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Abstract

Depending on the spatial scale, fluctuations in the area use of social, migratory herbivores may be related to changes in popu-
lation size, season, predation, climatic variation, different types of disturbance, and random animal movement. We present a
review and case study highlighting how study design limitations and publication bias have influenced our current knowledge
on effects of human disturbance on Rangifer spp. Our case study illustrates how yearly variation may lead to false conclusions
about the effects of infrastructure. From 58 analyses presented in 52 reviewed papers, we found that 14 analyses had study
designs comparing area use before and after construction of infrastructure, 24 included spatial time series of > 6 years, 21
included spatiotemporal variation in their analyses, and only six contained both static and dynamic habitat variables. Cat-
egorizing the 58 analyses into 404 specific outcomes, we found that 64% of the authors focused their conclusions on negative
effects and 14% focused on mixed effects but emphasized on negative effects of human activities and infrastructure, while
only 53% of the outcomes actually showed negative effects, 34% no effects and 13% positive effects. Our review shows that
only one study had a before—after-control-impact (BACI) design, and a majority of publications do not include before—after
(BA) designs (76%), have not included spatiotemporal variation (64%), and do not evaluate the effects of spatial fluctuations
on Rangifer area use at long enough time intervals (only 8 studies had > 10 years data). Although Rangifer is vulnerable to
human disturbances, we have showed how the effects of infrastructure differ among studies and highlight the need for study
designs that integrate and account for spatiotemporal variation in future studies, for a better understanding of Rangifer (or
wildlife) area use in relation to anthropogenic effects.

Keywords Area use - Confounding factors - Human disturbance - Publication bias - Rangifer tarandus - Spatiotemporal
scale

Introduction

Animals move, constantly making habitat selections based
on resources, threats and disturbances that interact, vary over
time and are unevenly distributed within their home ranges
(Borger et al. 2008), while terrestrial mammals in particular
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show restrictions in movement globally due to increased
anthropogenic footprint and other environmental interact-
ing factors (Tucker et al. 2018). Understanding the effects
of humans and human disturbances on area use may be com-
plex, and appropriate scaling is a focal point in questions
relating to anthropogenic effects on wildlife (Johnson et al.
2005; Polfus et al. 2011; Boulanger et al. 2012; Johnson
and Russell 2014; Long et al. 2015; Northrup et al. 2016).
Multi-scale resource selection modelling is used to identify
factors that limit species distributions across scales of space
and time (DeCesare et al. 2012), but results from such mod-
els are necessarily scale specific, as different behavioural
responses appear within different spatial scales (e.g. Boyce
2006). In order to draw inferences relevant for management
decision and legal constructs for critical habitats (DeC-
esare et al. 2012), there is a need to emphasize “the scales
that matter” depending on animal resource selection and
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avoidance responses in a heterogeneous landscape (Hobbs
2003). Furthermore, it is becoming increasingly apparent
how temporal scale is of the essence when evaluating the
effects on wildlife area use from environmental and human
activity and infrastructure changes at larger geographical
scales (e.g. Long et al. 2015; Northrup et al. 2016; Skarin
and Alam 2017).

Rangifer, with its large population ranges, circumpolar
distribution, and potential vulnerability to human distur-
bance, is a model species for questions relating to human
activity and infrastructure and scaling effects (e.g. Bergerud
et al. 1984; Wolfe et al. 2000; Vistnes and Nellemann 2008a;
Skarin and Ahman 2014). Most Rangifer populations live
in groups that may constitute hundreds or ten thousands of
animals, constantly on the move within or between seasonal
pastures (Skogland 1989; Bergerud et al. 2008), and within
habitats of varying pasture characteristics, human influence
and risk of predation. Populations of Rangifer utilize areas
ranging in size from about 200 to 8000 km? in Southern Nor-
way to several hundred thousands of km? in North-America
and Russia (Klein 1994). Living in large groups necessitates
expansive ranges, and an increase in population size is often
followed by an expansion of the population’s range (Reimers
et al. 2007; Bergerud et al. 2008). Movements within large
ranges allow for a dynamic utilization of pastures, as well as
avoidance of areas with increased predation risk or human
infrastructure. When navigating in a so-called “landscape
of fear” (Allen et al. 2014; Lone et al. 2014), decisions are
trade-offs between optimizing resource availability and
reducing the risk of life-threatening encounters with preda-
tors, including humans. Since reindeer and caribou are
dynamic in their area use and move over long distances in
response to changing environmental factors (Courtois et al.
2003; Taillon et al. 2012), we cannot properly address how
environmental factors affect area use unless studying popula-
tions at the appropriate spatiotemporal scale.

A possible effect of human disturbance and infrastruc-
ture on Rangifer may be abandonment or reduced use of
large surrounding areas (avoidance or aversion), resulting
in a loss or less use of available pastures and overuse of
remaining pastures. When such effects appear in analyses of
Rangifer area use, it needs interpretation in a spatiotemporal
context. As suggested by Vistnes and Nellemann (2008a)
and Skarin and Ahman (2014), studies should incorporate
regional scales, or possibly the home range level in order to
capture large-scale effects of human disturbance. However,
if changes are apparent at a regional scale (e.g.> 10 km), it
becomes increasingly difficult to separate cause and effect,
since spatiotemporal fluctuations in area use caused by other
factors, like snow cover and grazing pressure (Gunn et al.
2009; Post et al. 2009), may occur at the same scale. Animal
movement can be characterized as a combination of random
walk and active selection (Fauchald and Tveraa 2003), but
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it is not clear how the random component relates to varia-
tion or fluctuations in area use (Bartumeus et al. 2005; Pape
and Loffler 2015a). Moreover, stochastic events like extreme
weather (Loe et al. 2016) or predators (e.g. Reimers et al.
2012) could make a flock move away from preferred pas-
tures at short time perspectives, while grazing pressure and
resource availability may change area use over long time
perspectives (Vowles et al. 2017). Thus, mechanisms driv-
ing avoidance responses towards human activity and infra-
structure are difficult to measure and interpret (Theobald
etal. 1997). Hence, dynamic area use at large spatiotemporal
scales requires long-term studies and study designs control-
ling for natural fluctuations and confounding factors, like
multiple years” worth of data before and after development
(e.g. Colman et al. 2017; Smokorowski and Randall 2017).
In this way, correct and robust interpretations can be made
about results pertaining to effects of infrastructure and/or
human activities (Bergerud et al. 1984; Reimers and Col-
man 2006).

We see large heterogeneity in findings from studies on
large-scale responses of reindeer and caribou towards com-
parable anthropogenic factors like power lines, despite using
fairly similar approaches and studying the same popula-
tions, e.g. the GPS study by Colman et al. (2015) showing
no effects except during construction vs. the observation
study by Nellemann et al. (2003) showing strong negative
effects, both for the same wild reindeer population. Also
opposite findings were the case in Reimers et al. (2007)
showing no effect vs. Vistnes et al. (2004) showing strong
negative effects on area use for wild reindeer, based on aerial
photography and lichen grazing pressure. Possibly, reported
responses can be largely different depending on landscape
context and interacting ecological and disturbance factors
(Panzacchi et al. 2013). It might also be a matter of the same
population showing different responses at different times.
Clearly, large-scaled negative effects of human disturbance
necessitate studies including large areas, but when increas-
ing the study area more interacting factors are included (e.g.
predators, other human disturbances, different habitats, etc.).
This increases the complexity of cause and effect relation-
ships and the risk of making incorrect conclusions about
large-scale effects unless being critical about limitations of
the study design. While the importance of spatiotemporal
scale has received attention in the literature (e.g. Vistnes
and Nellemann 2008a; van Moorter et al. 2013; Skarin and
Ahman 2014; Jgrgensen et al. 2018), a main view for Rangi-
fer seems to be that small spatial scale, behavioural or physi-
ological studies fail to show disturbance effects suggesting
the importance of large-scaled studies (Vistnes and Nelle-
mann 2008a; Skarin and Ahman 2014). On the other hand,
it is rarely emphasized how large spatial variation along the
temporal scale may appear independent of impacts from
human activity and infrastructure, and may affect results.
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This signals a need for an in-depth review of the methodo-
logical approach in various studies related to anthropogenic
effects on Rangifer.

In this paper, we review anthropogenic effect studies on
area use of Rangifer from the last four decades. We evalu-
ate study design and sampling techniques, focusing on how
habitat and environmental variation along the spatiotem-
poral scale has been included and how such variation has
been interpreted in relation to effects of infrastructure and
human activity. In addition, we present a case study on area
use from GPS-collared semi-domesticated reindeer in the
Fosen peninsula in Norway in relation to fictive infrastruc-
ture within their habitat. Our aims were to evaluate (1) how
different study designs limit analysis of effects from infra-
structure, exemplified by the case study; (2) the importance
and difficulty of including confounding variables in studies
at large spatial scales; (3) how the temporal scale is included
and discuss its importance in relation to dynamic area use
of Rangifer, again exemplified by our case study; (4) how
sampling techniques constrain our understanding of spati-
otemporal area use; and (5) if the results and conclusions
from published studies may be biased as a consequence of
insufficient data or study designs and the selection of scien-
tific publication processes. Our review is relevant for wildlife
in general and especially transferable to other gregarious
herbivores with large population ranges and in areas with
increasing human use.

Reviewed literature

We examined scientific papers within the field of ecology
and biological conservation quantifying effects of human
development in relation to area use of Rangifer spp. (i.e.
reindeer and caribou). During September 2017 and August
2018, we searched for papers in Web of Science and

Google Scholar, and also cited references within papers.
We used diverse search terms to maximize the number of
papers considered for review: avoidance, aversion, barrier,
displacement, area use, space use and home range with
the words anthropogenic, infrastructure, roads, power line,
wind farm, resorts, trails, cabins, settlements and dams in
combination with Rangifer, reindeer, and caribou.

We included all peer-reviewed papers that addressed
avoidance effects from human development on Rangifer
since 1983. We evaluated 79 papers, resulting in 52 papers
for this review (Table 1). We excluded 27 papers that
focused on direct disturbances, i.e. fright and flight stud-
ies, barrier studies and experiments, and also commentary
papers. These excluded papers provide important insight
and baseline information about mechanisms driving Rang-
ifer behaviour and responses towards human activities and
infrastructure, but did not directly investigate large-scale
area use. We organized papers that met our criteria into
one main table (Online Resource: Tables S1-S4), separat-
ing four sampling methods, i.e. GPS/VHF (Table S1), aer-
ial survey (Table S2), visual animal observation (Table S3)
and faeces counts and/or lichen measurements (Table S4),
hereafter referred to as “type of studies”. We summarized
the design of the study, type of human development, spa-
tial scale (e.g. landscape, population home range, indi-
vidual home range, and local disturbance area), temporal
spatial variation in available area (e.g. annual home range,
available area within 95% movement distance between
locations), dynamic habitat variables [e.g. normalized
vegetation index (NDVI), snow condition], static habitat
variables (e.g. vegetation type, elevation), main results/
conclusions, and specific outcomes (negative, no effects
and positive effects in relation to disturbance factor per
study period). Temporal spatial variation in the available
area refers how the available area may change with time,
independent of other factors included in the analyses. We

Table 1 Summary of number of

N X Sub-species
studies and analyses reviewed

Number of analysis by methods

by sub-species All  GPS/VHF  Aerial survey  Visual animal Field sign
observation surveys (pellet/
lichen)
Arctic/Alpine caribou (AC) 15 5 8 2 0
Woodland caribou (WC) 19 13 1 1 1
Semi-domesticated reindeer (SR) 11 6 0 5 5
Wild reindeer (WR) 11 2 3 4 2
Both wild and semi-domesticated 0 0 0 0 0
reindeer (SWR)
Total 58* 26 12 12 8

A total of 79 studies were considered for the review, but 27 studies based on experimental/barrier, com-
mentary/synthesis, methodological not related to avoidance effects, and flight/freight studies were excluded

from the analysis

A total of 58 analyses from 52 studies because 6 of these studies included two of the four types of methods
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also evaluated how the papers interpreted the effects in
relation to spatiotemporal scale.

From the 52 papers reviewed, six (Boulanger et al. 2012;
Helle et al. 2012; Colman et al. 2013, 2015; Serrouya et al.
2017; Tsegaye et al. 2017) included two of the four sampling
methods, giving us a total of 58 sets of analyses (and results)
in Online Resource 1. Twelve of the analyses were based on
aerial counts, 12 were based on visual observation of ani-
mals from ground surveys, 26 were GPS/VHF studies, and 8
were based on field sign surveys (i.e. faeces counts or lichen
measurements) as indirect indices of area use by Rangifer.

We also specified the temporal scale for each analysis; i.e.
over how long time period the data spanned in the 58 analy-
ses, and whether long-term change was tested, for instance
by comparing the variation in area use before and after the
construction of infrastructure. We divided the 58 analyses
into separate human activities and infrastructure, seasonal,
and scale-related “effect outcomes” (Table 2), and presented
specific outcomes. For each outcome, we evaluated the type

of effect from human activities or infrastructure actually
shown in the analyses (i.e. negative, none or positive), and
whether static and dynamic habitat variables were accounted
for (see also Online Resource 1). In order to set the scene for
later presentation and discussion of our selection of Rangi-
fer/infrastructure papers, we introduce the next part with
analyses of our case study.

Case study: reindeer area use in relation
to wind farms

The study area of 2320 km? (Fig. 1) is located in coastal
climate at 64°10N, 10°50E, constituting low-alpine moun-
tain ranges and birch-spruce dominated boreal forests at
altitudes of 0—1000 m.a.s.l. in the Fosen North reindeer
herding district in Nord-Trgndelag county, Norway. We
studied spatial use of GPS-collared semi-domesticated
reindeer, ranging from 10 to 32 individuals per year from

Table 2 Summary of reported effect outcomes within 52 reviewed studies (58 analyses)

Study Factors Negative effect No effect Positive effect Total

GPS/VHF Both static and dynamic 26 17 1 44
Static 108 70 36 214
Dynamic 0 0 0 0
None 6 7 0 13
Subtotal 140 94 37 271
% 52 35 14

Aerial survey Both static and dynamic 3 1 0 4
Static 16 8 6 30
Dynamic 0 0 0
None 25 7 4 36
Subtotal 44 16 10 70
% 63 23 14

Visual animal observation Both static and dynamic 0 0 0 0
Static 13 10 2 25
Dynamic 1 0 2
None 4 2 0 6
Subtotal 18 13 2 33
% 55 39 6

Field sign surveys (pellet-lichens) Both static and dynamic 0 0 0 0
Static 11 13 6 30
Dynamic 0 0 0 0
None 0 0 0 0
Subtotal 11 13 6 30
% 37 43 20

All studies Grand total 213 136 55 404
% 53 34 13

Each analysis is grouped into categories based on sampling technique for Rangifer area use, and based on types of habitat factors included in the
analyses. Dynamic variables refer to spatial variables that vary during the study period (e.g. snow cover, NDVI); static variables refer to spatial
habitat variables that are constant throughout the study period (e.g. vegetation type)
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Fig. 1 Map of the Fosen domestic reindeer study area in Nord-Trgndelag County, Norway, depicting seasonal annual MCPs (minimum convex

polygon) and planned and fictive wind farms (WFs)

a total herd averaging 900 reindeer for a period of 8 years.
Animal location data were collected every 3-h throughout
the study period.

As a case study, we defined three areas with wind farm
(WF) development, i.e. WF1, WF2 and WF3 (Fig. 1). WF1
represents the location of a real wind farm where con-
struction started in 2017/2018, after our GPS recordings
(https://www.statkraft.com/about-statkraft/Projects/norwa
y/fosen). The two other areas, representing fictive WFs
or control areas (WF2 and WF3), were placed in land-
scapes with similar elevation and subalpine vegetation (i.e.
similar habitats). None of the three areas were intersected
by other major infrastructures like settlements or roads.
We defined three study periods spanning 8 years: before
(2009-2011), during (2012-2013) and after construction
(2014-2016), imitating before—after (BA) designs. In rela-
tion to a before—after control-impact (BACI) design of
anthropogenic effect studies, as defined in Kuvlesky et al.
(2007) and Bartzke et al. (2014), WF3 and WF1, being

located in the outskirts of spring habitats, are more similar
than WF2, which is located in more central spring habitats.
By including multiple years for each period, we could also
test variability in area use across years within and amongst
the periods. Since the reindeer herdsmen sometimes gather
the animals as early as 24 June for calf marking and as
late as February/March for slaughter, we only used data
for the spring season for our analyses (1 April-20 June).
This was done to minimize the effect of reindeer herding.
The response variable was binomial (used/available) and
consisted of reindeer GPS locations and an equal amount
of randomly sampled positions within 100% seasonal MCP
for all animals each year, representing available area for
their seasonal annual population home range. To avoid
overlap between the three study areas, we only included
data within a 10 km zone from the WFs in the final analy-
ses. As a result of this, we used 17,379 observations and
23,065 random points (WF1), 78,644 observations and
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50,573 random points (WF2), and 34,540 observations and
51,798 random points (WF3) in the final analysis.

A main hypothesis of avoidance towards WFs was tested
in three ways; (1) separately for each WF area in relation
to distance and period, imitating three BA designs, (2) for
each WF area in relation to distance and year to illustrate the
effects across years, and (3) the three WFs interacted with
distance and period to illustrate relative differences in effects
among the WFs, imitating a BACI design. These three ways
were chosen to clarify how different approaches can be use-
ful depending on the choice of study design. Fixed effects
included distance (m) to the nearest WF, period categori-
cal at three levels: before, during and after development,
the landscape variables aspect (in degrees), and elevation
(m.a.s.l.). Prior to analysis, we checked for correlation
between covariates (i.e. vegetation, elevation and aspect)
using Spearman’s rank correlation, excluding the assumed
least relevant from the models when r>10.5]. Thus, we did
not include vegetation from the analysis since it correlated
with elevation (r=0.56). We included animal ids and year
as random effects to account for individual and yearly vari-
ations (Zuur et al. 2009; Bates et al. 2014). All statistical
analyses were conducted in R version 3.3.3 (R Core Team
2015).

Results of our case study from the separate analysis of
each WF area in relation to distance and period showed
more use before compared to after for WF1 (within
10 km), but no differences between before and during

Table 3 Parameter estimates of a mixed logistic regression model
predicting reindeer resource selection during spring (April-June) as
a function of aspect (°), elevation (m), distance (m) from three fictive

(Table 3). Furthermore, we found a negative effect from
WF1 in the before period, i.e. there was more use fur-
ther away. More importantly, the results showed that the
reindeer was closer to WF1 during compared to before,
but further away after (Table 3). For WF2, we found no
differences in the overall use between the three periods.
We found a positive effect of WF2 in the before period,
i.e. more use closer. Compared to before, the animals
were further away during, but were closer after (Table 3).
For WF3, in general, we found more use after compared
to before, but no differences between before and during.
Furthermore, we found a positive effect of WF3 in the
before period, i.e. more use closer. Compared to before,
both during and after had more use further away from WF3
(Table 3).

The model with yearly periods (Fig. 2) showed differ-
ences in use within 10 km from the WFs amongst years.
Generally, we found more use with increasing distance
from WF1 in the years 2009, 2011, 2013, 2014 and 2015,
but no such effect in 2010, 2012 and 2016. For WF2, there
was less use with increasing distance every year, except for
2013, which showed a weak increase for the first 3—4 km.
For WF3, we found a decrease in use with distance in the
years 2009 and 2011, more use at closer distances within
2—4 km from the WF in 2010 and 2013 (a general increase
after 2—4 km), more use at increasing distance in 2012, and
no clear effects in 2014, 2015 and 2016 (no effects within
3-5 km). We found that non-existent (fictive and planned

wind farms (WFs), and before (2009-2011), during (2012-2013) and
after (2014-2016) construction in Fosen, Norway (Fig. 1)

Effect WF1 WF2 WE3

Estimate SE Zvalue  Pvalue Estimate SE Zvalue  Pvalue Estimate SE Zvalue P value
Intercept —-0.387 0.287 —1.346 0.178 0596 0.179 3.330 0.001 -1.133 0.191 -5.930 <0.001
Aspect 0.027 0.012 2.297 0.022  0.044 0.006 7.150 <0.001  0.152 0.008 19.630 <0.001
I(Aspect™2) 0.015 0.012 1.175 0.240  0.019 0.007 2.710 0.007  0.032 0.009 3.580 <0.001
Elevation 0.174 0.014 12.147 <0.001  0.002 0.006 0.290 0.771  0.423 0.008 51.160 <0.001
I(Elevation”2) -0.302 0.012 -26.102 <0.001 -0.148 0.005 -31.090 <0.001 —-0.160 0.007 -22.260 <0.001
Distance 0.574 0.029  20.592 <0.001 -0.551 0.011 -49.170 <0.001 -0.172 0.016 -10.590 <0.001
I(Distance”2) —-0.091 0.027 -3.375 0.001 -0.168 0.011 -15.360 <0.001 0.081 0.016 5.060 <0.001
During -0.525 0352 —1.492 0.136 —-0.033 0.170 —0.200 0.844 0.089 0.223 0.400 0.689
After —1.144 0318 -3.599 <0.001 -0.282 0.154 —1.840 0.066 0.816 0.202 4.040 <0.001
Distance X during —-0.147 0.037 -3932 <0.001 0201 0.015 12980 <0.001 0.613 0.021 28.710 <0.001
I(Distance”2) xduring ~ 0.547  0.034 15999 <0.001 —-0.065 0.015 -4.350 <0.001 0.053 0.022 2.460 0.014
Distance X after 0.222  0.038 5861 <0.001 -0.071 0.016 —-4.400 <0.001 0259 0.021 12.650 <0.001
I(Distance”2) x after 0.171  0.037 4.687 <0.001 —0.013 0.016 —0.800 0423 -0.057 0.020 -2.790 0.005

Year and animal id were used as random factors to account for individual and yearly variations. We used annual population home range to deter-
mine availability using seasonal annual 100% MCP in a landscape (i.e. second-order home range)

Random-effects standard deviations: WF1 (animal id=1.53 and year=0.38), WF2 (animal id=1.22 and year=0.18), and WF3 (animal id=1.09

and year=0.24)
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Fig.2 Predicted probability of use (+95% CI) by reindeer during
spring (April-June) showing yearly variability in relation to distance
from the planned and fictive wind farms (WFs), before (2009-2011),
during (2012-2013) and after (2014-2016) construction in Fosen,
Norway. Estimates overlapping 0.5 (horizontal dotted line) represent
use proportional to availability, estimates larger than 0.5 represent

but not yet built) WFs show both yearly and periodic nega-
tive effects on area use of reindeer.

From the interaction model (Fig. 3; Online resource 2),
predicted use showed that the difference between before
and during indicated totally opposite effects from WF1 for
these two periods, at least in the distance interval 0-5 km.
WEF?2 had a positive effect in all periods, even if there were
differences between the three periods. For WF3, we found
some differences between before and during/after, but a
clear trend was more use further away from WF3 during,
and no such trend after.

The yearly variation in spatial area use at the three
WEF sites leads to differences in area use between defined
periods before, during and after development, and even
a significant three-way interaction effect for the BACI
design analysis. This illustrates a possible pit-fall in simi-
larly designed studies and serves as a background scenario

selection, and estimates smaller than 0.5 represent less use. Predic-
tion was based on a model for each WF that included distance and
year interaction, aspect and elevation kept at their mean. Animal ids
were used as random factors to account for individual variation. We
used seasonal annual population home range to determine availability
using 100% MCP in a landscape (i.e. second-order home range)

for an evaluation of the papers that met our selected
parameters.

Limitation of study design

When studying anthropogenic effects on area use, the
factors themselves are not randomly distributed and may
cover landscape scales at home range level, potentially
affecting both second- and third-order habitat selection
(for details see Johnson 1980; Johnson et al. 2006). Dif-
ferences in area use among years for WF1 and WF3 in our
case study clearly illustrate how the area of home range
changes over time, as it is defined by the habitat selection
of a population, complicating evaluations of infrastruc-
ture effects. In contrast, third-order selection functions
for fine-grained habitat components distributed within
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Fig.3 Predicted probability of use (+95% CI) by reindeer during
spring (April-June) showing interaction effects of WFs sites, dis-
tance from WFs and period (before, during and after development)
imitating a BACI design in Fosen, Norway. Estimates overlapping
0.5 (horizontal dotted line) represent use proportional to availability,
estimates larger than 0.5 represent selection, and estimates smaller

the home range (e.g. vegetation types) can be more pre-
cisely modelled based on the data for Rangifer space use
and geographical data for habitat components within the
entire home range (e.g. Polfus et al. 2011; Leblond et al.
2013; Panzacchi et al. 2013; Lesmerises et al. 2018). Since
anthropogenic effect studies at landscape level may con-
clude wrongly about the possible effects if not also inter-
preting how fluctuations in area use around infrastructure
may occur independent of the disturbance itself, the choice
of appropriate study design seems crucial (Bartzke et al.
2014). Ideally, we should compare habitat selection in
the affected areas and control areas, both before and after
infrastructure development (BACI designs), and for long
enough time periods to include spatial fluctuations in home
range (Smokorowski and Randall 2017). However, similar-
ity in habitat characteristics between control and treatment
sites is hard to find when studying large-scaled effects on
area use in heterogeneous landscapes, and planning and
budget limitations may impede long-term data gathering in
test and control areas over multiple years before and after
the onset of new infrastructure. Thus, true BACI designs
may seldom have been implemented in studies on Rangifer
large-scale spatial use and are probably more realistic for
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than 0.5 represent less use. Aspect and elevation kept at their mean.
Animal ids and year were included as random factors to account for
individual and yearly variation. We used seasonal annual population
home range to determine availability using 100% MCP in a landscape
(i.e. second-order home range)

experimental, local, and direct disturbance effect studies
(e.g. Conner et al. 2016).

From our reviewed papers, the majority of analyses
spanned 6 years or less (i.e. 34 out of 58), and only 8 out
of 58 covered a study period of > 10 years (for details see
Online Resource 1). Furthermore, 40 of the analyses were
based solely on data from the period after construction of
new infrastructure. Interestingly, three of these after analy-
ses considered habituation by dividing and testing the “after
period” in two periods (Haskell and Ballard 2008; Helle
et al. 2012; Johnson and Russell 2014). Three analyses from
two studies were based on data during and after construc-
tion of new infrastructure (Boulanger et al. 2012; Colman
et al. 2013), and one out of two analyses in Tsegaye et al.
(2017) had only before and during data. The remaining 14
analyses from 13 studies had a before—after design (Dau and
Cameron 1986; Cameron et al. 1992; Mahoney and Schaefer
2002; Nellemann et al. 2003, 2010; Noel et al. 2004; Weir
et al. 2007; Colman et al. 2013, 2015; Leblond et al. 2013;
Eftestgl et al. 2016; Skarin and Alam 2017; Tsegaye et al.
2017). Out of these 14 analyses, three (Colman et al. 2013,
2015; Eftestgl et al. 2016) reported negative effect only dur-
ing the construction period when human activity is high,
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with no effects in the operation period of the new infra-
structure. Two of the 14 before—after analyses (Noel et al.
2004; Tsegaye et al. 2017) reported no consistent influence
of infrastructure, both in construction and operation periods.
The remaining nine before—after analyses reported negative
effects both during construction and operation periods. How-
ever, from the 14 before—after analyses, we found only one
(Colman et al. 2013) with a control area and, thus, a true
BACI design (Kuvlesky et al. 2007; Bartzke et al. 2014).

Our present knowledge about anthropogenic effects on
Rangifer spatial use is based on a large number of studies
(71% of studies reviewed here), with no before data on area
use of the animals in focus, and 13 out of 14 before—after
studies reviewed here did not include a control area for the
analysis. A majority of the reviewed studies have sampled
Rangifer area use for a substantially shorter time period than
our case study of 8 years (<7 years in 34 out of 58 studies,
see Online Resource 1) and some investigate infrastructure
in the outskirts of the range, where higher yearly fluctuation
in area use is expected (Vistnes et al. 2004; Johnson and
Russell 2014). Thus, we are concerned that some studies
may have concluded wrongly about the effects of human
activities and infrastructure. For reliable data to test the
effects of human activity and infrastructure on Rangifer
area use, mainly two study design approaches are available:
(1) if direct behavioural effects are expected on local scale,
a BACI design possibly replicating several independent
treatment and control areas could be useful, (2) if indirect
avoidance effects are expected at larger landscape scales, a
BA design with multiple years before, during and after infra-
structure development, and including multiple spatial scales
(preferably both population and individual home range lev-
els) is probably the best option. However, since BA-designed
studies on large-scaled spatial effects are not robust when it
comes to bias from spatiotemporal fluctuations in Rangifer
area use if temporal data-series are short, we recommend
comparing area use in control areas (if available) in such
cases (e.g. Colman et al. 2013).

Confounding habitat factors

In heterogeneous landscapes, spatial use analyses of infra-
structure effects require an inclusion of potentially confound-
ing habitat factors, even more so if data sets do not allow
BACI designs or long-term BA designs, but exclusively
test data from after infrastructure are already constructed.
Depending on the characteristics of the study area, factors
known to affect spatial use may be elevation, vegetation
type and quality, landscape ruggedness, natural barriers and
edges in the landscape (Nellemann and Fry 1995; Iversen
et al. 2014; Colman et al. 2015; Panzacchi et al. 2015).
In addition, temporal variables affecting spatial use, like

population size/density (Bergerud et al. 1984; Reimers and
Colman 2006), presence of predators (Nybakk et al. 1999,
2002; Rivrud et al. 2018), other sympatric species (Colman
et al. 2012), and snow cover and onset of spring green up
(Bischof et al. 2012; Rivrud et al. 2016, 2018) should be
investigated if possible. A frequently overlooked fact among
wild and domestic reindeer is that previous domestication
has preserved a hard wired behavioural trait in some reindeer
herds exhibiting less fright responses towards humans that
extensive hunting has only altered slightly (Reimers et al.
2012). Hence, when recording reindeer area use in relation
to human infrastructure, past genetic history should also be
addressed. Moreover, recent improvements in GIS- and RSF
analyses have facilitated an understanding of spatial habitat
use of animals in detail (Johnson et al. 2006, 2015; John-
son and Russell 2014; Pape and Loffler 2015a, b, 2016),
although issues like sampling techniques and available data
for analyses that relate to appropriate sampling scale resolu-
tion (Bissonette 2017) are still challenging.

A majority of our reviewed studies (40 out of 58 analy-
ses) included static habitat variables, where vegetation type
and elevation were most often controlled for in the analy-
ses (Table 4). The improved availability since the 1990s
of GIS data for habitat factors makes such analyses pos-
sible, increasing our understanding of habitat selection in
Rangifer (Panzacchi et al. 2015), separating avoidance of
environments from avoidance towards infrastructure (e.g.
Lesmerises et al. 2018; Plante et al. 2018). Actually, 23 out
of 26 studies based on GPS-data have included either static
habitat variables (18) or both static and dynamic variables
(5) in the analyses of Rangifer spp. area use (Table 4). How-
ever, as shown for our case study, incorrect interpretations
about infrastructure effects may still appear, either if some
relevant factors or variables are missing in the analysis (e.g.
Noel et al. 2004; Joly et al. 2006), or if area use is affected
by random animal movement patterns (e.g. Fauchald and
Tveraa 2003). Clearly, data for certain dynamic habitat vari-
ables like predation risk or snow cover (thickness and hard-
ness) may be unavailable, but of crucial importance when
explaining fluctuations in Rangifer area use (Rivrud et al.
2018). Also, some factors may be difficult to categorize and
incorporate for analyses, e.g. topographic barriers or edge
effects (With et al. 1997), but should affect how we inter-
pret results on Rangifer area use when not having data from
before infrastructure development. Moreover, since infra-
structure is not randomly distributed (e.g. often is located at
the outskirts and/or at lower altitude than natural Rangifer
habitats, for example in valleys), low spatial use may be
misinterpreted as avoidance (Reimers and Colman 2006). As
technology advances, multiple variables need to be included
in the future analyses to produce unbiased effect estimates.
Although some authors likely ran various models with
factors not included in their final models, only 10% of the
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Table 4 Summary of analyses by confounding factors and spatiotem-
poral variation (total=58, since 6 studies used two of the four cat-
egory of data types, i.e. GPS, aerial, visual animal observation, and
field sign surveys)

Confounding factors Spatiotemporal variation included

included
Year Random Year+random None
GPS/VHF
Dynamic variables
Static variables 1 6 1 10
Dynamic + static variables
None 3

Aerial survey

Dynamic variables

Static variables 6

Dynamic + static variables

None 5
Visual animal observation

Dynamic variables 1

Static variables 1 6

Dynamic + static variables

None 1 3
Field sign surveys (pellets/lichens measurements)

Dynamic variables

Static variables 1 4 1 2

Dynamic + static variables

None

Total 3 15 3 37

Dynamic variables refer to spatial variables that vary during the
study period (e.g. snow cover, NDVI); static variables refer to spatial
habitat variables that are constant throughout the study period (e.g.
vegetation type). Some studies include year as a fixed effect term in
their analysis to account for time series effects. Many recent studies
include random factors in the analysis to account for pseudo-replica-
tion or to estimate variability attributable to the factor

analyses reviewed here presented both static and dynamic
variables when testing the effects of human activity or infra-
structure on Rangifer area use.

Accounting for spatiotemporal fluctuation

When studying avoidance responses in Rangifer, we try
to understand what affects area use of individuals that are
mainly gathered in flocks drifting over large grazing areas
and between seasonal pastures through time. For instance,
the 23 wild reindeer areas in southern Norway are deline-
ated as discrete management units that generally meet the
biological requirement for the herds (e.g. Panzacchi et al.
2015). An individual, or even the entire herd, cannot use its
entire available area over a shorter time-span (a few years);
some parts will always be used less and other parts more.
Reasons why parts of the available range of a population
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have no or little use for a given period may be; (1) pastures
are seasonally distributed and vary in accessibility depend-
ing on weather (e.g. insect harassment during summer,
snow cover and icing during winter), and quality (e.g. green
sprouting following snow melt) (Skogland 1989; Vistnes and
Nellemann 2008b), (2) seasonal area use varies with previ-
ous temporal variation in degree of overgrazing or recovery
from previous overgrazing (i.e. especially winter pastures of
lichen) (Skogland 1986), (3) predator territory boundaries
and general predator densities vary throughout time (Nybakk
et al. 2002; Tveraa et al. 2007), (4) social group behaviour
with elements of learning is associated with gradual fluc-
tuations in area use, predator avoidance and harvest policy
(Mooring and Hart 1992; Lingle 2001), and (5) intra- and
interspecific interactions and competition (Moe et al. 1999)
that may also vary through changes in population size (Bed-
nekoff and Lima 2004). For semi-domestic reindeer, the
human aspect of herders controlling movements and migra-
tion patterns and choosing their herds’ grazing areas is also
important. Moreover, it is not clear to what extent random
movement patterns affect space use at different spatial scales
within a population, suggesting that the use of areas may
change without a particular reason.

Spatiotemporal analyses should provide improved under-
standing of how Rangifer make small- and large-scaled
habitat selections while moving within vast ranges and in
landscapes affected by infrastructure and human disturbance.
Apart from including static and dynamic habitat variables,
we found that some studies also included yearly and/or ran-
dom spatiotemporal variation in analyses on Rangifer area
use (Table 4). However, none of the 58 analyses included
a combination of dynamic and static habitat variables and
yearly and random spatiotemporal variation together in the
same model. Obviously, data sets may be too limited to ena-
ble such complex analyses, but we see improvement of meth-
ods in the more recent studies (Table 4; Online Resource
1), e.g. 12 out of 26 GPS-studies and 6 out of 8 field sign
surveys (pellet/lichens measurement) have included both
confounding variables (static and/or dynamic) and spati-
otemporal variation (i.e. yearly and/or random), while only
three out of 12 visual animal observation studies and no
aerial studies have included any of the spatiotemporal vari-
ation. Probably, most studies prior to the introduction of
GPS technology and GIS analyses have too limited data for
making complicated analyses on area use, both estimating
effects of infrastructure, habitat factors, and spatiotemporal
fluctuations (Table 4). Thus, we base much of our scientific
knowledge about infrastructure effects on Rangifer spp. on
estimates that are likely inadequate and even biased.

Research projects sampling data for large-scale area
use in relation to anthropogenic disturbance over a period
of just a few years may misinterpret natural variation as
avoidance effects (Hinkes et al. 2005). For caribou and
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semi-domesticated reindeer, it has been shown how prefer-
ences for habitat types (Leblond et al. 2011; Pape and Lof-
fler 2015a, b), predator avoidance (Sivertsen et al. 2016)
and plant phenology selection (Iversen et al. 2014) result in
temporal changes in spatial use. Some anthropogenic effect
studies (Mahoney and Schaefer 2002; Polfus et al. 2011;
Boulanger et al. 2012; Johnson and Russell 2014; Colman
et al. 2015) have incorporated spatiotemporal covariates like
changes in snow cover and/or plant phenology (e.g. NDVI
data) in the analyses, thus being able to explain more of the
spatiotemporal changes in Rangifer area use.

Interestingly, 13 out of 18 GPS analyses in Canada con-
sidered different spatial availability varying with time in
their testing/models (i.e. temporal variation considered in
defining the available area), while only one out of eight GPS
analyses from Scandinavia considered this. Six long time
GPS studies (>3 years) from Quebec (Leblond et al. 2011,
2013; Dussault et al. 2012; Leclerc et al. 2012; Pinard et al.
2012) and one study from Norway (Panzacchi et al. 2013) on
anthropogenic effects on spatial use of Rangifer have based
analyses on yearly/seasonal home ranges, thus being more
able to separate natural/uncontrolled spatial fluctuations
among years from the effects of infrastructure. However,
spatial fluctuations also appear in shorter time intervals, and
in order to make anthropogenic effect estimates more pre-
cise, methodological improvements have appeared. These
are based on the resource selection functions where the
available area for individuals is narrowed down to a circu-
lar area defined by current position and movement distance
estimates (Johnson et al. 2005), and avoiding effect estimates
for infrastructure outside this area. As such, the studies by
Johnson et al. (2005, 2015) and Boulanger et al. (2012) may
avoid distorted effect estimates due to spatiotemporal fluc-
tuation. However, the circular areas for estimating infrastruc-
ture effects increase with increasing time intervals for con-
secutive GPS positions and seem related to some unrealistic
avoidance distances (e.g. up to 140 km distance in Johnson
et al. (2005). Also, since the method is based on circular
areas, it may include areas being isolated by barriers (e.g.
mountains or rivers) or without Rangifer habitat.

The approach used in Dussault et al. (2012), Pinard et al.
(2012), Leclerc et al. (2012), and Leclerc et al. (2014) is
another way to reduce the effect of spatiotemporal fluctua-
tion. They defined available areas based on GPS positions
on different scales, both at annual population home range,
annual individual home range and/or at local scales (e.g.
forest stand scale). Furthermore, the effects were tested
from calculated densities of both infrastructure and habitats
within buffer zones around animal locations and random
points (e.g. 1 km). These studies mainly relate calf survival
with female habitat selection and infrastructure, showing a
clearer connection between cause and effect compared to just
differences in area use.

Analysing resource selection in the available area as
defined by the animals’ current position implies third-order
habitat selection (Johnson 1980), thus, from the approach in
Johnson et al. (2005), the possible infrastructure effects at
home range level (i.e. second-order selection) can hardly be
evaluated. Probably, time series of spatial use covering sev-
eral decades are necessary in order to reveal infrastructure
effects at the home range level in many cases (Hinkes et al.
2005; Plante et al. 2018); however, population management
have markedly changed the size of several Rangifer popula-
tions over recent decades (e.g. Uboni et al. 2016), thereby
influencing grazing pressure and population ranges, hamper-
ing analyses on long time effects of infrastructure. As exam-
ples, the calving ranges of the Hardangervidda wild reindeer
population in Norway have gradually changed significantly
over the last 20-30 years seemingly independent of human
disturbance (Strand et al. 2006; Falldorf 2013), and both
the Hardangervidda and Snghetta wild reindeer population
have increased their home range, crossing human infrastruc-
ture in periods of high abundance and grazing pressure (e.g.
Bergerud et al. 1984). Thus, long time studies on area use
demands careful consideration of what factors have changed
through the same time period and how that may relate to
changes in population ranges and home ranges (Bergerud
et al. 2008).

Long-term variation in area use is expected for most
Rangifer populations, and our current knowledge base on
the effects of human activity and infrastructure on Rangi-
fer is inadequate. No analyses reviewed here included both
dynamic and static habitat variables and yearly and random
spatiotemporal variation together in the same model. With
methodological and technological improvements, natural
spatiotemporal variation in Rangifer area use can be better
incorporated into future studies. However, it is crucial to also
consider the possible effects of population dynamics on area
use for long-term studies.

Constraints from sampling procedures

Earlier studies based on non-randomized visual observations
of Rangifer (e.g. aerial surveys) may have provided biased
data on area use, as compared to GPS monitoring of animals.
Data sets from aerial surveys are often part of population
management programs covering long time series, where herd
size, sex and age structure may be the main purpose of the
sampling procedure, while the data itself may be of varying
quality for spatial analyses (Reimers 2006; Bjerketvedt et al.
2014). In a Norwegian context, wild reindeer populations
have been monitored since the 1960s by population counts
based on photographs from light aircrafts, and/or snow-
mobile surveys and counts from ground made by local game
managers. In fact, a few studies on anthropogenic effects
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of infrastructure on wild reindeer in Norway are based on
the data that cover a time span of 10-30 years with yearly
sampling of the entire population (Nellemann et al. 2001;
Vistnes et al. 2001; Reimers et al. 2007), but with non-ran-
domized sampling (counts often being made once a year,
in periods of good visibility late in winter, when reindeer
are easier to find and counting is simplified due to larger
groups leaving visible tracks). On the other hand, several
recent studies based on GPS cover short time series and are
based on a small sample of collared animals (e.g. Polfus
et al. 2011). Thus, new projects based on multiple sampling
per year over many years, and along systematic transects
on ground (e.g. Nellemann et al. 2010; Colman et al. 2013;
Tsegaye et al. 2017), or from continuous long-term monitor-
ing by GPS (Johnson et al. 2015; Plante et al. 2018), provide
more representative data of Rangifer spatial use throughout
the season/year and how it differs between seasons/years. If
study periods are also long enough to uncover the dynamic
nature of Rangifer spatial use (e.g. Panzacchi et al. 2013;
Johnson et al. 2015), and combined with the inclusion of
multiple variables and preferably control areas, we will
be more certain about possible shifts in area use related to
human infrastructure.

Publication bias in anthropogenic effect
studies?

Within this field of research, we are consistently testing the
hypothesis that Rangifer avoid areas affected by infrastruc-
ture and human disturbance (Skarin and Ahman 2014). An
alternative hypothesis would be that Rangifer are attracted to
certain types of infrastructure. For instance, Serrouya et al.
(2017) indicated strong selection for forestry roads when
trailing Rangifer in snow and argued that it might be due to
movement along roads being less energy consuming. Some
recent studies have found that human activity displaces pred-
ators, inducing spatial refuge from predation along roads
and trails (Muhly et al. 2011). Only few studies take into
consideration positive or neutral results (i.e. attraction or
no effect) in cases of infrastructure and Rangifer in their
discussion before concluding the presence of avoidance or
lack thereof (e.g. Cronin et al. 1998; Noel et al. 2004). We
found that for 64% of the 58 published analyses (Online
Resource 1) authors presented a main conclusion of negative
effects from infrastructure, and for 14% mixed effects were
focused but with main emphasis on negative ones. However,
from the same number of analyses, we found that only 53%
of the 404 specific outcomes in the analyses actually show
negative effects (Table 2). Thus, even if positive effects exist
and are presented in the results, there is a bias towards focus-
ing discussions and conclusions towards negative results.
In most cases, we found that the positive effects are either
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ignored (e.g. Johnson and Russell 2014; Johnson et al. 2015)
or addressed critically to a larger extent (Boulanger et al.
2012; Skarin and Alam 2017).

When reviewing different studies on the same type of
disturbances, it is apparent how some report strong nega-
tive effects (e.g. Nellemann et al. 2001; Vistnes et al. 2001),
while others have found weak (e.g. Noel et al. 2004; Ant-
tonen et al. 2011; Eftestgl et al. 2016) or no effect (Yost
and Wright 2001; Serrouya et al. 2017). Different findings
may simply reflect the complexity of nature, where envi-
ronmental factors and interactions not being included in the
analyses affect the area use of the studied individuals and
bias the isolated effect of a disturbance (e.g. Reimers and
Colman 2006; Panzacchi et al. 2013; Skarin and Ahman
2014). As such, the approach used in Panzacchi et al. (2013)
is a way forward, using path models to identify direct and
indirect effects of infrastructure on habitat use. However, dif-
ferent findings could also be related to shortcomings in study
design and sampling procedure. Our case study illustrates
some pitfalls of reporting effects of infrastructure on Rangi-

fer area use, when obviously there must be other reasons (i.e.

correlation does not mean causation). Testing of hypoth-
eses in controlled experimental studies may provide clear
enough evidence to reject or accept a null hypothesis, while
field studies in ecology often deal with complex data sets
and many covariates (i.e. well-controlled research environ-
ments rarely exist), thus using multi-model inference. The
best-fitted model may show several trends that provide an
important new insight apart from the traditional hypothesis
testing paradigm (e.g. Johnson 2002; Saltz 2011; Aho et al.
2014). However, complex models with several effect out-
comes make interpretations challenging and it could be that
most GPS studies relating to conservation biological issues
(Online resource 1) emphasize more on trends in support of
a main hypothesis of large-scaled human disturbance effects,
while ignoring effect sizes (i.e. biological significance) or
alternative explanations. On the other hand, it remains possi-
ble that some studies showing no effects are due to low sam-
ple sizes or inappropriate study sites (e.g. Vistnes and Nel-
lemann 2008a). Another aspect of this is whether researchers
collectively are conducting a systematic sorting of existing
data sets, choosing to neglect some data, while working fur-
ther on data sets showing promising tendencies in relation
to a relevant hypothesis (Csada et al. 1996; Benitez-Lopez
et al. 2010). Such a “file-drawer problem” is also related to
the possible bias of no-effect studies being more difficult to
get published (Mgller and Jennions 2001).

Based on the available data presented in the 52 reviewed
papers, we found limited support in a majority of the cases
(53% negative outcomes) for the general hypothesis that
human infrastructure interferes negatively with Rangifer
area use and population ecology. However, in large study
areas with relatively large distances between infrastructures



Polar Biology (2019) 42:1-16

13

(e.g. Johnson et al. 2005), there is a need to control for natu-
ral variation. If this is not possible, authors need to better
consider positive results before concluding.

Previous literature reviews on anthropogenic effects on
Rangifer spatial use have lacked some of the methodologi-
cal issues discussed above, especially the interdependency
between spatial and temporal scale. Vistnes and Nellemann
(2008a) and Skarin and Ahman (2014) conclude from the
literature reviews that avoidance from human disturbance
for Rangifer more often is found in the studies performed at
large landscape/spatial scale than for intermediate or local
scale studies and emphasized the importance of large-scaled
study designs to investigate avoidance responses since they
appear at long distance from disturbances. However, they
do not consider that a higher proportion of large scale than
intermediate or local scale studies could make incorrect
interpretations simply because the complexity of analys-
ing explanatory factors increases with increasing spatial
scale. Importantly, the larger the spatial scale in a study,
the more important becomes the necessity of longer tem-
poral scale. Actually, our review has shown that a major-
ity of publications have not evaluated or analysed effects
of spatial fluctuations at longer time intervals, and that a
number of studies have not estimated the effects of con-
founding elements within the habitat, especially in terms of
temporal variables. Future studies could also include various
experimental approaches, for instance by manipulating the
presence/absence of human disturbances or infrastructure
while keeping as many remaining environmental factors as
constant as possible (e.g. Flydal et al. 2004; Nellemann et al.
2010).

Conclusions

To improve our current knowledge base and provide new
information relevant for decision making and optimal man-
agement, research needs the incorporation of long-term
studies that take into account natural temporal variation on
a large spatial scale, possibly control areas, and environ-
mental data crucial for Rangifer habitats to fully understand
spatial use of areas affected by infrastructure and human
disturbance. While we focus on Rangifer as an example, our
review and case study apply to many large, gregarious herbi-
vores with similar behaviour ecologies and inhabiting areas
with increasing amounts of anthropogenic disturbances.
Since spatiotemporal fluctuations complicate estima-
tion of effects from human activity and infrastructure on
Rangifer area use, we suggest two alternative study design
approaches for future studies: (1) a BACI design possibly
replicating several independent treatment and control areas
if direct behavioural effects are expected on local scale, and
(2) a BA design with multiple years before, during and after

infrastructure development, and including multiple spatial
scales (preferably both population and individual home
range levels), if indirect avoidance effects are expected at
larger landscape scales.

Long-term variation in area use is expected for most
Rangifer populations, and our current knowledge base on
the effects of human activity and infrastructure on Rangi-
fer is inadequate. Only 10% of the analyses reviewed here
included both static and dynamic habitat variables when
testing the effects of human activity or infrastructure on
Rangifer area use. No analyses reviewed here included both
dynamic and static habitat variables and yearly and random
spatiotemporal variation together in the same model. With
methodological and technological improvements, natural
spatiotemporal variation in Rangifer area use can be better
incorporated into future studies.

Random and preferably multiple sampling of Rangifer
positions over long time periods is necessary to gather rep-
resentative data on their area use, both spatially and tempo-
rally. It needs to be acknowledged that some studies do not
have representative data for the areas in question. While pre-
vious reviews have emphasized how long distance avoidance
from human disturbance in Rangifer require large-scaled
study designs, we also highlight the need for longer time
series to account for increased spatiotemporal variation with
increasing spatial scale.

Less or more use of an area does not automatically relate
to avoidance or attraction, as Rangifer naturally use some
areas more or less than other. Methodological shortcomings
for most studies investigating the effects of human activity
and infrastructure on Rangifer area use have led to unsub-
stantiated conclusions, but also a bias towards reporting and
highlighting negative effects. Although our review shows a
53% majority of negative effect outcomes, confirming the
vulnerability of Rangifer to human disturbance, the remain-
ing 47%, i.e. no and positive effect outcomes, may also sug-
gests that disturbance effects are context specific and some
human developments may have minor or no effect.
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