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Abstract
Anthropogenic activities affect habitat use by Rangifer tarandus, a particularly vulnerable species due to grouping behavior, 
extensive movements, and grazing ecology. We studied habitat use of GPS-collared reindeer in relation to surface mining 
activities during the snow-free season in Finnmark, Norway over a period of 7 years. Based on information about the mine’s 
level of operation (amount of people, vehicles, and equipment in operation) and rock blasting schedule, we divided data into 
high-activity periods (workdays) and low-activity periods (mine closed for ca 2.5 days on weekends and a yearly 3-week 
holiday period). We further divided workdays into periods with and without rock blasting and associated high-noise days. 
We found that reindeer significantly reduced habitat use at closer distances to the mine, indicating an influence zone up 
to 1.5 km. Reductions in use were strongest closest to the mine in high-activity periods. No avoidance effect of the mine 
was found beyond approximately 0.9 km for the 3-week holidays, 1.0 km for weekends, and 1.5 km for workdays with or 
without rock blasting. Compared to holidays and weekends, probability of use was reduced by 30–34% within 1.3 km from 
the mine for workday blasting periods, and up to 35% within 1.4 km for other workdays. Since averted areas can be partly 
utilized again within days or weeks following intensive mining activity periods, reduced mining activity in crucial periods 
for reindeer, such as during calving and migration, can be an effective mitigation measure.
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Introduction

Surface mining for aggregates and metals generates revenue, 
jobs, and necessary raw materials for society, yet it is by 
nature a disruptive industry that often affects sites in oth-
erwise pristine nature around the globe (Haley et al. 2011). 
Negative effects of surface mining have been shown for 
entire ecosystems (Palmer et al. 2010), including effects on 
behavior and habitat use for a number of wildlife species 
such as caribou Rangifer tarandus (e.g. Hebblewhite 2008; 

Polfus et al. 2011; Boulanger et al. 2012; Plante et al. 2018), 
grizzly bear Ursus arctos (Cristescu et al. 2016a, b), bighorn 
sheep Ovis canadensis (Sargeant and Oehler 2007), Ameri-
can pronghorn Antilocapra antilocapra, elk Cervus elaphus 
(Sawyer et al. 2007), and mule deer Odocoileus hemionus 
(Sawyer et al. 2006). Surface mining creates relatively high 
levels of disturbance stimuli, including vegetation strip-
ping, drilling, blasting, processing, and driving bulldozers 
and dump trucks, so wildlife in surrounding areas perceive 
these activities and indirect habitat loss is inevitable. While 
some studies discuss specific negative effects of mining on 
caribou, such as disturbance from human activity (e.g. Pol-
fus et al. 2011) and dustfall on pastures (Boulanger et al. 
2012; Chen et al. 2017), knowledge about how surface min-
ing affects reindeer in Fennoscandia is still limited.

As a keystone species of Arctic and sub-Arctic ecosys-
tems, sustainable management of Rangifer populations has 
important ecological, cultural, and societal implications 
(Sandström et al. 2003). From a management perspective, 
precise knowledge on how human activities disturb wild-
life is crucial in order to make sound decisions for new and 
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existing mining projects. Geological resources are abundant 
in Fennoscandia, and a large increase in mining is expected 
based on increasing demands for aggregates for building 
infrastructure and mineral resources for existing and emerg-
ing industries (Bjerkgård et al. 2016). Surface mines in 
Fennoscandia are often located in remote areas, and moun-
tainous areas overlapping with reindeer habitat. Reindeer 
herders in Norway, have land rights for reindeer grazing in 
a large part of the territory north of 62°N, and conflicts in 
land use have increased substantially in recent years (Pape 
and Löffler 2012; Johnsen 2016). There is a pressing need 
for improved knowledge to avoid or mitigate negative effects 
of present and future mining (Herrmann et al. 2014; Johnsen 
2016), but this requires a good understanding of what those 
negative effects consist of.

Mountain- and tundra-dwelling R. tarandus (reindeer 
and caribou) graze in large groups over extensive ranges 
in relatively open landscapes, and due to this large space 
requirement are known to be more vulnerable towards 
human disturbances than most cervids (Stankowich and 
Reimers 2015). Possible effects of disturbances require large 
scale second- and third-order home range selection stud-
ies, since reindeer has been shown to avoid relatively large 
areas surrounding infrastructure and human activity (e.g. 
Anttonen et al. 2011; Boulanger et al. 2012; Panzacchi et al. 
2013; Plante et al. 2018). However, large spatial scale effects 
reported for reindeer are often based on analyses of data 
taken over limited periods, thereby introducing the difficulty 
of accounting for confounding factors and of separating 
effects actually related to disturbances from spatiotemporal 
fluctuations in habitat use (Colman et al. 2017; Flydal et al. 
2019). For instance, Dyer et al. (2001), Vistnes and Nel-
lemann (2001), Skarin et al. (2004), Skarin (2007), Dahle 
et al. (2008), Polfus et al. (2011), and Helle et al. (2012) 
have only 1 or 2 years/seasons of data with all data merged 
for each year/season. Moreover, effect estimates are highly 
uncertain for studies on reindeer habitat use that rely solely 
on data from the period after the disturbance was introduced 
(see review by Bartzke et al. 2014).

To address these issues, we have studied area use by rein-
deer in connection with one of the world’s largest quartzite 
mines, located in Finnmark, Norway (NGU 2015). Our main 
objective was to estimate the effect of different amounts of 
human activity and noise in connection with surface mining 
on reindeer habitat use. Local herdsmen (Frode Utsi and Stig 
Rune Smuk, ‘Pers. comm.’) have informed us anecdotally 
that their reindeer’s grazing patterns changed following the 
establishment of the mine in 1973. While their reindeer had 
previously used the area intensively, the herdsmen reported 
that reindeer now avoid the mining area and show alarm 
reactions during loud human activities (e.g. bulldozing, 
drilling, rock blasting, and dumping rocks). Considering the 
operational setting of the mine, we chose to compare periods 

with high versus low levels of mine operation and with or 
without blasting and its associated activities (drilling, bull-
dozing, dumping rocks, etc.). Lacking a Before–After Con-
trol–Impact (BACI) design, with data from before estab-
lishment of the mine, this “off–on” study design allows for 
robust conclusions about how reindeer habitat use changes 
in response to different levels of mining activity. Further-
more, due to terrain barriers (steep mountains and fjord) and 
manmade barriers (fence bordering the seasonal pasture), 
the study area was limited to only include areas on the mine 
side of these barriers. Within this area, the animals could 
move freely up to approximately 10 km away from the mine. 
Since the study area is relatively small, we know for sure 
that a large proportion of it is directly affected by the human 
activity related to the mine, both through smell, sound and 
visual stimuli. Combined with the large number of temporal 
replications of high and low-activity periods (see Table 1), it 
is possible to make better conclusions about cause and effect 
compared to studies within larger areas, having fewer tem-
poral replications (e.g. Polfus et al. 2011; Boulanger et al. 
2012). We proposed the following predictions:

(1)	 Given similar habitat and range properties, reindeer 
would decrease their habitat use closer to the mine.

(2)	 The reduction in use closer to the mine would be 
stronger in periods with high mining activity (workdays 
with and without blasting) versus low-mining activity 
(holidays and weekends).

(3)	 The reduction in use closer to the mine would be 
stronger for workdays with rock blasting and associ-
ated activities than workdays without blasting.

(4)	 The reduction in use closer to the mine would be 
stronger for short periods of low-mining activity (i.e. 
weekends) than for the 3-week holidays. We assumed 
minimal differences in the mine’s activity levels dur-
ing weekends compared to holidays, thus the predicted 
difference in avoidance for those periods would relate 
to length of the low-activity period (ca 2.5 days for 
weekends and 3 weeks for holidays).

Materials and methods

Study area

The mine, opened in 1973 by the Sydvaranger mining com-
pany (Pevik 2015), is located in Finnmark county, North-
ern Norway at 70°28′10″N, 28°31′3″E (Fig. 1). It is located 
within the spring, summer, and autumn pasture lands for 
reindeer belonging to the herding district Rakkonjarga. The 
winter herd size varied between 3717 and 4168 animals 



1851Polar Biology (2019) 42:1849–1858	

1 3

during the years of our study, lasting from 2011 to 2017. 
Semi-domesticated reindeer herds in Norway typically con-
sist of almost 80% females (e.g. Holand et al. 2003), and the 
summer herd is between 50 and 75% larger than the winter 
herd, depending on calving rate and survival. Since we stud-
ied effects of the mine in summer and autumn, the herd may 
have been > 6500 reindeer, including calves. We defined our 
study area based on the surrounding landscape, including 
reindeer fences and information from herders about local 
habitat use (Fig. 1). Pastures surrounding the mine contain 
birch forest at altitudes of < 200 m.a.s.l., and low-alpine veg-
etation in altitudes of 200–350 m.a.s.l., with a few peaks 
slightly over 400 m.a.s.l. The reindeer moves into this area 
mostly from the north, and graze here predominantly during 
summer and autumn (Frode Utsi, ‘Pers. Comm.’).

The mine is situated along the coastline to the west, and 
the study area extends out to approx. 10 km east of the mine. 
Along the eastern border of the study area, the terrain rises 
steeply towards a mountain plateau of 300–600 m, with less 
preferred forage, and decreased availability of habitats due 
to natural barriers of rocky and steep terrain (Frode Utsi, 
‘Pers.comm.’). A reindeer fence approx. 4–5 km south of 
the mine and the ocean on the western side restrict move-
ment out of the area on those sides. Thus, herders are able to 
keep their animals gathered in this area both before leading 
the herd to another area for calf-marking and slaughtering 
in a pen approx. 8–9 km east of the study area in summer. 

The reindeer are here again after the rut, before migration 
to their late autumn and winter pastures in autumn begins 
(Frode Utsi, ‘Pers. Comm.’). The late autumn pastures are 
located 5–40 km south of the mine, while the winter pasture 
is located more than 40 km to the south. A few animals may 
also move through our study area from south to north during 
spring on their way to calving ranges in the north.

Methods

We studied habitat use by an average of 31 (range 23–34) 
GPS-collared adult female reindeer per year. GPS Plus col-
lars from Vectronics Aerospace GmbH were programmed 
to register animal position every three hours. We investi-
gated reindeer habitat use in the study area from between 
when they arrived in their summer range in April/May until 
they left in October/November during 2011–2017. Since 
reindeer grazing preferences and their habitat use naturally 
changes during the year (Reimers et al. 2014), we divided 
the year into three seasons: spring (May–June), summer 
(July–August), and autumn (September–October). However, 
we had too little data for the spring season (see Table 1) and 
excluded this season from further analysis. Descriptive sta-
tistics (i.e. used/available points) for each of the two seasons 
(summer and autumn) across distance zones are presented 
to show general distribution of use (see Online Resource: 

Table 1   Periods in relation to mining activity (including blasting and non-blasting periods), with number of GPS-positions and number of rein-
deer fitted with GPS-collars providing positions every 3 h in snow-free season during 2011–2017 in Finnmark, Northern Norway

Total number of GPS-collared individuals were 43. The number of GPS locations for spring was very low and insufficient across distance zones 
to perform mixed effect logistic regression and excluded in the analysis. We have also excluded weekends with blasting days due to low sample 
size compared to the other activity levels. Thus, the total GPS positions used in the analysis were 19,020 (i.e. 12,322 in summer and 6698 in 
autumn). Replications refer to the number of times activity periods occurred during the study period in each season, for example, number of 
weekends without blasting is 34 in summer during 2011–2017

Periods Spring Summer Autumn

Number of 
reindeer 
with GPS 
collar

GPS posi-
tions

Replications Number of 
reindeer 
with GPS 
collar

GPS posi-
tions

Replications Number of 
reindeer 
with GPS 
collar

GPS posi-
tions

Replications

Holidays 36 5724 6
Weekends 

without 
blasting

15 261 18 38 2093 34 41 2214 38

Weekends 
with blast-
ing

9 65 7 28 403 15 38 543 20

Workdays 
without 
blasting

15 346 14 37 3192 31 43 2869 38

Workdays 
with blast-
ing

14 207 11 32 1313 16 39 1615 24

Total 19 879 50 39 12,725 102 43 7241 120
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Fig. S1). A pre-analysis of reindeers’ habitat use in relation 
to distance to the mine and season (i.e. categorical variable 
with two levels: summer and autumn), using generalized 
linear mixed model (GLMM) with a use-availability design 
(Manley et al. 2002), showed a similar avoidance effect for 
summer and autumn (see Online Resource: Fig. S2). Thus, 
we combined summer and autumn data in the final analysis.

We defined our test periods based on information from 
the mining company about differing activity levels in the 
mine. First, we divided the dataset into two main catego-
ries, (1) high activity periods, i.e. “workdays” (0700 Mon-
day–2100 Friday = 4 days and 14 h) when human activity 
was high and activities like running heavy machinery, vehi-
cle traffic and drilling were more likely to happen, and (2) 
low-activity periods, i.e. “weekends” (2100 Friday–0600 
Monday = 2 days and 10 h) and the yearly, “3-week sum-
mer holiday”, when human activity was low and the activi-
ties mentioned above were much less likely to happen. 
Then, based on daily data on rock blasting, we divided the 
high activity period into two new categories, i.e. workdays 

with blasting and without blasting. The mining company 
informed us that rock blasting was characterized by heavy 
drilling about 1 day before and transport of aggregate about 
one day after the actual blasting day, so we included one day 
before and after blasting in the “workdays with blasting” 
category. The activity periods used in the final analysis were 
thus defined as: holidays (i.e. 3 weeks in summer), week-
ends, workdays with blasting, and workdays without blast-
ing. Occasional blasting activities occurred during week-
ends, but so infrequently (see Table 1) that these “weekends 
with blasting” were excluded from the analyses. This also 
allowed for better isolation of low-activity mining periods 
from high-activity mining periods. We used the low-activity 
periods as reference levels in our models. We assumed that 
even in the low-activity periods there are some human activ-
ity in the mine potentially affecting reindeer, and thus, there 
were never levels of “no” activity.

In addition to the main variable of interest in this study 
(i.e. distance to the mine), we derived elevation, slope, and 
aspect variables that are suspected to influence reindeer 

Fig. 1   Location map of the study area showing the mine (marked in dark brown color) and road network. The boundaries of the study area were 
defined by landscape barriers, such as steep slopes, ocean, and main road. (Color figure online)
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habitat selection in this area (Iversen et al. 2014). All 
variables were screened for collinearity using variance 
inflation factors (VIF; Zuur et al. 2009), with VIF ≥ 3.0 
as a threshold for removing a variable. Because of high 
collinearity for vegetation (VIF = 6.39), and its correla-
tion with elevation in high Arctic areas such as this study 
area, we did not include vegetation in the analysis (Mårell 
et al. 2006; Colman et al. 2013). We used a decay func-
tion to account for a probable decrease in the impact of 
infrastructure with increasing distance (Aue et al. 2012). 
We then followed (Buchanan et al. 2014) to develop the 
decay distance variable as a function of Euclidean distance 
to the mine with the use of the form e(−d/a), where “d” was 
the distance from each pixel to the mine in meters and 
“a” represents constant values of 100, 500, 1000, 1500, 
2000, 3000, 4000, and 5000. The constant values shape the 
function (Carpenter et al. 2010), each value corresponds 
to approximate influence zones (i.e. < 0.5 up to < 10 km; 
see Online Resource: Fig. S3), as animals’ responses to 
landscape features probably decrease at greater distances 
(Nielsen et al. 2009; Skarin et al. 2018). The decay func-
tion scaled the distance variables between 1 and 0, with 
values increasing in proximity to the mine (Nielsen et al. 
2009; Buchanan et al. 2014).

Data analysis

We predicted reindeer’s habitat use using RSF (resource 
selection function) models with a use-availability design 
(Manley et al. 2002) by fitting binomial family generalized 
linear mixed models (GLMM) in R with the lme4 package 
(Bates et al. 2014) and glmmsr package (Ogden 2015). The 
response variable was binomial (used/available), consist-
ing of used reindeer GPS positions and an equal amount 
of randomly sampled available points within the defined 
study area, i.e. equivalent to a total of 19,020 used GPS-
locations (see Table 1). The explanatory variables included 
decay distance from the mine (i.e. the decay indexes men-
tioned above), activity periods (i.e. “holidays”, “weekends”, 
“workdays without blasting”, and “workdays with blasting”), 
slope, elevation, and aspect. We included individual rein-
deer year as random factor to account for individual yearly 
variations (Zuur et al. 2009). Akaike’s information criterion 
corrected for small sample sizes (AICc)-values and delta 
AICc were used to identify the most parsimonious model 
(see Online Resource: Table S1). To illustrate the results 
from the RSF models, we calculated predicted probabilities 
of selection and the 95% confidence intervals (CI) to show 
the marginal effects of the distance to the mine for the dif-
ferent activity periods. All analyses were done in R version 
3.5.1 (R Core Team 2018).

Results

The decay index 1/500 gave the best model fit compared 
to the other decay indexes (Online Resource: Table S1), 
indicating an approximate influence zone of < 1.5 km, i.e. 
the effect of distance to the mine becomes imperceptible 
after 1.5 km. The variables identified by the most parsi-
monious model include elevation, slope, aspect, and decay 
distance to mine interacting with mine activity levels (see 
Online Resource: Table S1).

We found that reindeer significantly reduced their use of 
habitats closer to the mine in high-activity periods (Fig. 2; 
Table 2). In comparison with the 3-week holiday, model 
predictions on relative probability of use showed an aver-
age reduction of 34% for workdays with blasting within 
1.3 km, and 35% within 1.4 km for workdays without 
blasting. Compared to weekends, we found a reduction 
in relative probability of use within 1.3 km by 30% and 
34% for workdays with and without blasting, respectively 
(Fig. 2; Table 2). We found no difference in habitat use for 
reindeer on workdays with vs. without blasting, suggesting 
that rock blasting events did not have additional negative 
effect. Probability of use did not differ between holidays 
and weekends (Fig. 2; Table 2). 

In general, there was still a baseline reduction in habitat 
use during both holidays and weekends. The reduced use 
in relation to the mine becomes minimal after 0.9 km for 
the 3-week holiday, 1.0 km for weekends, and 1.5 km dur-
ing workdays (both with and without blasting) (Fig. 2). We 
also found effects of elevation, slope, and aspect (Table 2), 
showing reduced use at lower or higher elevations, on 
steeper slopes, and more use for the north facing slope.

Discussion

Our findings show a general negative effect from a surface 
mine on reindeer habitat use, confirming prediction 1. Fur-
thermore, periods of high activity result in a stronger nega-
tive response, indicating that human activity represents a 
key disturbance stimuli for reindeer, confirming prediction 
2. This becomes clear when using the period with the low-
est level of operations (the 3-week holiday) as a reference 
level, and is also supported by Polfus et al. (2011), which 
only found minor effects from mines in seasons when 
human activity was low. Similarly, Eftestøl et al. (2016) 
only found negative effects during construction for power 
lines when human activity was high. However, there was 
no difference in effects between workdays with and with-
out blasting or when comparing the 2.5 day weekends vs. 
the 3-week holiday. This means that neither prediction 3 
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or 4 was supported. Possibly, at the high level of general 
mining operations during workdays, blasting does not add 

additional stimuli leading to increased negative reactions 
by reindeer. Furthermore, it seems like a day or two with 

Fig. 2   Predicted probability of 
use (±95% CI) in relation to 
distance to the mine and mining 
activity periods from the top 
predictive model for reindeer 
resource selection (RSF) in the 
snow-free season (i.e. summer 
and autumn) during 2011–2017 
in Finnmark, Northern Norway. 
The predicted probabilities for 
the distance predictor variable 
were calculated while keeping 
the other continuous predictor 
variables constant (at their mean 
values)

Table 2   Estimates of model 
coefficients with lower and 
upper confidence interval (95% 
CI; *p < 0.05) in relation to 
distance from the mine and 
activity periods in snow-free 
season during 2011–2017 in 
Finnmark, Northern Norway

“Holidays” used as a reference level
2 Represent a squared term
a This refers to weekends without blasting days, weekends with blasting days excluded from the analysis 
due to low sample size
b Minimum distance in meters to the mine transformed to decayed distance using = exp(−  distance/500). 
Because of the decay function, negative coefficients for the decay distance indicate avoidance closer to the 
mine
*Indicates significant (i.e. p < 0.05)

Effects Estimate SE Lower 95% CI Upper 95% CI

Intercept 0.359 0.027 0.306 0.412*
Weekendsa 0.020 0.031  − 0.041 0.081
Workdays without blasting 0.069 0.029 0.013 0.125*
Workdays with blasting 0.046 0.035  − 0.022 0.115
Decay distance to mineb  − 0.776 0.123  − 1.017  − 0.536*
Elevation  − 0.123 0.013  − 0.148  − 0.098*
Elevation2  − 0.327 0.010  − 0.346  − 0.307*
Slope  − 0.101 0.017  − 0.135  − 0.067*
Slope2  − 0.076 0.008  − 0.091  − 0.061*
Aspect  − 0.069 0.013  − 0.095  − 0.043*
Aspect2 0.055 0.014 0.027 0.082*
Weekends × Decay distance to mine  − 0.371 0.200  − 0.764 0.021
Workdays without blasting × Decay distance to mine  − 2.805 0.285  − 3.363  − 2.247*
Workdays with blasting × Decay distance to mine  − 2.522 0.373  − 3.253  − 1.791*
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low activity is enough to allow animals to resume grazing 
closer to the mine.

Through separating (1) higher mining activity periods of 
minimum 3 days’ length (workdays with blasting) and up 
to ca 4.5 days’ length (workdays without blasting), and (2) 
low-activity periods of ca 2.5 days (weekends) and 3 weeks 
(holidays) over a period of 7 years, we were able to make 
up to 38 temporal replications for each season (see Table 1). 
The large number of replications in our study assures that 
effect estimates for each activity period are not affected dif-
ferently by confounding factors. Thus, the 30–35% reduced 
use of habitats up to 1.4 km from the mine in high activity 
periods compared to periods with low-mining activity is 
likely caused by the change of human activity. This shows 
how functional habitats are affected as a consequence of 
mining disturbance, and are similar to findings for other 
large herbivores (e.g. White and Gregovich 2017).

A general increase in area use farther from the mine, up 
to approx. 0.9 (low activity) and 1.5 km (high activity), sug-
gests that avoidance responses occur within the same dis-
tance interval. However, our analysis did not include data 
on habitat use from before the mine was established, thus 
we are uncertain about these estimates. Some effects of rein-
deer habitat preference, like seasonal pasture difference, and 
terrain steepness (Skarin et al. 2008), are partly accounted 
for by including elevation, slope, and aspect in our model 
predictions. However, other factors such as landscape fea-
tures (e.g. mountains hilltops, rivers, lakes, etc.), reindeer 
seasonal migration pattern, predators, insect harassment, and 
other human activities most likely also affect reindeer use 
of this area independent of the mine (e.g. Skogland 1984; 
Nybakk et al. 1999; Frid and Dill 2002; Pape and Löffler 
2012; Iversen et al. 2014). For instance, according to the 
herdsmen, the mine site was previously more preferred than 
the rest of the study area due to high-quality pasture, low 
human disturbance, and insect relief near the coast (Frode 
Utsi, ‘Pers. comm.’). This suggests that general effects of the 
mine, including both high and low-mining activity periods, 
are likely larger than shown in our analysis.

Our results showed a reduced habitat use up to, but not 
beyond 1.5 km, and supports that the study area, encompass-
ing an area within 10 km, was large enough to test the effects 
from the mine in question, i.e. the effects would not be larger 
if we included areas on the far side of the barriers. However, 
in another context, e.g. if reindeer graze freely over a larger 
area with more uniform habitats and without barriers, our 
results may have been different. This applies both to the 
results in general and in relation to differences between work 
days with and without blasting even though the reductions 
in semi-domesticated reindeers’ use of habitats at distances 
up to 1.5 km from human disturbances are supported by 
previous findings in Fennoscandia (e.g. Anttonen et al. 2011; 
Skarin et al. 2015; Eftestøl et al. 2016).

The negative effects found in our study are in line with 
previous findings in mine disturbance studies for other cer-
vids such as caribou, big horn sheep, and mountain goats 
(e.g. Jansen et al. 2009; White and Gregovich 2017). It 
is likely that visual, scent and noise stimuli from heavy 
machinery, blasting, vehicle traffic, and human activity, all 
combined disturb or frighten reindeer within the distance 
of perception (e.g. Stankowich and Reimers 2015). Noise 
in particular may have disturbing effects at long distances 
(Drolet et  al. 2016), but animals may show behavioral 
habituation to a repeated noise-stimuli that are not asso-
ciated with danger (Stankowich 2008; Bejder et al. 2009; 
Stankowich and Reimers 2015), indicating that ungulates 
do not consistently associate noise and human activity with 
an increase in predation risk (or cannot afford to main-
tain responsiveness to the most frequent human stimuli), 
but may allow for greater investment in fitness-enhancing 
activities (Brown et al. 2012). However, a range of mecha-
nisms can lead to changes in tolerance (Bejder et al. 2009). 
For instance, Helle et al. (2012) reported adverse effects of 
outdoor activities on reindeer area use, however the toler-
ance level increased with improved channelling of tourists 
into fewer and better marked hiking and ski trails. We found 
the highest use close to the mine site during the 3-week 
holiday period, and more use of habitats near the mine site 
during weekends than workdays. It seems, therefore, that 
avoidance is mainly related to direct disturbance events con-
nected to human activity (Reimers et al. 2007; Reimers and 
Eftestøl 2012), as well as a long term avoidance of habitats 
with increased disturbance risk (Bleicher 2017). To a lesser 
extent, this might also be the case for the surface mine in 
our study, where even after 3 weeks of low-mining activity, 
reindeer maintained less use of habitats within 0.9 km of 
the mine.

Based on the results of our study and other findings (e.g. 
Johnson et al. 2005; Weir et al. 2007; Jansen et al. 2009; 
Boulanger et al. 2012; Herrmann et al. 2014; Johnson and 
Russell 2014; Cristescu et al. 2016a; White and Grego-
vich 2017), it seems that zones of influence for Rangifer 
surrounding mine sites could vary from < 1.5 km and up 
to > 30 km. Some of the studies on effects of mines may 
lack substantiation (Hebblewhite 2008) or have weaknesses 
in relation to the methods used (Flydal et al. 2019), but 
the variation in conclusions may also be related to context 
dependency. For example, our study is on semi-domesticated 
reindeer, known to show weaker response to humans com-
pared to wild reindeer (Baskin and Hjalten 2001).

Improved data on area use for mining projects in Rangifer 
habitat are needed to consider interactions with landscape, 
migration patterns and herding practice, as well as direct 
effects from the intensity of mining activity. Although we 
conclude that more negative effects result from periods of 
higher mining activity, we are less certain about the general 
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effects of the mine independent of activity periods. Since 
we have found that reindeer resume some use of previously 
disturbed habitats within days, it is likely that negative 
effects of mining can be partly mitigated by reducing the 
intensity of mining activities in critical periods for reindeer. 
An effective mitigation measure might be to keep mining 
activities to a minimum during periods when reindeer uses 
the area intensively, such as during calving and migration. 
GPS-monitoring of animals could also be an important tool 
before development starts (Herrmann et al. 2014) to imple-
ment mitigation measures of this kind after initiation of a 
new mine or other human developments.
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