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Abstract In recent decades, human—Rangifer (reindeer
and caribou) interactions have increasingly been studied
from a scientific perspective. Many of the studies have
examined Norwegian wild reindeer or caribou in North
America. It is often questioned whether results from these
studies can be applied to reindeer in managed herds, as
these animals have been exposed to domestication and are
also more used to humans. In order to examine the
domesticated reindeer’s reactions to various disturbance
sources, we reviewed 18 studies of the effects of human
activity and infrastructure on 12 populations of domesti-
cated reindeer and compared these to studies on wild
reindeer and caribou; based on this, we discuss the effects
of domestication and tameness on reindeer responses to
anthropogenic disturbance. We also consider the relevance
of spatial and temporal scales and data collection methods
when evaluating the results of these studies. The reviewed
studies showed that domesticated reindeer exhibit avoid-
ance behaviours up to 12 km away from infrastructure and
sites of human activity and that the area they avoid may
shift between seasons and years. Despite a long domesti-
cation process, reindeer within Sami reindeer-herding
systems exhibit similar patterns of large-scale avoidance of
anthropogenic disturbance as wild Rangifer, although the
strength of their response may sometimes differ. This is not
surprising since current Sami reindeer husbandry repre-
sents an extensive form of pastoralism, and the reindeer are
not particularly tame. To obtain a true picture of how
reindeer use their ranges, it is of fundamental importance to
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study the response pattern at a spatial and temporal scale
that is relevant to the reindeer, whether domesticated or
wild.

Keywords Domestication - Rangifer - Disturbance - Zone
of avoidance - Regional scale

Introduction

Reindeer husbandry is a traditional and essential part of the
livelihood of Sami people in Northern Europe and of major
importance to the Sami culture. The reindeer (Rangifer
tarandus tarandus) are herded in a pastoral system, where
the animals move freely in the landscape during most of the
year. One of the major threats for contemporary Sami
reindeer husbandry is habitat loss due to direct or indirect
impact from competing land use (Danell 2005; Pape and
Loeffler 2012). The UN Environment Programme and
European Union have concluded that nearly one-third of
the current traditional Sami reindeer husbandry ranges in
Northern Europe are severely affected by or partly inac-
cessible for reindeer herding due to the presence of infra-
structure, industrial development or other human activity
(UNEP 2001; Vistnes 2008). The loss of grazing land is
accelerating due to the destruction of foraging areas,
obstruction of migration routes and disturbance of reindeer
(Tyler et al. 2007). This represents a major challenge for
the reindeer herders and society in general. As a conse-
quence, the number of court cases relating to industrial
developments in reindeer-herding areas has been growing
rapidly (Ossbo and Lantto 2011).

Rangifer tarandus (reindeer and caribou—hereafter
generally referred to as “reindeer”) is a migratory species
well adapted to making use of the seasonal shifts in the
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arctic and subarctic environment (White et al. 1981).
Obstructions caused by human activity and infrastructure
are likely to affect reindeer’s choice of seasonal ranges
(Senft et al. 1987), which typically cover broad geographic
extents (Nagy et al. 2011). To understand the consequences
of anthropogenic disturbance on reindeer (or other large
herbivores), it is thus necessary to study effects over a
variety of scales. During recent decades, researchers have
identified various human-reindeer interactions, including
those with tourism and hunting (e.g. Aastrup 2000; Rei-
mers et al. 2009; Skarin et al. 2010), road traffic, heli-
copters and aircraft (e.g. Klein 1971; Harrington 2003;
Reimers and Colman 2006), infrastructure and industrial
development, such as mining, hydropower and, more
recently, wind power (e.g. Wolfe et al. 2000; Nellemann
et al. 2003; Vistnes 2008; Colman et al. 2012; Panzacchi
et al. 2012; Skarin et al. 2013). Most studies reveal a
common pattern in relation to both spatial and temporal
scales. When reindeer responses to human activity and
infrastructure are studied at the regional scale, the results
often show that reindeer avoid disturbances several kilo-
metres away, while studies performed at the local scale
close to human activity and infrastructure in most cases fail
to show any response to the source of the disturbance
(Vistnes and Nellemann 2008).

Most research on human-reindeer interactions has
involved wild reindeer in Norway and Svalbard or caribou
in North America. Consequently, recent reviews (Wolfe
et al. 2000; Reimers and Colman 2006; Vistnes and Nel-
lemann 2008) refer mainly to wild reindeer. An early
review within this field pointed out that knowledge of
domesticated reindeer in Scandinavia could aid in pre-
dicting potential problems for caribou in North America
(Klein 1971). Nonetheless, it has been questioned whether
conclusions from studies on wild reindeer can be applied to
herded reindeer, where the animals have been exposed to
domestication and may be more or less used to the presence
of humans (Reimers and Colman 2006). Wild reindeer
derived from domesticated populations have been shown to
have a shorter flight distance than fully wild reindeer
(Reimers and Svela 2001; Reimers et al. 2012), suggesting
differences depending on degree of domestication.

Animals may respond differently depending on their
previous experience of disturbance, resulting in habituation
or sensitisation, and thereby a changed tolerance level. It
should be noted, however, that differences in tolerance are
not necessarily an effect of habituation, although they are
often misinterpreted as such (Bejder et al. 2009). Although
differences in tolerance to human activity can be measured,
it is seldom possible to record true habituation or sensiti-
sation processes in human—animal interactions. The pro-
cesses occur in individual animals and, therefore, have to
be recorded over time for the same individual, while
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studies of human—animal interactions most often focus on
general responses at the population level. Nor is habitua-
tion always positive for the animal. An animal can respond
with increased tolerance to a disturbance if there is a
benefit in accepting the disturbance.

In this paper, we review 18 recent studies on the effects
of human activity and infrastructure on behaviour and
habitat use of domesticated reindeer in 12 populations and
discuss the relevance of domestication, life history and
scale. The aim is to clarify whether there are any principal
differences between domesticated and wild reindeer in
their reaction to human disturbance and, thus, to determine
the extent to which conclusions based on studies of wild
reindeer are applicable to domesticated reindeer in exten-
sive husbandry systems.

Domesticated, semi-domesticated or tame?

In the scientific literature, there is some confusion over
how to classify herded reindeer. Often these reindeer are
referred to as “domesticated” or, especially during recent
decades, as “semi-domesticated” and sometimes they are
referred to as “tame”. Within the field of animal breeding,
the term semi-domesticated has not been scientifically
defined (e.g. Hemmer 1990; Clutton-Brock 2012). How-
ever, M. Utsi used it in 1948 and Y. Espmark in 1964,
probably through a desire to distinguish the degree of
domestication of reindeer compared to other livestock. The
term became increasingly common in the literature from
the late 1970s. Taming, on the other hand, is a training
process through which the animal becomes accustomed to
humans; this is unrelated to the genetic selection process
associated with domestication. Both wild and domesticated
animals can be tamed (Hemmer 1990). Therefore, “tame
reindeer” is generally not an accurate term for Fenno-
scandian reindeer herded in extensive systems. Irrespective
of the degree of domestication, different reindeer herds
may exhibit different degrees of tameness depending on the
intensity of human handling. In this review, we have
chosen to use the term domesticated to describe herded
reindeer, reasoning that these animals are as domesticated
as they need to be for the practical management of the herd.

Behavioural traits, breeding and domestication
of reindeer

Human-reindeer history goes back to the Palaeolithic
period (Helskog and Indrelid 2011; Clutton-Brock 2012)
and involves hunting of wild reindeer as well as keeping
domesticated reindeer for transportation, clothing and food
(Bjgrklund 2013). Of the seven different subspecies of
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Rangifer tarandus (Banfield 1961), the Eurasian tundra
reindeer (R t. tarandus) is by far the most common ancestor
of the domesticated reindeer (Roed et al. 2008). The
domestication of reindeer has mainly included breeding for
characteristics that make the animals easier to gather and
handle, characteristics that also has importance for their
reaction towards disturbances.

Selection of individuals that are easy to handle has
resulted in a reduction in the animals’ aggression and vigi-
lance when in contact with humans (Baskin 1986; Baskin and
Hjdltén 2001). Nevertheless, reindeer are still at a rather
weak stage of domestication and their tolerance to humans
cannot be compared with that of cattle, sheep or dogs for
example, where the animals’ vigilance behaviour has been
fundamentally reduced (Hemmer 1990). Typically for most
species, the most important step in the domestication is the
reduction in the animals’ sensitivity to changes in the envi-
ronment (Price 1999). The latter is linked to keeping the
animal in a “safe” environment, with an absence of stimuli
that might imply a threat. Domesticated reindeer, on the
other hand, are not particularly protected, nor found outside
their native habitats. The herder, therefore, has had little
reason to breed for characteristics that help the animal to
cope with a confined environment. Thus, domesticated
reindeer express most traits in relation to their environment
in the same way as their wild relatives, and we can expect
similar behaviour, regarding for example avoidance of haz-
ards, in both domesticated reindeer and wild reindeer or
caribou (Skjenneberg and Slagsvold 1968; Klein 1971).

The reindeer’s tendency to stay in tight herds was
probably important when humans started to handle rein-
deer. During the domestication, herders were more likely to
have retained individuals that stick with the herd, rather
than solitary individuals (Kitti et al. 2006; Zhigunov 1968).
The herd behaviour of the domesticated reindeer is,
therefore, expected to be even more gregarious than that of
wild reindeer and caribou, which can have implications for
their sensitivity to human activity and disturbances (Skj-
enneberg and Slagsvold 1968; Knight and Cole 1995).
Tundra-dwelling reindeer exhibit more gregarious behav-
iour than taiga-dwelling reindeer, probably as a strategy for
avoiding predators in the open landscape (Baskin 1986).
The difference is also found between the different ecotypes
of North American caribou, where barren-ground caribou
are more gregarious than the sedentary ecotypes (Bergerud
1988). We can also speculate in that differences in hunting
pressure have strengthened the social bonds and increased
the gregarious behaviour in Eurasian reindeer more than in
caribou. In Eurasia, the reindeer have been exposed to
hunting from the Palaeolithic to the present (Helskog and
Indrelid 2011), whereas in North America, human hunters
have only been present for the last 20-30 thousand years
(Goebel et al. 2008).

The historical use of reindeer in Eurasia has changed to
different degrees, from simply hunting wild reindeer to
intensive herding, where the animals were even milked
(Helskog and Indrelid 2011; Bjgrklund 2013). This has
affected both the degree of domestication and the degree of
tameness. Today we can probably find the highest degree
of tameness among reindeer herded by nomadic people in
eastern Eurasia (Oskal et al. 2009). In the Sami reindeer-
herding area, covering northern Fennoscandia, reindeer
herding is generally extensive. The animals move freely in
the landscape for most of the year and are usually less
thoroughly managed than they have been during preceding
centuries of more intense herding. They are little influ-
enced by the reindeer herders, other than occasional
migrations, gatherings and calf markings (Kitti et al. 2006).

Hierarchical scales of selection

In order to examine reindeer’s responses to human activity
and infrastructure, it is necessary to examine the world from
the perspective of the animal (irrespective of degree of
domestication) and not the physical habitat perceived by
humans. In studies of animal resource selection, the
importance of recognising scaling has been evident for at
least four decades (Wiens 1973; Johnson 1980). Thus, we
need to identify the spatial and temporal range within which
these animals operate (Manning et al. 2004; Mayor et al.
2009). In 1980, Johnson presented a methodological
approach for analysing usage in relation to availability in
studies of animal resource preference. He suggests that a
natural ordering of the selection process should be identi-
fied, from selection of the physical or geographical range of
a species (first-order selection), to home range selection
(second-order selection), usage within that home range
(third-order selection), and finally selection of food items
(fourth-order selection). A few years later, a theory with a
similar approach was presented by Senft et al. (1987),
describing how large herbivores forage in ecological hier-
archies (Fig. 1). This theory is based on herbivore foraging
response patterns, which operate at three main scales
(regional, landscape and patch). The scales are defined by
rates of foraging processes, with boundaries defined by
animal behaviour. Decisions at the largest of these (the
regional scale) potentially have the greatest impact on ani-
mal survival and performance since they occur infrequently
and often constrain the lower level processes (Senft et al.
1987; Rettie and Messier 2000). When studying the effect of
human activities and infrastructure, non-interactive factors
such as barriers in the landscape, are important and also
have a greater impact on habitat selection at higher levels
than at lower levels (Senft et al. 1987). Choices at the
regional scale or second-order selection for reindeer include
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Regional scale

Migration or movement corridors used between

seasonal ranges and feeding areas
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Local scale

Patch or feeding site
used during hours or
minutes
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Intermediate scale

Feeding areas used
during days, weeks or
months

Fig. 1 Scales of selection to define reindeer foraging processes, used in the categorisation of the reviewed studies, illustration modified from

Senft et al. (1987)

herd migration between seasonal ranges (Rettie and Messier
2000; Apps et al. 2001; Mayor et al. 2009) or herders
moving animals between ranges ( Kitti et al. 2006; Degteva
and Nellemann 2013); this represents a kind of a landscape-
departure mechanism rather than landscape selection (Senft
et al. 1987). An example of choice at the landscape scale or
third-order selection is movement to a new foraging area or
patch when foraging conditions become poor (because of
weather or previous grazing, for example). Choices at the
smallest scale (the patch or fourth-order selection) often
relate to the animals’ response to vegetation type or plant
species (Bailey et al. 1996; Senft et al. 1987) and are thus
little affected by non-interactive factors.

The above approach is commonly used when studying
large herbivores (domestic as well as wild) as a way to
handle the perceptions of the animal at appropriate spatial
and temporal scales. Recent studies on animal resource
selection use new statistical methods enabling a more
dynamic approach, where the full spatial and temporal
spectrum of the animals’ behaviour can be analysed
simultaneously (Leblond et al. 2011; Benhamou and Ri-
otte-Lambert 2012; Wilson et al. 2012). This minimises the
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risk of missing important behavioural responses at scales
that are not explicitly identified in a study.

In their review, Vistnes and Nellemann (2008) identified
85 studies on the effects of human activity and infra-
structure on reindeer and concluded that the reaction of
reindeer to disturbance differs substantially depending on
the scale examined in the study. They found that 32 out of
36 reviewed studies focusing on local (up to 2 km from a
disturbance) and direct effects concluded that the impact on
reindeer was small and short-lived. In contrast, when whole
populations were examined, and the studies included
longer time spans and areas more than 2 km from the
disturbance source, the results showed clear effects of non-
interactive factors on the habitat selection by reindeer.
Most often (in 44 out of 49 regional-scale studies) the
animals avoided a large area around the disturbance.

Disturbance studies involving domesticated reindeer

Based on the reasoning by Johnson (1980), Senft et al.
(1987) and Vistnes and Nellemann (2008), we chose to
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divide the 18 reviewed studies into regional, intermediate
and local-scale studies (Fig. 1; Table 1). The criteria for a
regional study were that it should include at least a whole
seasonal grazing range (second-order selection) and an area
further than 2 km away from the disturbance source. The
whole population in question should be included and the
observations made from a long-term perspective (months/
years/decades). We defined an intermediate study as one
including habitat selection within the landscape scale (e.g.
part of a seasonal range or third-order selection) and
reindeer habitat selection further than 2 km away from the
disturbance source and having a time perspective of at least
months. A study was defined as local if the animals’
selection was made within plant communities or patches
(fourth-order selection), if it included the recording of
short-time periods (min/h) and involved only part of the
reindeer population, usually conducted within a distance of
2 km of the source of disturbance. A regional study could,
therefore, include all scales of selection from region to
patch, while an intermediate study could include both the
landscape and patch scale of selection.

Two studies by Flydal et al. (2004, 2009) were defined
as strictly local as they describe observations over a short-
time period, involving a few individuals in enclosures with
a wind turbine and two parallel high voltage power lines,
respectively. The short-term observations consisted of scan
and focal sampling of animals. The scan sampling was
undertaken every 10 min, recording the behaviour of all
animals in the group. In the focal sampling, the behaviour
of a focal animal was observed for 5 min out of every
20 min. All sampling was performed during daylight hours.
Two other studies defined as local (Baskin and Hjiltén
2001; Nieminen 2013) recorded reindeer flight reactions to
direct provocation by a human on foot. Baskin and Hjiltén
(2001) compared eight reindeer populations of different
genetic and phenotypic backgrounds (e.g. from wild to
domestic and with different degrees of previous interaction
with humans). Nieminen (2013) compared reactions of
wild forest reindeer with reactions of domesticated reindeer
both in forests and in open tundra.

Four of the reviewed studies (Skarin et al. 2008; Bergmo
2011; Colman et al. 2012, 2013) were defined as studies
performed at the intermediate scale. They all describe long-
term habitat use and selection of vegetation or habitat
quality within part of a seasonal grazing range. Bergmo
(2011) counted faecal pellet groups within 5 km of a
132 kV power line in part of a summer grazing area (not
involving the whole herd). The two studies by Colman
et al. (2012, 2013) use some of the same data from two
adjacent peninsulas (around 100 km? each) that were part
of the total summer range (>1,000 kmz) of a reindeer herd
at Nordkinn in northern Norway. They counted and
determined locations of the reindeer in the study area once

a month from June to September (Colman et al. 2012,
2013) and performed pellet-group counts (Colman et al.
2013) within 10 km of a wind power park situated on one
of the peninsulas, then compared this to a reference area on
the other. The studies were conducted over 5 years and
thus had a long-term perspective. Skarin et al. (2008)
studied reindeer habitat selection within home ranges (i.e.
Johnsons second order of selection or Senfts landscape
scale) defined from continuous reindeer GPS location data
during two snow-free seasons (May—September). The study
evaluated the reindeer’s use of home ranges in relation to
houses, camp sites and hiking trails, topography and veg-
etation types in three different grazing areas. This study is
somewhere in between the intermediate and regional scale.
Whole grazing ranges were studied, and a long-term per-
spective was used; however, habitat selection was studied
within defined home ranges (third-order selection) and the
placement of the home range within the landscape (second-
order selection) was not statistically analysed.

Ten of the reviewed studies could be defined as truly
regional. Helle and Sirkeld (1993) and the follow-up study
by Helle et al. (2012) used direct observations of reindeer
and pellet-group counts to study changes in reindeer habitat
use over time around Saariselkd tourist resort in Finland.
Vistnes and Nellemann (2001) used data from observation
surveys from a calving range during two consecutive years,
evaluating the effect of a cabin area, roads and power lines.
Skarin et al. (2004) used pellet-group counts and aerial
surveys to register reindeer habitat use in relation to tour-
ism, insect harassment and vegetation types in two summer
ranges in the southern part of the Swedish mountains.
Skarin et al. (2010) used the same reindeer GPS data as
Skarin et al. (2008) above, but in this case to examine
reindeer movement rate rather than habitat selection within
home ranges. Skarin (2007) used pellet-group counts from
the same summer grazing ranges as those studied in Skarin
et al. (2008, 2010). Thus, Skarin (2007) and Skarin et al.
(2010) compare reindeer habitat selection and activity,
respectively, in two Swedish mountain areas with different
degrees of tourism impact. Lundqvist (2007) partly used
the same GPS data as Skarin et al. (2008, 2010) to study
fragmentation (barrier effects) caused by hiking trails and
roads. Kumpula et al. (2007) and Anttonen et al. (2011)
used results from the same GPS-collared reindeer in Fin-
land. Kumpula et al. (2007) evaluated effects of forest
harvesting and linear infrastructures on reindeer home
range and habitat selection, while Anttonen et al. (2011)
focused on the reindeer’s reactions to infrastructure and
human activity. Skarin et al. (2013) used GPS data and
pellet-group counts to study how reindeer were affected
during the construction of two small wind power parks in a
calving and summer range within a forest area in northern
Sweden.
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Table 1 The reviewed studies on effects of human disturbance on herded domesticated reindeer classified as either local, intermediate or regional, in accordance to hierarchical scaling theory
by Senft et al. (1987), the methodological approach by Johnson (1980) and criteria used by Vistnes and Nellemann (2008)

Source Spatial Time units of Method used Sex Infrastructure and/or Kind of disturbance Effect of Zone of
range (km) process studied studied human activity disturbance avoidance (km)
Local-scale studies®
Flydal et al. (2004) 0-0.5 Min-hour Focal obs. of 3-5 reindeer in Infrastructure Wind power plant No effect -
enclosures
Flydal et al. (2009) 0-0.5 Min-hour Focal obs. of 3—12 reindeer in Infrastructure Power line No effect -
enclosures
Baskin and Hjiltén 0-0.5 Min-hour Observations of reindeer in F, M Human activity Humans on foot Negative -
(2001) the open landscape (provoked until
disturbed)
Nieminen (2013) 0-1 Min-hour Observations of reindeer in F,M Human activity Humans on foot Negative
the forest (provoked until
disturbed)
Intermediate scale®
Bergmo (2011) 0-5 Months—years Pellet-group count F,M Infrastructure Power line Positive/no -
effect
Colman et al. 0-7 Months—years Counting reindeer, pellet- F, M Infrastructure and Wind power park Negative/no 0-0.1
(2013) group count human activity effect
Colman et al. 0-7 Months—years Counting reindeer F,M Infrastructure and Wind power park No effect -
(2012) human activity
Skarin et al. (2008) 0-30 Months—years GPS collars on 48 reindeer F Infrastructure and Hiking trails mountain No effect -
human activity cabins Negative
Regional-scale
studies®
Helle och Sérkelda  0-15 Months—years Counting reindeer, pellet- F,M Infrastructure and Tourist resort, hiking and Negative 0-12
(1993) group count human activity snow mobile trails
Helle et al. (2012)  0-15 Months—years Counting reindeer, pellet- F, M Infrastructure and Tourist resort, hiking and Negative 04
group count human activity snow mobile trails
Vistnes and 0-10 Months—years Counting reindeer F Infrastructure and Power lines, roads and Negative 04
Nellemann human activity cabin area
(2001)
Skarin et al. (2004) 0-15 Months—years Pellet-group count and aerial F, M Human activity Hiking trails Positive -
observations
Skarin et al. (2010) 0-30 Months—years GPS collars F Human activity Hiking trails Negative/ -
positive
Skarin (2007) 0-25 Months—years Pellet-group count F, M Infrastructure and Hiking trails mountain Positive -
human activity cabins Negative
Lundqvist (2007) 0-20 Months 10 GPS collars F Infrastructure and Roads Negative 0-1
human activity Hiking trails No effect

[otg rejod
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Table 1 continued

Zone of

Infrastructure and/or Kind of disturbance Effect of

Sex

Method used

Time units of

Spatial

Source

avoidance (km)

studied human activity disturbance

process studied

range (km)

Negative

Linear structures, forest

Infrastructure

F

29 GPS collars

<15 Months—years

Kumpula et al.

plantations

(2007)
Anttonen et al.

0-2.5
0-1.5

29 GPS collars F Infrastructure and Tourist resort Negative

Months—years

<15

Negative

Main roads, hiking and

human activity

(2011)

snow mobile trails

0-3.5

Wind power park Negative

Infrastructure and

F, M

9-16 GPS collars, pellet-

Months—years

Skarin et al. (2013) 0-15

Negative

Main roads

human activity

group count

Negative/

Power lines

positive

% Local studies <2 km from the source of disturbance and/or including only part of the population

® Intermediate studies >2 km from the source of disturbance only including part of the population

¢ Regional studies >2 km from the source of disturbance and including the whole population

In addition to the studies reviewed over domesticated
reindeer, we made an extended search for published studies
on wild reindeer and caribou in Web of Science, to com-
pare results on “zone of avoidance” for domesticated and
wild reindeer and caribou (Table 2). The search criteria
was as follows: “Rangifer” and publication year 2000 to
2013 combined with “anthropogenic disturbance”, “zone
of influence”, “zone of avoidance”, or “infrastructure”.
The obtained publications were then manually selected to
find those with information on zone of avoidance from
human activity or infrastructure.

Relevance of a large-scale perspective for domesticated
reindeer

Following the classification of Vistnes and Nellemann
(2008), we found that all reviewed studies with a regional-
scale perspective revealed an impact of human disturbance
on reindeer (although in some cases positive), while
studies at smaller scales found vague or no effects of the
disturbance source investigated. The local-scale studies
had the same focus as previous studies involving wild
reindeer and measured responses that appeared in animal
flight reactions or short-term behavioural changes. As in
studies of wild reindeer (e.g. Hanson 1981; Reimers and
Svela 2001), few signs of avoidance or disturbance were
found for domesticated reindeer at this scale of perception
(Flydal et al. 2004, 2009). Baskin and Hjiltén (2001) found
that domesticated reindeer had a shorter flight distance
than wild reindeer, but still they fled from an approaching
person. Nieminen (2013) made similar observations and
also found that reindeer that were fed by their herders were
easier to approach. In many of the local-scale studies, the
animals were either restricted to a small area or were
individuals that, for some reason, have taken up residence
in the neighbourhood of the disturbance source (e.g. Ba-
skin and Hjiltén 2001; Reimers and Colman 2006). In the
latter case, it is usually unclear if, or how, the studied
individuals differ from other reindeer from the same herd,
e.g. in how susceptible they are to human activity.
Studies defined as intermediate scale (Skarin et al. 2008;
Bergmo 2011; Colman et al. 2012, 2013) may not dem-
onstrate any effects of human activities or infrastructure, at
this scale preferred forage types are usually more impor-
tant (Senft et al. 1987). Skarin et al. (2008) found clear
selection of vegetation type, along with a preference for
certain altitudes and aspects. Avoidance of cabin areas and
solitary houses could, however, be demonstrated during the
post-calving period, while no response to hiking trails was
found at any time during the summer. Colman et al. (2013)
found that roads to the wind power park were avoided by a
margin of 500 m during the year of construction, but not
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Table 2 Zone of avoidance found around main roads, power lines and tourist resorts or population centres at the regional scale in studies of domesticated reindeer, wild reindeer and caribou,

based on an extended search for wild reindeer and caribou in the Web of Science

Type of disturbance

Domesticated reindeer (R. t. tarandus)

Wild reindeer (R. t. tarandus)

Caribou (R. t. ssp)

Zone of Season Source Zone of Season Source Zone of Season Source
avoidance avoidance avoidance
(km) (km) (km)
Population centres 2.5 Winter Anttonen et al. (2011) 5 Winter Nellemann et al. 3 Summer Polfus et al. (2011)
(2000)
8-12 All year Helle and Sirkeld (1993) 2.5-5 Winter Nellemann et al. 9 Winter Polfus et al. (2011)
(2001)
4 All year Helle et al. (2012) 15 Winter Nellemann et al.
(2010)
4 Calving Vistnes and Nellemann (2001)
Mines 14 Winter Boulanger et al. (2012)
0.25 Summer Polfus et al. (2011)
2 Winter Polfus et al. (2011)
4 All year Weir et al. (2007)
6 Calving Weir et al. (2007)
Wind power 3.5 Calving Skarin et al. (2013)
(construction)
Main roads 1.5 All year Anttonen et al. (2011) 5 Winter Nellemann et al. 2 All year Polfus et al. (2011)
(2001)
summer
1 Summer Lundqvist (2007) 1-10 All year Panzacchi et al. 4 Calving Cameron et al. (2005)
(2012)
5 Winter Luell and Strand 5 All year Leblond et al. (2013)
(2006)
2.5 Summer Vistnes et al. 4 Calving Joly et al. (2006)
(2008)
1.25 All year Leblond et al. (2011)
Hydro power 4 Summer Nellemann et al. 3 All year Mahoney and Schaefer
(2003) (2002)
Power lines 4 Calving Vistnes and Nellemann 2.5 Winter Nellemann et al.

(2001)

(2001)
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avoided during later years. What they did observe, like
Skarin et al. (2008), was a preference for high-quality
vegetation types within the study area. The authors point
out the limitations of their study, i.e. that it was conducted
on a peninsula, giving the reindeer little opportunity to
escape the area and that it did not include the range of the
whole reindeer herd. Nevertheless, they state that their
results stand in contrast with former large-scale studies
(Nellemann et al. 2000, 2003; Vistnes and Nellemann
2001; Vistnes et al. 2001, 2004). However, within the
hierarchy and considering that the study was undertaken at
the (or third-order selection) landscape scale, the limited
response to the disturbances studied could, perhaps, be
expected. Plausibly, at this scale, the most important fac-
tors for habitat selection are vegetation type and habitat
quality, which they also showed.

Physical barriers in the landscape may hinder animals
from moving between ranges, and the effects of these are
probably apparent at the regional scale (Senft et al. 1987;
Vistnes and Nellemann 2008). Bergmo (2011) and Colman
et al. (2012) studied the effects of barriers in the landscape
at the intermediate scale, where effects are probably not
evident because the reindeer have already made a selection
at the regional scale. In Colman et al. (2012), the reindeer
density on the peninsulas studied (4 reindeer/km?; from
Colman et al. 2013) compared to the remaining Nordkinn
area (9-10 reindeer/kmz) reveals a substantial difference
between the ranges, indicating possible selection before the
reindeer enter the study area. Since neither Bergmo (2011)
nor Colman et al. (2012) found any effect of barriers, it is
possible that there really is none, but because there is no
information about reindeer distribution at the regional
scale, the results are hard to interpret. Furthermore, it is
unclear how the studied reindeer relate to the rest of the
herd as regards tolerance to disturbance.

Out of the ten regional-scale studies reviewed, nine
showed that human activity and infrastructure had a neg-
ative impact on reindeer’s choice of grazing range. In some
of these, a zone of avoidance around the disturbance,
ranging from 1 to 12 km depending on type of human
activity and infrastructure, could be identified and esti-
mated. Main roads were avoided by a distance of 1-1.5 km
(Lundqvist 2007; Anttonen et al. 2011), population centres
by 2.5 km (Anttonen et al. 2011) and tourist resorts with
hiking and snow mobile trails by up to 8—12 km (Helle and
Sarkeld 1993). In the latter area, avoidance declined after
actions had been taken to reduce the disturbance, but
female reindeer still avoided the closest 4-km zone around
the resort (Helle et al. 2012). Skarin (2007) found that
reindeer avoided staying close to mountain cabins and
lodges during summer, while a preference for hiking trails
was reported by both Skarin et al. (2004) and Skarin
(2007). In Skarin et al. (2010), the reindeer movement rate

increased close to hiking trails (suggesting an aversion
effect of trails) in a region with a low density of hiking
trails, while the movement rate decreased in a region with a
high density of hiking trails (suggesting a higher tolerance
to the trails). Note the difference in results between this
study and Skarin et al. (2008), where the same data are
used, studying reindeer third-order selection, in the latter
there is no effect of hiking trails on reindeer habitat
selection. Vistnes and Nellemann (2001) observed female
reindeer during calving in 2 years and found that the
reindeer avoided a cabin area with power lines and roads,
as well as a separate power line, by a distance of 4 km.
Likewise, Skarin et al. (2013) found that reindeer avoided
existing power lines and main roads during the whole
snow-free season. Furthermore, previously preferred ran-
ges were avoided when construction of a wind power park
started, with animals keeping 3.5 km away during the
calving period. There was also a corresponding increase in
the use of adjacent areas that had been used less before the
wind power construction.

Anttonen et al. (2011), studying reindeer habitat selection
at both the regional and intermediate scale, evaluated
selection of home range area and habitat within the home
range and found the strongest avoidance of infrastructure and
human activity associated with selection of home range area
(i.e. regional scale). The avoidance was observed in both
winter and summer, although it was stronger in winter. Using
the same GPS data, Kumpula et al. (2007) showed that
reindeer preferred old-growth forest and avoided linear
structures and felled areas in winter, both when selecting
home range (second-order selection) and in the (third-order)
selection of habitat within their home range. The strong
preference for old-growth forest on both scales was
explained by high availability of lichens. Comparing regio-
nal and intermediate scales of selection reveals stronger
responses to human activity and infrastructure at the larger
scale. These two studies and the other studies discussed
above provide empirical evidence that important effects of
human activities and infrastructure may be missed if we do
not conduct studies at a regional scale.

GPS data potentially provide data over long time and
large scale but usually on few individuals (because of the
relatively high costs). Pellet-group counting (faecal den-
sity) measures the accumulated use of an area over a
defined time period and is a common method to determine
long-term habitat use by animals (Skarin 2007). However,
pellet-group count data need to be corrected for possible
differences in decay rate in different vegetation types
(Skarin et al. 2008). This is accounted for in the regional-
scale studies reviewed (Helle and Sidrkeld 1993; Skarin
2007; Helle et al. 2012), while it is missing in the inter-
mediate scale studies (Bergmo 2011; Colman et al. 2012,
2013).
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Infrastructure or human presence?

Research on domesticated and wild reindeer over the past
15-20 years shows that the most commonly identified
response to continuous disturbance or permanent inter-
ventions, such as roads, power lines, buildings, pipelines,
mines, etc., is that the animals avoid the source of distur-
bance by a distance of 0.25 to 15 km at the regional scale
(Table 2). Human presence related to infrastructure
increases the sensitivity of wild animals to disturbance
(Frid and Dill 2002). We could, therefore, expect some
differences between wild and domesticated animals in their
avoidance distance depending on whether there are humans
present or not. This could either be an effect of domesti-
cation, making domesticated animals less vigilant in gen-
eral, and thereby more tolerant towards human activity, or
because domesticated animals are more accustomed (tame
to some degree) to humans than wild ones and therefore do
not show the same level of avoidance of humans. Com-
paring avoidance distances in studies of domesticated and
wild reindeer (Table 2) suggests longer distances when
human activity is involved in the disturbance (compare, for
example, main roads to population centres). There is,
however, no obvious difference related to degree of
domestication. The avoidance distance from a tourist resort
was about the same for domesticated reindeer (Helle and
Sarkeld 1993) as for wild reindeer in Norway (Nellemann
et al. 2010). However, due to differences in methodology
and degree of human activity and infrastructure in the
different studies, it is not possible to distinguish whether
domesticated reindeer approach sources of disturbance
more closely than wild reindeer and caribou.

Effects of nutrition and season

As pointed out by Bejder et al. (2009), the effects of human
disturbance on wildlife are complex and cannot be captured
solely by measures of range use or observations of animal
behaviour. This is also true for free-ranging reindeer. The
full effects are manifested in body condition, survival and
reproduction. However, since animal nutrition is affected
by a variety of naturally fluctuating factors, weather in
particular, the effects of a certain disturbance source on
body mass or calving success, for example, are not easily
distinguished from naturally occurring effects. Even in
experimental set-ups, it is hard to arrange studies in which
nutritional conditions could be standardised.

Avoidance of an area with good pasture will evidently
result in either increased animal density in alternative areas
or use of areas that are otherwise abandoned and presum-
ably of less good quality. Even if reindeer have access to
seemingly (to the human eye) high quality pasture, there
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are large variations in nutritional quality between different
plants and plant parts. White (1983) has elegantly illus-
trated the multiplier effect of the animals’ ability to select
highly digestible forage. Using an example associated with
reindeer grazing, the author demonstrates how a small
increase in plant digestibility (14 %), more than doubles
the projected body weight gain. High animal density,
restricted availability of edible plants or a smaller portion
of plants with high nutritive quality will ultimately impair
animal nutrition and negatively affect future survival and
reproduction.

During periods of nutritional stress, animals will be
especially sensitive to disturbance. As described in Vistnes
and Nellemann (2001), and Skarin et al. (2008, 2013), the
calving period is a time when female reindeer are partic-
ularly sensitive to disturbance. The energy demand asso-
ciated with lactation is high, and the growth of new
vegetation has just started (White 1992). Any disturbance
that prevents the female from using the available pasture
will thus be detrimental. Furthermore, Anttonen et al.
(2011) showed that reindeer were more sensitive to human
disturbance in late winter compared to summer—autumn
and early winter. In late winter, reindeer have usually
depleted much of their fat reserve, and at the same time,
hard snow and ice crusts may obstruct foraging. Thus, there
seems to be an agreement that the calving period and late
winter are generally the most sensitive periods for both
wild and domesticated reindeer with respect to disturbance.

Adult females will also be more affected by disturbance
during times other than calving, since they differ from bulls
and juveniles in their reaction to disturbances. While bulls
and yearlings graze in separate herds during the summer
and more often favour good pasture, females have been
shown to prefer an undisturbed environment at the expense
of forage quality (Maier et al. 1998; Helle et al. 2012). The
difference in response between the sexes has great rele-
vance for reindeer husbandry, where the herd is mostly
made up of reproductive females, with young animals and
bulls representing only a small proportion (in Sweden, on
average 90 % of the reindeer over 1 year of age are
females according to data from the Swedish Sami Parlia-
ment). This implies that there is a larger proportion of
sensitive animals in domesticated populations than in wild
populations.

Tolerance and habituation

Habitation processes are hard to follow and seldom
reported (Bejder et al. 2009). The change in tolerance level
towards a disturbance is more often reported. However, to
date, there is little proof of increased tolerance among wild
reindeer at the regional scale (Vistnes and Nellemann
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2008). For example, wild reindeer in Norway were shown
to avoid 10 alpine ski resorts during a 20-year period and
did not come back to these areas until ski trails and asso-
ciated cabins were removed (Nellemann et al. 2010). There
was no sign of the reindeer returning to the areas before
removal of the cabins and trails, demonstrating that this
was a response to the removal and not increased tolerance
of their presence. Helle and Sérkeld (1993) observed that
domesticated reindeer, especially females with calves,
avoided the area around a large tourist resort up to a dis-
tance of 812 km. In 2000, after actions had been taken to
direct human utilisation of the area to fewer and better
marked routes for hiking and skiing, the female reindeer
came closer to the tourist site (Helle et al. 2012), but still
avoided the area within 4 km of the resort. Despite of a
doubling of the number of visitors, the actions apparently
enabled the reindeer to return, in part, to their original
ranges. In this case, the actions implemented apparently
had a major effect. However, a possible increase in toler-
ance towards humans (habituation) could not be excluded.
Even though habituation of reindeer to human activities
would make the coexistence between modern society and
reindeer herding easier in many ways, habituation is not
unambiguously “good” (Bejder et al. 2009). If, for exam-
ple, reindeer are habituated to roads, both reindeer and
humans can suffer because of an increase in the number of
animal—-vehicle accidents.

Clear differences between wild and domesticated rein-
deer with respect to their tolerance to human presence were
found at the local scale by Baskin and Hjéltén (2001). They
observed that humans on foot came closer to domesticated
than to wild reindeer before the animals took flight. They
also found that larger groups of reindeer tolerated humans
at a closer distance, as did groups with mainly males
compared to those with females. The former contradicts
our previous reasoning that domesticated reindeer, with
stronger social bonds and moving in larger herds, are likely
to be more vigilant. However, we would argue that reindeer
being approached react in a different way than reindeer
approaching an object. When a herd is approaching, the
most vigilant animals will decide the behaviour of the herd:
when they take flight or choose another route, the rest of
the herd will follow (Knight and Cole 1995). This is not the
case when a herd is being approached. In this situation, the
(false) security of being part of a large herd might make the
animals remain in their location as long as possible.

One of the keys to understanding the long-term effect of
disturbance is the difference between individuals in
regional avoidance discussed above. Even though there are
seemingly unaffected animals residing near human inter-
ventions, there may also be animals that have withdrawn
from the area because of the disturbance. The overall

reaction of the herd is based on a continuum of individual
tolerance within the population (Knight and Cole 1995;
Vistnes and Nellemann 2008; Bejder et al. 2009). Thus,
despite the fact that some local short-term studies have
found that reindeer may develop increased tolerance to
human disturbance over time, it is risky to draw conclu-
sions on how, for example, a permanent industrial expan-
sion may affect animal populations on a larger scale
(Bejder et al. 2009).

Conclusion

Based on our review, we conclude that a large-scale
(regional) and long-term (month/year) perspective is nec-
essary to catch the reindeer’s perspective related to human
activity and infrastructure. At smaller scales, it is not
possible to fully detect the possible implications of barriers
or obstructions in the terrain that may hinder the animal to
escape a disturbance and force it to choose a certain hab-
itat. Looking at the intermediate or local scale will mainly
reveal the reindeer’s selection of patches, in relation to
forage quality, within a home range or an important area.
Despite a long domestication, reindeer within Sami rein-
deer-herding systems exhibit similar patterns of large-scale
avoidance of anthropogenic disturbance as wild Rangifer,
although the strength of their response may sometimes
differ. There may be somewhat shorter avoidance distances
among domesticated reindeer, but there is still an upper
limit for the amount of disturbance domesticated reindeer
will withstand. The largest differences between wild and
domesticated reindeer are found in local and short time
scale studies. However, at this scale, the overall effects of
human disturbance cannot really be evaluated. To obtain a
true picture of how reindeer use their ranges, it is of fun-
damental importance to study the response pattern at a
spatial and temporal scale that is relevant to the reindeer,
whether domesticated or wild. Moreover, recent analytical
methods available can also be used to better grasp the full
spatial and temporal spectrum of animal habitat use. For
management purposes, quantification of zone of avoidance
for domesticated reindeer, and subsequent effects on ani-
mal condition and herd productivity, is still needed. This is
especially important in relation to the ongoing and rapid
development of mining and large-scale wind farms within
the Sami reindeer husbandry ranges.
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