-2014 for Norway and 2005-2010 for Sweden.
The sites at Tavvavuoma and Ritsem had exclosures in separate reindeer-herding districts so
densities were calculated separately for those exclosures. Reindeer density was not
estimated for the site in Finland as the data were not readily available.

2.5 Data analysis & sources
Statistical analysis was carried out with the R statistical software (R Foundation, 2016) on
the site mean of each measurement. The data were first explored using an nMDS plot. Most
of the data had an over-dispersed poisson distribution with many zeros so the quasi-poisson
family was used for all the models (glmmPQL or glm).
The altitudes of each site were extracted using Google Earth (Google Inc., 2013).
Information on reindeer usage of each area was obtained with ArcMap (ESRI, 2015) using
data from RenGIS (Skogstyrelsen, u.d.) and the Norwegian Institute for Bio-economy
(NIBIO, 2015). For Sweden, official reindeer numbers from Sametinget (2015) was used,
and for Norway, numbers were extracted from Reinbase (NINA, 2016). The annual
temperature and precipitation data were obtained from WorldClim (Hijmans et al., 2005).
Data on soil nitrogen (N), soil phosphorus (P) and Normalised Difference Vegetation Index
(NDVI) were from fieldwork at the same sites in 2014 (Sundqvist, 2015, pers. comm., 7
March). NDVI is a measure of reflected red and near-infrared light wavelengths, which can
be used to give a useful indication of how much photosynthesising vegetation is present in a
given area (Jones & Vaughan, 2010). It can also be used as a measure of plant biomass,
chlorophyll content, productivity, leaf nitrogen and leaf-area index (Jones & Vaughan, 2010).
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3 Results
Overall, the reindeer activity measurements showed the same general trend – sites where
high activity was recorded in one method also showed high activity in the other methods.
This trend was also the same for the invertebrate measurements, while the pattern for
rodents was similar, but not as clear.

Figure 2. Non-Metric Dimensional Scaling (NMDS) ordination showing relationships between three methods for
measuring herbivore activity, for three herbivore groups. The two additional rodent activity measurements from
the transects have also been included. Joint plots show environmental variables and a reindeer density estimate.
NMDS stress = 0.16.

The data were first explored with an NMDS (Fig. 2), which had a stress value of 0.16. The
reindeer activity measurements are closely grouped; as are the invertebrate measurements.
The rodent activity measurements are more spread-out around the lower half of the plot and
do not seem to be strongly influenced by any one factor. The main trend line in the plot has
high N, P, temperature and NDVI at the bottom and high altitude and precipitation at the
top. Reindeer density and latitude are at slightly different angles to this main trend line.
The reindeer activity measurements seem to be most negatively associated with productivity
(NDVI, N and P) and, to a lesser degree, positively with latitude (Fig. 2). The reindeer
activity measurements are also highly associated with high reindeer density. The
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invertebrate measurements seem to be most strongly associated with southern latitudes
while rodent measurements are in the part of the plot associated with high productivity and
low altitude and precipitation. NDVI, latitude and altitude were selected from the NMDS to
test the significance of their effects on the reindeer activity measurements.

3.1 Variation in reindeer activities
Using a generalised linear model, the effects of NDVI, latitude and altitude on reindeer
activities were tested. Latitude was found to have a significant effect on all the
measurements: pellets (t19 = 4.7, p < 0.001), point-intercept (t19 = 3.1, p = 0.006) and B.
nana (t19 = 4.1, p < 0.001). Positive correlations (rho = 0.53-0. 61) indicated that more
reindeer activities were recorded further north. Altitude had a marginally significant
positive effect on the pellet (p = 0.05) and point-intercept measurements (p = 0.05), and the
correlations were weak (rho<0.4). NDVI showed a significant negative correlation (rho = 0.44, p = 0.035) with reindeer pellets, while it had a significant effect on pellet (t19 = -2.3, p
= 0.032) and B. nana measurements (t19 = -2.4, p = 0.022). This indicates that more
reindeer activities were recorded at locations with low NDVI. Blocking for the effect of site
was considered, but models with site as a random effect gave very similar results to those
above and so the simpler model was selected.

Figure 3. Mean (±95% Confidence Interval) herbivore activity inside and outside reindeer exclosures. It was not
deemed necessary to statistically test the differences for reindeer activities. For the other groups: star symbol
denotes significant difference (t29 = -2.3, p = 0.03).
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3.2 Effects of reindeer activities on other herbivores
Apart from two exclosures that had a very small number of reindeer pellets, no reindeer
activities were recorded inside the exclosures (Fig. 3).

Figure 4. Correlations between three methods for measuring herbivore activity, for three herbivore groups.
Two additional rodent activity measurements were also included. Stars indicate the significance of the
correlation (* = p < 0.05; ** = p < 0.01; *** = p < 0.001).

3.2.1 Rodents
For the rodent measurements B. nana and point-intercept, no difference was found between
inside and outside the exclosures, but significantly more rodent pellets were found outside
the exclosures (t29 = -2.3, p = 0.031; Fig. 3). The three rodent measurements were well
correlated with each other outside the exclosures (Fig. 4): pellets and point-frame rho= 0.83
(p < 0.001), point-frame and B. nana rho = 0.77 (p = 0.002), but less so between pellets and
B. nana where rho = 0.41 (p > 0.05). The two other rodent measurements – of active
burrows and runways – were highly correlated with each other (rho= 0.99, p < 0.001), but
were very weakly or not at all correlated with the other methods.
The relationships between the rodent and reindeer measurements were generally not so
strong (Fig. 4). Reindeer point intercept (rho = -0.53) was negatively correlated with rodent
pellets, but non-significantly. The two other rodent measurements (burrow and runways)
13

had moderate negative correlations with reindeer pellet-counts and point intercept methods
(Fig. 4).
The patterns for the rodent measurements inside the exclosures were very similar to the
patterns outside the exclosures. The rodent activities were again well correlated, but this
time the pellets and B. nana measurements had the strongest correlation (rho = 0.88, p <
0.001). The main difference from outside the exclosures was that there was a relationship
between the burrow & runway measurements and the other rodent activities – the strongest
was a positive correlation between burrows and rodent pellets (rho = 0.56, non-significant).
3.2.2 Invertebrates
The invertebrate measurements showed no significant difference between inside and outside
the exclosures (p > 0.05; Fig. 3). The invertebrate methods were correlated but not strongly
or significantly – rho = 0.39 (p > 0.05) (Fig. 4). Reindeer B. nana was negatively correlated
with invertebrate point-frame measurements (rho = -0.57, p = 0.04), but not with
invertebrate B. nana (rho = -0.31, p = 0.3) (Fig. 4).
The patterns for the invertebrate measurements inside the exclosures were very similar to
the patterns outside the exclosures. There were no particularly strong correlations between
the invertebrate measurements or between invertebrate and rodent measurements (rho <
0.4).

Figure 5. The relationship between reindeer density per km2 and reindeer pellet-group counts. Site means have
been plotted, apart from two sites where exclosures were in separate herding districts. Main trend line: rho =
0.61, p = 0.03. Dashed trend line with outlier (hollow point) omitted, rho = 0.73, p = 0.008.
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3.3 Relationship between reindeer activities and density estimates
The three reindeer measurements and reindeer density were tested for correlations and the
strongest correlation was found between the point-intercept and B. nana measurements (rho
= 0.87), which was significant (p < 0.001) (Fig. 4). There was also a positive correlation
between pellets and point-intercept measurements (rho = 0.49, non-significant). A strong
positive correlation was found between reindeer pellets and density (rho = 0.61), which was
significant (p = 0.025) (Fig. 5). One point was considered a possible outlier so a further
correlation was run without it (rho = 0.73, p = 0.008; Fig. 5). Weaker, non-significant,
correlations (rho < 0.5) were seen between point-intercept, B. nana and density. The
correlations were tested using site averages apart from the sites at Ritsem and Tavvavuoma
where the exclosures were in separate reindeer herding districts. The variation between
individual sites is visualised in figure 6. Some sites, such as Vindelfjällen, Sånfjället and both
sites at Ritsem, show quite large differences between the three reindeer activity
measurements.

Figure 6. Site means (±95% Confidence Interval) of three reindeer activity measurements and a reindeer density
estimate. Reindeer density for Kilpisjärvi from 2008-2009 (Unkown, 2010 in Francini et al., 2014).
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4 Discussion
This study aimed to use the three methods for measuring reindeer, rodent and invertebrate
activities to answer the three study questions and then to evaluate the robustness of the
methods themselves. The results of the different methods were compared to each other as a
way of assessing their robustness.

4.1 Do the different methods record variation in reindeer activities
between sites?
Overall, the three reindeer activity methods - pellet-counts, herbivore damage measured
with point-intercept and dwarf birch (B. nana) damage inventory - were well correlated with
each other and with the method of calculating reindeer densities per district, which were
based on official estimates. All four methods indicated that reindeer activity was highest in
areas with low productivity and high latitudes. The results showed that high latitude was
positively associated with reindeer activities – i.e. there is a tendency for there to be higher
reindeer densities further north. A recent study by Pape and Löffler (2012) has shown that
reindeer densities are generally higher in northern Fennoscandia (Pape & Löffler, 2012, p.
422). However, this geographic trend of more reindeer activities further north is not
supported by the findings of Zhang et al. (2016) who showed that in a global study, herbivory
decreases with increasing latitude in the Northern Hemisphere. The most likely reason for
the difference of Zhang et al.’s (2016) findings is that, in Scandinavia, reindeer population
sizes are much more regulated by humans than they would be in a more natural system –
meaning that reindeer population sizes are mainly driven by the social, economic and
ecological conditions for reindeer herding (Uboni et al., 2016) rather than just climate and
food-web structure that is thought to regulate wild populations (Legagneux et al., 2014).
Another reason could be that northern Scandinavia is not well represented in Zhang et al.’s
(2016) study, which shows global patterns rather than Scandinavian ones.
All four reindeer activity estimates were also associated with low productivity – which was
measured with NDVI. This association with low productivity may be a combination of there
being more reindeer in the north and that NDVI in the arctic generally decreases with
increasing latitude (Raynolds et al., 2006). The NMDS (Fig. 2) indicates that high NDVI was
associated with higher levels of nutrients and temperature – which is logical as higher
nutrient levels and temperature usually result in higher productivity (DeMarco et al., 2014).
The results of this study show that altitude did not have much effect on the reindeer
measurements, which could be partially because the experimental set-up compensated for
altitude to some degree – i.e. sites in the south were usually at higher altitude than sites in
the north.
Overall, the four methods showed variation in reindeer activities that would be expected
between the sites with differing reindeer population. For example, no reindeer activity was
recorded in Fulufjället where reindeer are generally not present, but did show high reindeer
activity in sites such as Reisa where reindeer are known to be present in relatively high
densities (Pape & Löffler, 2012, p. 422). All four methods were thus successful in capturing
the large differences in reindeer density and activity known to occur between the selected
study sites.
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4.2. What are the effects of reindeer activities on other herbivores?
4.2.1 Rodents
An extremely interesting finding in this study is that reindeer seem to have a negative effect
on the presence of rodents. This is evident from the NMDS, which shows that rodent pellet,
burrow and runway counts were all negatively related to reindeer activities (Fig. 2). It is also
likely that this effect is causal since densities of rodent pellets were more than twice as high
inside reindeer exclosures than in grazed plots (Fig. 4). The rodent damage measured with
point-intercept and the B. nana damage inventory indicates that rodent herbivory was not
affected by the reindeer exclosures. We do not know how much this relates to the sensitivity
of the different methods or to real changes in rodent activity. The rodent B. nana damage
inventory and point-intercept damage methods appeared to be largely explained by latitude
while rodent pellet counts were more associated with high NDVI (Fig. 2). This association
with NDVI indicates that the vegetation has an important part to play in trying to explain
why the rodent methods appear to show different responses to reindeer activities. A possible
explanation is that there is higher vegetation productivity and biomass inside reindeer
exclosures (Olofsson et al., 2009; Ravolainen et al., 2011; Olofsson J., 2015, pers. comm., 5
August). This is also further supported by the strong correlation between the rodent pellet
counts and B. nana damage inventory within exclosures.
Rodents may find both more food and protection inside exclosures as the vegetation is
generally taller. Hambäck et al. (1998), who specifically measured winter vole herbivory,
found that vegetation height was the best predictor of vole herbivory – the taller the
vegetation, the more herbivory recorded. Taller vegetation also results in snow being
retained for longer – which would make exclosures more attractive for rodents (Reid et al.,
2012). In this study, the pellet counts are more likely to represent a longer time period –
from at least the previous winter – than herbivory measures are, and so could partially
represent winter populations of rodents that might overwinter inside exclosures.
4.2.2 Invertebrates
The two methods of invertebrate herbivory - damage measured with point-intercept and B.
nana damage inventory - did not differ between inside and outside the exclosures, which
would suggest that they are not affected by reindeer activities. Instead, the NMDS (Fig. 2)
indicates that invertebrate herbivory was most associated with latitude. However, for the B.
nana damage inventory, reindeer was negatively correlated with invertebrate. Several
studies have found negative (Den Herder et al., 2004) or positive (Olofsson & Strengbom,
2000) effects of reindeer on invertebrate herbivory, but, in general, studies have found the
interactions between reindeer and invertebrate activities to be quite mixed (Suominen &
Olofsson, 2000). Correlations between invertebrate damage and reindeer damage with the
point-intercept method are not very robust as very little reindeer damage was recorded with
this method. Another reason could be that the methods did not capture enough of the
variation in invertebrate herbivory to show a clear trend. These considerations are discussed
further in Section 4.4.

4.3 How do the estimates of reindeer activities from this study relate to
the larger-scale densities estimated from official data bases?
Overall, the three field methods were well correlated with each other, which indicates that
they were picking up the same patterns of reindeer activities. This suggests that the three
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methods are equally good at recording reindeer activities both at low and high reindeer
activity levels. The two herbivory measurements were more correlated with each other than
with the pellet counts, which is understandable as there was some variation between the
results of the different methods (Fig. 3): for example, both locations at Ritsem showed
higher levels of reindeer herbivory than of pellet counts. High levels of rodent disturbance at
both of these locations made it difficult to see reindeer pellets and may have increased pellet
decomposition rates.
Conversely, at Vindelfjällen, Sånfjället and one location at
Tavvavuoma, pellet counts were relatively high but herbivory was recorded as low or absent.
A possible reason for this is that these sites are included in late-season or winter grazing
areas where winter herbivory would be difficult to record in summer but pellets would still
be present. Jotka shows a similar pattern, but it is on a migration route for a number of
reindeer herding districts. This means that high numbers of reindeer pass through the area
in spring and autumn, and a higher level of reindeer activities would therefore be expected.
The reindeer pellet measurements and reindeer density estimates were significantly
correlated, even though the density estimates were quite coarse and at a much larger scale
than the pellet transects. Figure 5 shows that there is a positive relationship between the two
measurements, and this relationship becomes stronger when the outlier is removed. The
outlier, a site at Ritsem, had an unusually high density estimate and relatively low number of
pellet-groups. This site is, however, close to the boundary between herding districts, which
might make the density calculations less accurate. The relationship between the two
measurements is comparable to that in Bråthen et al. (2007) who found a similar
relationship between pellet presence/absence and 23-year averages of herding district
stocking densities in northern Norway. Although their transects were a similar size to those
in this study, they had much larger number of subsamples and replicates per herding district
(Bråthen et al., 2007). Ravolainen et al. (2010) have also shown that there is a relationship
between presence/absence of reindeer pellets and herding district population densities.
The B. nana and point-intercept methods were also correlated with the density estimates,
but not significantly. This suggests that there is a more direct relationship between pellet
counts and actual reindeer densities, but it is difficult to come to conclusions without
verifying the accuracy of the density estimates at a local level. The accuracy of the density
estimates in this study are very much dependent on the accuracy of the seasonal grazing
areas from RenGIS (Skogstyrelsen, n.d.) and the Norwegian Institute for Bio-economy
(NIBIO, 2015). Although these sources are often very detailed, it is difficult to represent the
yearly variation in reindeer movement in a way that would be comparable across all herding
districts.

4.4 Evaluation of the field methods
4.4.1 Pellet counts
The pellet transects provided a good amount of data for both reindeer and rodent pellets.
The length of time it took per transect was very much dependent on the numbers of pellets
present but took much longer at high rodent pellet densities. Some time-saving measures
were taken at high rodent pellet densities such as photographing quadrats for later counting.
It generally took between 10 and 25 minutes per 30 m of transect. In some sites, the field
layer vegetation was thicker so it was more difficult to see the pellets.
It is difficult to determine the time-span that the pellet counts represent, and they will vary
from site to site as pellet decomposition rates are higher in wetter and warmer places
(Barthelemy et al., 2015). Pellet counts were therefore probably higher in places where
decomposition rates were slower. Skarin (2008) found that reindeer pellets persisted for at
least 4 years in dry heath, while in birch forest only 20% were visible after 3 years.
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Barthelemy et al. (2015) commented that in dry heath some reindeer pellets were still visible
after 7 years. Although this would bias the results of the pellet counts, birch forest and dry
heath were almost equally represented in the experimental set-up and so this should have
helped to account for any bias.
The transect method of this study usually involved 3 transects of 33 m instead of one transect
of 100 m as suggested in the 2014 version of Barrio et al.’s (2014) protocol. Most of the
exclosures were small in size (often 25x25 m), so transects inside exclosures were limited in
length. The transects outside the exclosures were also short, in order to sample comparable
habitat types. The shorter transects were also easier to implement in thicker vegetation and
between trees. The 2016 version of Barrio et al.’s protocol also recommends a series of
shorter transects as it gives a better representation of the spatial heterogeneity of the area
(Barrio et al., 2016).
The current version of Barrio et al.’s protocol (2016) no longer recommends rodent pelletcounts in plots along transects as was carried out in this study, mainly because it is too timeconsuming. The pellet-counts in this study were indeed time-consuming; however,
photographing the quadrats saved a lot of time in the field. Identifying pellets in the
photographs afterwards was straightforward, but this technique would not work in dense
vegetation. It would therefore be recommended to consider photographing quadrats when
doing multiple pellet-counts, if time in the field is of an issue. In future studies where the
use of photographs could be appropriate for pellet counts, it may be possible to increase the
sample size for pellet counts without overly increasing the time needed for fieldwork. More
experiments would be required to test whether this greater sample size would be better at
capturing the variation in rodent densities.
In this study, rodent pellet-counts, runways, and burrows showed a different pattern of
rodent activity compared to the two rodent herbivory damage methods. This indicates that
relying on one type of method for estimating rodent density could be misleading.
4.4.2 Herbivore damage measured with point-intercept
The point-intercept method was quite time-consuming, but did generate a good amount of
data for rodent and invertebrate herbivory. The method took more time in more dense
vegetation but usually took around 5-10 minutes per 50 points.
Reindeer herbivory recorded with the point-intercept method was much lower and recorded
at fewer sites than with the B. nana damage inventory (Fig. 4). This could be a problem of
scale, as reindeer habitat use is at a scale much larger than the point-intercept plots used in
this study (Skarin et al., 2010). It was also more difficult to identify recent reindeer
herbivory on, for example, graminoids. As suggested by Barrio et al.’s protocol (2016), this
study agrees that the point-intercept method would be best reserved for measuring the
activities of smaller species such as rodents and invertebrates.
Although fieldwork was carried out in the summer, the time between the first site and the
last was around 7 weeks, which could have been enough for there to be a difference in the
seasonal stage of the plants (Lawesson, 2000). This may have impacted on the herbivory
measurements of this study; however, fieldwork was carried-out from south to north, and
plants at most sites were noted to have been at a similar growth stage.
4.4.3 B. nana damage inventory
Estimating damage on B. nana was usually the fastest method and generated quite a lot of
data (i.e. there were few sites with little or no data). Reindeer, rodents and invertebrates all
seemed to be well represented in the data. This method took longer when there was more
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herbivory, but usually took between 5-10 minutes for 20 stems. Although B. nana was
present at most sites, some sites had to be excluded as it was not present. The B. nana
damage inventory was at a scale more suitable for mammalian herbivores, while a smaller
scale would have been more appropriate for estimating invertebrate herbivory. This is
reflected in the data as the average level of herbivory recorded for invertebrates was rarely
more than around 6% or 7% (Fig. 4), but it would have been much higher if the
measurements had been done at leaf scale. For this reason, it would be recommended to
measure invertebrate herbivory at a leaf scale.
The B. nana damage inventories represent herbivory as a relative level of herbivory on the
stems sampled, and not as a proportion of the total amount of B. nana plants present at each
site. The negative correlation found between reindeer methods and NDVI is a large,
national-scale relationship. At the smaller, habitat scale, reindeer will graze more in
vegetation that is more productive (Barthelemy et al., 2015). At the site-scale of this study,
this could result in more reindeer activities being recorded in higher productivity areas
where they spend more time, e.g. B. nana thickets. This could have affected the results of the
B. nana measurements. However, the B. nana herbivory was measured at a much smaller
scale than the pellet-counts, yet they were still correlated, which suggests that reindeer were
defecating and grazing at an equivalent rate at the site scale. This correlation follows the
findings of Skarin et al. (2008) who show that reindeer habitat selection generally happens
at scales larger than the scale at which B. nana was sampled at the site level.
It is possible that some of the rodent herbivory on B. nana could have been wrongly
attributed: for example, hare herbivory may have been mistaken for vole or lemming
herbivory. However, as hare pellets are easy to identify and were only recorded a handful of
times it seems unlikely that misidentification of this type of herbivory would be enough to
affect the results.
4.4.4 Other methods
In addition to the three main methods for measuring herbivore activities, two additional
methods were included for measuring rodent activities: counts of active burrows and
runways. The active rodent burrows and runways were sometimes difficult to identify in the
field, particularly in the more southern sites, which had low levels of rodent activity.
Conversely, some sites had such high levels of rodent activity that it was difficult to
objectively count the number of active runways crossing the transect. These two methods
did not correlate with the other rodent measurements, so for this study it seems as though
they were a less reliable measurement.

4.5 Conclusions and recommendations for future studies
To conclude which method produced the most coherent results for rodents is not
straightforward, because of the different results found between inside and outside the
exclosures, and the difficulty in attributing reasons for those differences. However, as the
three rodent methods were correlated with each other outside the exclosures, it can be said
that they recorded the same activity patterns, with a similar degree of accuracy. In terms of
fieldwork, the B. nana damage inventory was the most effective. It would also be
informative in future studies to compare the rodent methods with rodent trapping densities.
The point-intercept method was more suitable for measuring invertebrate herbivory due to
the scale of the measurements being more suitable than the B. nana damage inventory.
The experimental design of this study offers a useful reference point for reindeer activities,
because at each level of grazing there was always an exclosure as a reference point: from
which they were excluded and not present. Many studies that are focussed on the impact of
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reindeer activities compare only high and low levels of grazing without trying to assess the
grazing pressure in a greater context (Bernes et al., 2015). High and low grazing
categorisations are relative concepts as high in one area can mean low in another (Bråthen et
al., 2007).
As a broad principle, it is advantageous to use multiple methods as they can, to a large
extent, be used to validate each other. If one method is showing unusually high levels of
activity while the others are not, as was the case at some sites in this study, it is reassuring to
have multiple measurements for comparison.
For studies aimed at establishing reindeer activities and densities, the pellet-counts would be
the single most useful reindeer measurement of the three because it could be applied to all
sites and captures a larger scale than the others. It was also the most well-correlated to the
reindeer density estimates. Although photography was effectively used for the rodent pelletcounts, it also has potential for use in reindeer pellet counts. The use of photography made
rodent pellet-counts more time-efficient in the field, but more work would be required to
establish this as a reliable methodology for reindeer pellet-counts. Excluding the use of
photography in the pellet-count method, the B. nana damage inventory was the most
effective for measuring reindeer activities in terms of time efficiency for fieldwork, and
would also supply useful information as it is a direct measure of grazing. The point intercept
method seemed to be less useful for reindeer, possibly because it was too small a scale to
record their activities.
Although there is no conclusive way to estimate reindeer density, this study provides useful
insights for how to standardise reindeer activity measurements, and thereby improve the
comparability of future studies on the impact of reindeer herbivory. Further studies that
combine larger-scale replicates and spatial interpolation of reindeer activities with regional
density estimates would do much to increase the accuracy of smaller-scale density estimates.
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