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a b s t r a c t 

Testing and documenting effects of wind farm (WF) infrastructure on wildlife are crucial considering 

increasing development throughout Scandinavia, especially for reindeer, which require large areas for 

grazing and are vulnerable to disturbances. We present results from 2011 to 2019 for semidomesticated 

reindeer tracked with Global Positioning System (GPS) transmitters, along with herders’ knowledge about 

reindeers’ habitat use and changes following WF development within the Raggonjarga reindeer district 

summer range in Finnmark, Norway. We tracked up to 36 females (ranging from 19 to 36 individuals per 

year), from their arrival in the study area in April to their departure in the end of October. We evalu- 

ated habitat use before, during, and after WF development at the home range and landscape scales. We 

also evaluated reindeer habitat use qualitatively based on semistructured interviews with local herders. 

The herders’ reported negative effects of the WF on reindeer, both on general habitat use and intrarange 

movements, resulting in less use of grazing areas surrounding the WF and increased workload for the 

herders. The GPS results partly support the herders’ experiences. We found negative effects of the WF 

at the landscape scale, except during summer, where the effect was positive. Results at the home range 

scale showed negative effects of the WF in spring and summer, but not autumn. Different results at differ- 

ent scales make identifying causality challenging, especially as yearly variation was also large. Different 

results for summer and autumn may relate to changes in herding activities and larger movement pat- 

terns, respectively. Similar and contrasting results from the two methods suggest a need for both sources 

of data in combination to understand and improve land management. Including herders’ knowledge to 

understand results from GPS data is thus crucial. We also suggest future studies focus on mechanisms 

behind behavioral changes to better understand cause-and-effect relationships and how effects can be 

mitigated. 

© 2022 The Author(s). Published by Elsevier Inc. on behalf of The Society for Range Management. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction 

Production of renewable energy is increasing in many parts of

he world, along with concerns for potential negative effects on lo-

al ecosystems and other user groups. In Scandinavia, the number

nd size of wind farms (WFs) has been increasing since the 1990s

 Enevoldsen and Permien, 2018 ; Munkejord, 2018 ; Todd, 2019 ).

otivated by public demand and governmental green energy cer-

ificate subsidies, the amount of wind power increased from a total

f 9.9 TWh in 2020 to 11.8 TWh in Norway in 2021 ( NVE, 2022 )
✩ This work was supported by Varanger Power Company, the Swedish Environ- 

ental protection Agency, the Swedish Energy Agency (VindVal project), and the 

orwegian Research Council (project 255635). 
∗ Correspondence: Diress Tsegaye, PO Box 1066, 0316 Oslo, Norway 

E-mail address: d.t.alemu@ibv.uio.no (D. Tsegaye). 
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nd is estimated to increase from 27.5 TWh in 2020 to 30 TWh in

weden within 2030 ( Swedish Energy Agency, 2020 ). While wind

nergy is an important alternative for reducing carbon emissions,

Fs are mostly located in remote areas of Scandinavia and may

ead to fragmentation and disturbance of wildlife habitats. Thus,

ocumenting and testing the effect of WF infrastructure alone or

n synergy with existing infrastructure is crucial considering their

ncreasing density and dispersal throughout Scandinavia. 

Terrestrial WFs may lead to the mortality of individuals for

umerous species of bats ( Arnett et al., 2016 ) and birds ( Zwart

t al., 2016 ) or avoidance of habitats by other animals,

uch as large predators ( Ferrão da Costa et al., 2018 ) and

ervids, including reindeer Rangifer tarandus (e.g., Skarin and
˚ hman, 2014 ; Skarin et al., 2018 ). Depending on existing

uman disturbance and additional disturbances from WFs, 

he cumulative negative effects on wildlife populations may
ange Management. This is an open access article under the CC BY license 
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each thresholds where habitat functionality is reduced, es- 

ecially for species like reindeer that are vulnerable to hu- 

an disturbances and depend on large grazing areas ( Eftestol 

t al., 2021 ). In general, when scaling up local adverse effects from

Fs on wildlife, it may have severe consequences at the popula-

ion level ( May et al., 2019 ). 

Reindeer pastoralism is an important part of the culture and 

conomy for indigenous Sami people of Scandinavia, Finland, and 

he Russian Kola-peninsula ( Bjørklund, 2013 ). Semidomesticated 

eindeer ranges cover more than 50% of land areas in Norway and

weden, overlapping areas of existing infrastructure and planned 

Fs. In this context, there is an escalating land use conflict ( Pape

nd Löffler, 2012 ), often exacerbated by lack of communication 

mong user groups, including WF developers and Sami reindeer 

astoralists. According to Norwegian Nature Diversity Act ( Ministry 

f Climate and Environment, 2009 ), traditional knowledge should 

e included as part of assessment and decision-making processes, 

nd such involvement has been emphasized in some social sci- 

nce studies ( Oskal et al., 2009 ). However, most biological stud-

es on habitat use of semidomesticated reindeer lack traditional 

nowledge and information on herding activities (see reviews by 

karin and Åhman, 2014 ; Flydal et al., 2019 ). Herders’ knowledge

an contribute to planning of biological studies ( Sandström et al.,

003 ), such as defining study areas or seasons, while also consider-

ng choice of sampling methods (e.g., counting animal pellets, mea- 

ure of changes in lichen volume, direct observation of animals or

racking animals using GPS, respectively). Herders’ knowledge and 

xperience may also help interpret results from biological studies. 

his calls for closer collaboration between herders and biologists 

n planning, conducting, and interpreting studies on the effects of 

Fs on reindeer. 

Studies on effects of WFs and associated infrastructure on 

emidomesticated reindeer habitat selection vary from no effect 

 Colman et al., 2013 ; Tsegaye et al., 2017 ) to some effects on home

ange, with less use of areas up to a few km from WF infrastruc-

ure ( Skarin et al., 2015 ; Skarin and Alam, 2017 ; Skarin et al., 2018 ).

nterestingly, and compared with results based on GPS data from 

uch studies, reindeer herders often report stronger negative ef- 

ects from WFs on the basis of their experience during herding ac-

ivities. Possibly, indirect effects on a large scale or local movement

atterns connected to habitat use in areas seemingly unaffected by 

Fs could be underestimated in previous studies since information 

rom herders (qualitative data) has seldom been considered while 

nterpreting quantitative data (e.g., Colman et al., 2013 ). Herders

Utsi and Holtan, personal communication, 2016) argue that avoid- 

nce of WF areas may lead to overgrazing in other parts of the

ange, as well as conflicts with neighboring districts if reindeer

ove outside their population range. Also, herding activities may 

e more time consuming if reindeer increase movement rates away 

rom otherwise preferred habitats due to the WFs. On the other

and, active herding could also mitigate reindeer avoidance effects. 

hus, information on such activities is crucial when interpreting 

esults from GPS data on reindeer habitat use. 

We aimed at investigating changes in habitat use of reindeer at

oth individual home range (here after “home range”) and “land- 

cape” scales using resource selection functions (RSFs) and how 

eindeer herdsmen coped with eventual changes after WF devel- 

pment within the Raggonjarga reindeer district’s summer range 

n Finnmark, Norway. We compared how selection differed be- 

ween periods (i.e., before, during, and after WF development) and 

resent results based on GPS data along with herders’ knowledge 

bout reindeer movement patterns and habitat use when interact- 

ng with a WF on their summer range. Herders also contributed to

nterpreting and discussing results from the GPS data. For example, 

e include how reindeer use of an area might relate to herding ac-
o

aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 02 De
f Use: https://bioone.org/terms-of-use
ivities, which again might counteract or acerbate negative effects 

f the WF. 

Importantly, GPS data on habitat use of reindeer are objec- 

ive, while experiences and descriptions from herders are subjec- 

ive information gathered in a context of area use conflict. If re-

ults based on GPS analyses and herders’ experiences deviate, we 

resent possible reasons and suggest further research to verify 

ndings before conclusions are made. 

aterials and Methods 

tudy area 

The Raggonjarga reindeer district is located in Finnmark County, 

orway. The district’s spring, summer, and autumn pastures are 

ocated on Varanger peninsula, while the winter pastures are lo- 

ated near the border toward Finland ( Fig. 1 ). The reindeer popu-

ation during winter has varied between 3 974 animals in March

011 and 3 686 animals in March 2019. Approximately 80% of

he population is female, and with a calving rate of approxi-

ately 90%, the summer population is usually 6 50 0 −7 0 0 0 an-

mals ( Landbruksdirektoratet, 2019 ). Our study area was used by

eindeer from April to October and is located within the north-

estern part of the district, including the Rákkocearru WF on a

lateau in the northwestern end of the Varanger peninsula (see 

ig. 1 ). The development of the WF started on 10 June, 2013 and

as completed at the end of September 2014 ( Table 2 ). The WF has

5 wind turbines, each with a tower of 80 m and a rotor diame-

er of 101 m, and a total height for each turbine of approximately

30 m. In connection with the WF, about 20 km of gravel road ( <

 m wide) was built, along with a short power line of approxi-

ately 2 km connecting the WF to the existing grid. The WF is

uilt on a ridge dominated by boulders in the northern section of

he summer range. Even if the ridge itself has poor reindeer habi-

at, the northern part of the range as a whole constitutes impor-

ant pastures and is the most used section of the entire summer

ange. Most human infrastructure can be found along the coast or

he eastern and southern borders of the study area. A road runs

long the entire southern, eastern, and northern borders, with sev- 

ral cabins along this road. There are also a few cabins dispersed

ndividually throughout the range, an area with a few cabins clus-

ered together along the western coastline (without road connec- 

ion), the village of Berlevåg, and some smaller power lines (22 −66

v). Approximately 40 km south of the WF in the southwestern

orner of the study area, there is a small settlement and an open-

ast mining quarry ( Eftestøl et al., 2019 ). 

For analyses of habitat use we delimited the study area based

n geographical and infrastructural barriers and traditional knowl- 

dge on herding practice/traditional use of the summer range (Utsi, 

ersonal communication, 2019; for details, see Appendix 1). To- 

ether with herding activities, a fence to the south, and the road,

alley, and river along the eastern border of the study area delimits

he study area (see Fig. 1 ). 

ommunication with reindeer herders 

Rákkonjárga reindeer district consists of eight family groups of 

eindeer owners that collectively herd their reindeer in this area. 

e conducted qualitative and mostly semistructured interviews 

 Huntington, 1998 ) with herders, along with unstructured dialog. 

ost of our communication has been done on a regular basis

ith the leader of the herding district ( Table 1 ), but with addi-

ional communication with other herders during field work. The 

istrict leader represents all family groups and herders, and they 

ave continuously discussed topics related to our study with the 

thers before and after interviews/dialog with the research group. 
c 2024
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Fig. 1. Map of Rákkocearru reindeer district showing the study area, seasonal reindeer ranges, and migration routes, Varanger peninsula, Finnmark, northern Norway. 

Table 1 

Approximate number and form of communication contributing to data sources provided by herders before, during, and after wind farm construction. Numbers for email, 

phone, and “other” are based on combined monthly averages per year, excluding minor or private talks. 

Communication Approximate 

average per yr 

Total (10 yr) Main information gathered (used in the analysis) 

In person during meetings 2-3 20-25 Information involving detailed maps and fieldtrips. 

Familiarization with local practice and challenges. Understand 

production, reindeer movement patterns, and habitat use. Gain 

trust and understand informants’ perceptions and experiences. 

Email and attachments 2-4 25-30 Validate our information and interpretations of various 

discussions, figures/visualizations, and GPS results. Clarify 

uncertainties or misunderstandings. 

Phone conversations 7-10 75-100 Planning, confirmation of information, updates, discuss 

concerns, equipment, and organize fieldwork. 

Yearly reports and presentations 1 10 Broader understanding of challenges, perceptions, and feelings 

within the context of WF development and semidomestic 

reindeer. 

Presentations within the scientific community 

and administrative management authorities, 

also sent and discussed with the herders 

0-1 2 Feedbacks from oral presentation of results at: (i) Conference 

on wind energy and wildlife impacts held in Estorli, Portugal 

in 2017, (ii) reindeer conference in Sweden in 2019, (iii) 

Norwegian water resources and energy directorate in 2020, 

and (iv) display of posters at 14th Arctic Ungulate Conference 

in 2015, Røros, Norway. 
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Terms of U
urthermore, email communications from the research group, in-

luding drafts of both GPS and “herders experiences” results, were

xchanged with the reindeer district secretary, and the secretary

nd/or the district leader forwarded and/or discussed these drafts

ith all other active herders. There were no significant disagree-

ents between herders in relation to their experiences of effects

rom the WF. The focus of our interviews and dialog with herders,

n addition to “mapping” the herders’ own activities affecting the

eindeers’ habitat use, was to include their knowledge about rein-

eer habitat use in general (i.e., movement patterns, reactions to

eather, predators and human disturbance), as well as linking GPS

ata to various environmental conditions. It was also important to

ocument how the herders perceived the WF effects on the rein-

eers’ habitat use and movement patterns. As GPS data became

vailable and analyzed, communication also included information

elated to trends in those data. 

Often during and after meetings and telephone conversations,

arlier drafts of habitat use and reindeer herder experience were

pdated and then sent by email to the herders. This was done to

onfirm the information, validate, achieve transparency, and allow
d From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 02 Dec 20
se: https://bioone.org/terms-of-use
urther discussion of the details in the field. Herders also provided

nsight into how they counteracted what they experienced to be

ccurring through actively adapting their herding activities to ad-

ust for negative effects from the WF. 

It is important to understand that reindeer owners and the

ami society are in general strong opponents of WF development

n their herding area, and agreements between reindeer districts

nd WF developers are rare. In 2021, a Norwegian Supreme Court

ecision resulted in the invalidity of licenses for wind power de-

elopment in Fosen. The court stated construction violates Sami

eindeer herders’ right to exercise their own culture. This was fol-

owing an earlier court decision awarding 89 million NOK in com-

ensation for the affected reindeer district (6 family groups) in the

ourt of Appeal in 2019 ( Superme Court of Norway, 2021 ). We ac-

nowledge that conflicts of interest involving land use, culture, and

conomic compensation may influence respondents in interview- 

ased studies ( Eftestøl et al., 2022 ; Skarin et al., 2022 ; Tømmervik

t al., 2022 ). However, based on culture and local experience, Sami

eindeer herders have extensive knowledge on local behavior of

eindeer within a given study area. Through experience, they know
24
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ow reindeer react to various disturbances and how they adapt

o changes in grazing conditions. It is therefore crucial to include

ocal knowledge. Nevertheless, there are weaknesses when using 

nterview-based data ( Beam, 2012 ; Friberg, 2019 ). Information that

merges through conversation or interview will be subjective and 

ay give a distorted picture because people tend to notice condi-

ions in their surroundings that confirm the perception they have 

f a causal relationship. When conveying experiences to others (in- 

erviewee to the interviewer), there may be a tendency to empha-

ize information that strengthens a causal relationship in which 

ne believes, or which supports oneself in a conflict of interest.

ften, reindeer herders will also observe/work with the reindeer 

n situations of increased disturbance (e.g., herding reindeer back 

o avoided areas). Thus, we consider interview-based information 

s valuable for understanding which possible causal relationships 

hould be analyzed through objective data, such as GPS. However, 

nterview-based information alone can give a distorted picture of 

he real situation, especially if the person being interviewed is in-

olved in conflicts of interest with the WF developers. 

Thus, a main goal with this study was establishing trust and

ialog between herders and ourselves, such that we could both 

iscuss trends observed by either the herders or in the GPS-data

ithout reserve. This led to the form of integrated results pre-

ented here, improving the final interpretation of both GPS data 

nd herders’ experiences. Please note that not all data from the

erders are specifically tested in this paper but could be interesting

or further studies. As such, it shows the potential of integrating

raditional knowledge in planning and analyses of scientific stud- 

es ( Kadykalo et al., 2021 ). 

eindeer data 

In total, 232 271 GPS positions were gathered in the study area

rom up to 36 GPS-collared females (ranging from 19 to 36 indi-

iduals per year), over 8 yr (16 September 2011–30 August 2019).

ince the herders themselves changed GPS collars between animals 

hen changing batteries or when a GPS-collared animal was se- 

ected for slaughter, we did not have full control over when GPS

ollars changed between individuals. We thus treated each GPS 

ollar as a separate individual between years. GPS Plus collars from

ectronics Aerospace GmbH were programmed to register animal 

osition every 3 h. Rare GPS fixes below 3-h intervals and all data

hen the animals were within fenced pens, or when herders for-

ot to turn the GPS collars off after removing them from animals,

ere removed. We also excluded data 2 d before they were in

he fenced pens and data 2 d after reindeer were herded into the

tudy area. This was done to remove time when reindeer were af-

ected by herding activities and gathering (see Fig. 2 and Appendix

 for details about the yearly traditional use cycle within the study

rea). In total, approximately 13% of the GPS data was removed on

he basis of the previously listed criteria. Thus, the total number of

PS positions included in our analysis was 193 866 (for details see

able 2 ). The number of GPS-collared individuals used during the

tudy periods are shown in Table 2 . 

tudy design and model covariates 

We used three seasons based on herders’ information on rein-

eer habitat use and traditional herding activities: spring, summer, 

nd autumn. More specifically, the spring season began 2 d af-

er reindeer arrived in the study area, starting 15 April and last-

ng until 24 June, but with slightly variable start dates each year.

ummer began 25 June and ended 2 d before each individual was

erded into the handling facility at Stjernevatnet, usually in late 

ugust (see Fig. 2 ) and released on the south side of the fence
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 02 De
f Use: https://bioone.org/terms-of-use
long the main road. Autumn began 2 d after the animals ar-

ived back into the study area before rut (after 1 September), and

asted until 2 d before they again were herded back into the han-

ling facility at Stjernevatnet (before 30 October). Even if herders 

ook after the reindeer, keeping them within seasonal pastures and 

reventing unwanted migrations throughout the year, the most 

ntensive herding activities are connected to the larger gathering 

eriods. By dividing the seasons like we did, we excluded these

athering periods and only used GPS data when reindeer were 

ostly free-ranging in the analyses. 

We evaluated habitat use of reindeer using before-after de- 

ign (i.e., before, during, and after WF development) (e.g., Bartzke 

t al., 2014 ; Smokorowski and Randall, 2017 ; Flydal et al., 2019 )

t two spatial scales (home range and landscape) because indi- 

idual and landscape-level characteristics influence habitat selec- 

ion differently (e.g., Johnson, 1980 ; Johnson et al., 2005 ; Laforge

t al., 2015 ). Information from the herders was also important

hen deciding to analyze data at these two scales and three sea-

ons (spring, summer, and autumn). This was because we expected 

erding to interact with habitat use differently at different scales, 

ith decreasing influence with decreasing scale. We used qualita- 

ive interviews and descriptions to understand how herders’ expe- 

iences related to and were connected with effects found based on

PS data analyses. 

To identify reindeer habitat selection (use vs. availability), we 

ompared observed GPS positions with random points. At the land- 

cape scale ( Johnson, 1980 ), we generated random points within

he entire study area. The entire study area was defined as avail-

ble area for each individual every year and season at this scale.

ithin the home range scale ( Johnson, 1980 ), random points

ere generated within each individual yearly seasonal 99% BBMM 

Brownian bridge movement model) home range ( Horne et al., 

007 ). On both scales, we used a 1:8 ratio, meaning we generated

 times as many random points as observed GPS points on the ba-

is of Northrup et al.’s (2013) approach. 

Using ArcGIS 10.7.1, we generated distance variables associated 

ith the WF. Distance variables included minimum distance to 

ind turbines and access roads. To control for landscape features 

nd pasture conditions, we extracted elevation for each data 

oint from topographic data provided by Norge Digitalt (pixel size 

5 × 25 m) and 25 vegetation types provided by NORUT (Landsat

M/ETM + , pixel size 30 × 30 m, available at https://norut.no/ )

or each data point. We then classified the 25 vegetation/habitat

ypes into 8 main groups (details are given in Table S1, available

nline at …) based on plant structure and landscape features 

 Gaare and Skogland, 1975 ). To capture the complexity of the

andscape at a biologically meaningful scale for reindeer, we 

xtracted vector ruggedness measures (VRM) from DEM (digital 

levation model) within a 3 × 3 moving window centered on each

ell following Sappington et al. (2007) . VRM integrated variation

n slope and aspect ( Sappington et al., 2007 ; Poole et al., 2016 ), a

imensionless ruggedness value that ranges between 0 (flat) and 

 (most rugged). Typical values for natural terrain range between 

 and 0.5, with rugged landscape defined to be greater than

.02. We also extracted NDVI (Normalized Difference Vegetation 

ndex) for the study period using MODIS HDF data. We used the

DVI from the Moderate Resolution Imaging Spectroradiometer 

MODIS) receiver using the novel “R” package MODIStsp ( Busetto 

nd Ranghetti, 2016 ). We used NDVI time-integrated as a covariate

ecause it is a measure of primary productivity ( Pettorelli et al.,

0 05 ; Hebblewhite et al., 20 08 ; Bischof et al., 2012 ). For each

eindeer GPS position, we constructed a yearly NDVI time series 

ased on the 16-d satellite images available (pixel size 250 × 250

). The time series NDVI was smoothed and interpolated per 

ay for each year across the growing seasons ( Ruimy et al., 1994 ;

ischof et al., 2012 ). 
c 2024
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Fig. 2. Traditional reindeer herding/migration/movement patterns and the effects from the wind farms on these based on reindeer herder’s experiences (numbers in map 

relate to numbers in the result section 3.1). 

Table 2 

Study periods over the 9 study yr for reindeer in the Varanger peninsula main study area, Finnmark, northern Norway. 

WF development phase Yr Date No. of GPS-collared 

reindeer 

No. of GPS positions Dates excluded from 

analyses 1 

Before 2011 02/10-31/10 32 2 777 

2012 24/04-31/10 35 33 144 01/09-29/09 

2013 29/04-09/06 35 10 679 

During 2013 10/06-24/10 35 16 477 01/09-27/09 

2014 16/04-30/09 24 14 015 01/09-24/09 

After 2014 01/10-31/10 20 2 609 

2015 16/04-22/10 33 32 029 01/09-25/09 

2016 16/04-23/10 36 29 355 22/08-30/08 

2017 07/05-24/10 29 20 506 01/09-25/09 

2018 23/04-19/10 23 18 311 01/09-22/09 

2019 25/04-25/08 19 13 964 

1 Excluded was from periods of heavy herding, when the herd was fenced, or located outside the study area. 
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Terms of U
We excluded pairs of covariates (one of them) from the mod-

ls with a Pearson’s correlation coefficient of | r | > 0.6. As a result,

istance from access road to WF was excluded from all the models

ecause it was highly correlated with distance to WF turbines ( r

 0.95). We chose distance to WF because feedback from herders

ndicated that the turbines caused the effects, not the roads. NDVI

as also excluded from the summer model at both scales because

t was highly correlated with elevation ( r > −0.65). We preferred

o keep elevation assuming that elevation best explains insect ha-

assment during summer. 

ata analysis 

We evaluated reindeer habitat use using resource selection

unctions (RSFs; Manly et al., 2002 ) before, during, and after WF
d From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 02 Dec 20
se: https://bioone.org/terms-of-use
evelopment by fitting logistic regression with generalized linear

ixed model in R ( Bates et al., 2014 ) for each of the three seasons

spring, summer, and autumn) separately. We analyzed each sea-

on separately for a better understanding of how reindeer respond

o the same anthropogenic stimuli at different times of the year

ith varying ecological attributes. We did the analysis at two lev-

ls according to Johnson’s (1980) home range and landscape scales

or each season. 

The response variable was binomial (used/available). The main

xplanatory variables included period (three levels: “before,” “dur- 

ng,” and “after”) interacted with distance from the WF. We ran

odels with all possible combinations of covariates known or sus-

ected to influence reindeers’ habitat selection. These covariates

nclude elevation, VRM, NDVI, and habitat type (eight levels: “for-

st,” “heath,” ”marsh,” “rocks and exposed ridges,” other ridges,”
24
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Fig. 3. Relative probability of resource selection ( ±95% confidence interval) of reindeer at the landscape scale in relation to distance from the wind turbines and development 

periods (before, during, and after construction) from the RSF models during spring, summer, and autumn seasons, Varanger peninsula, Finnmark, northern Norway. 
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Terms o
snow patch,” “unclassified,” and “others”). The habitat type “oth- 

rs” was not included in the models due to negligible or no use by 

he reindeer. We included individual reindeer as a random factor 

n each of the models to account for variations among individuals

 Zuur et al., 2009 ). When we detected nonlinarites for distance to

F, elevation and VRM, we added a square term. We used a scale

) function in R for the distance from WF, elevation, and VRM vari-

bles in order to facilitate model convergence ( Schielzeth, 2010 ). 

For each season, we selected the best parsimonious model in 

ur set of candidate models (see Tables S2 and S3) on the basis of

he lowest Akaike’s Information Criterion corrected for small sam- 

le sizes (AICc scores) ( Burnham and Anderson, 2002 ). All variables

ere checked for collinearity using variance inflation factors (VIF; 

uur et al., 2009 ), for each selected model, with VIF ≥ 3.0 as a

hreshold for removing a variable. To illustrate the results from the

SF models, we estimated the relative probability of selection to 

how effects of the WF before, during, and after construction as

ollows: 

 ( x ) = exp (β1 x 1 + β2 x 2 + β3 x 3 . . . βn x n ) , 

here w(x) is relative probability of selection at location x, and β1 

hrough βn is the estimated relative selection strength for explana- 

ory variables x 1 through x n from the logistic regression model 

 McDonald, 2013 ). All analyses were done in R version 4.1.0 ( R Core

eam, 2021 ). 

esults 

eindeer herders’ experiences 

The herders experienced negative effects of the WF on rein-

eers’ habitat use and intrarange movements ( Fig. 2 ). They re-

orted stronger negative effects on reindeer in areas where tur- 

ines are visible and in weather conditions of high visibility (to

e addressed in a future study, as are some other results from

he herders). A general pattern of habitat use before develop-

ent, where reindeer migrated northwards on the peninsula along 

he eastern side, grazed in the northern part of the study area,

nd then migrated back along the western side (see Appendix 1)

hanged after WF development. Instead, the herders report a dis- 

ant avoidance effect of the WF, where reindeer after development 

ended to move southwards throughout summer, necessitating in- 

reased herding activity to keep them grazing within northern sec- 

ions of the summer range. 
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 02 De
f Use: https://bioone.org/terms-of-use
Herders’ general opinions were that less use of grazing areas 

urrounding the WF has led to more use and increased grazing

ressure in the southern part of the range. Figure 2 illustrates

he herders’ experiences and understanding of the interactions be- 

ween reindeer and the WF, with main points outlined as follows

numbers below correspond with Fig. 2 ): 

(1) Increased herding activity in Kongsfjorddalen to prevent an- 

imals from migrating south again in the spring. 

(2) Reduced use of ridges that are in sight of the wind turbines

(2a), as well as reduced movements on the north side of the

WF, from east to west (2b) 

(3) Increased movements on the south side of the WF, from east

to west 

(4) Earlier migration southwards from the calving areas. Can al- 

ready happen at the end of the spring season 

(5) Reduced circular movements around the Rákko ̌cearru 

plateau, both ways, on both the north side (5a) and the

south side (5b) 

(6) Increased herding north again because the animals come 

south earlier than before (both at the end of the spring sea-

son and early summer) 

(7) Increased “edge surveillance” in Kongsfjorddalen to prevent 

animals from moving south after they have been herded 

from the south to Kongfjorden (see point 6) 

(8) Increased migration south earlier than before 

(9) Reduced gathering and herding southward at the end of the 

summer (in September at the end of the calf marking pe-

riod) 

(10) Reduced movement on the north side of the WF, from west

to east 

(11) Earlier migration south again after the rut 

PS data: landscape scale 

At the landscape scale, the most parsimonious models included 

istance to wind turbines interacting with period, and the covari- 

tes habitat type, elevation, VRM, and NDVI in each season, except

levation in spring and NDVI in summer (Table S2, available online

t …). Generally, reindeer showed little use of areas surrounding 

he WF for all seasons and periods. The only exception was in sum-

er for the postdevelopment period, when the reindeer increased 

heir use of areas closer to the WF compared with farther away

 Table 3 , Fig. 3 ). 
c 2024
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Table 3 

Estimates of reindeer resource sections (RSFs) at the landscape scale in relation to distance from turbines before, during, and after construction in spring, summer, and autumn seasons from 2011 to 2019 in the Varanger 

peninsula, Finnmark, northern Norway. 

Effects Spring Summer Autumn 

Estimate SE 95% CI Estimate SE 95% CI Estimate SE 95% CI 

Intercept 1.429 0.046 (1.340, 1.519) 1.323 0.041 (1.242, 1.404) 1.509 0.064 (1.384, 1.633) 

Heath −1.480 0.031 ( −1.541, −1.420) −0.615 0.030 ( −0.674, 

−0.556) 

−0.969 0.050 ( −1.067, 

−0.870) 

Marsh −1.455 0.050 ( −1.554, −1.356) −0.365 0.054 (–0.472, 

–0.258) 

–1.395 0.105 (–1.600, –1.190) 

Rocks and exposed 

ridges 

−2.498 0.032 ( −2.561, −2.436) –1.935 0.035 (–2.003, 

–1.867) 

–1.583 0.056 (–1.692, –1.474) 

Other ridges –1.384 0.032 (–1.446, –1.323) –0.601 0.031 (–0.662, 

–0.539) 

–1.036 0.052 (–1.138, –0.933) 

Snow patch –2.132 0.030 (–2.19,0 –2.074) –1.254 0.031 (–1.314, –1.193) –1.484 0.051 (–1.584, –1.383) 

Unclassified –2.111 0.035 (–2.179, –2.043) –1.607 0.037 (–1.679, –1.535) –1.831 0.062 (–1.953, –1.709) 

During 0.276 0.037 (0.204, 0.349) 0.136 0.037 (0.064, 0.208) 0.093 0.061 (–0.026, 0.212) 

After 0.470 0.046 (0.380, 0.560) –0.063 0.032 (–0.127, –0 0 02) 0.057 0.044 (–0.029, 0.143) 

Distance from WF –2.987 0.049 (–3.083, –2.891) 0.189 0.018 (0.154, 0.223) 0.243 0.021 (0.202, 0.284) 

Distance from WF 1 –1.924 0.039 (–2.001, –1.847) 0.024 0.015 (–0.005, 0.053) –0.060 0.018 (–0.096, 

–0.024) 

Elevation –0.410 0.009 (–0.428, 

–0.392) 

–0.268 0.016 (–0.299, 

–0.237) 

Elevation 1 –0.531 0.007 (–0.544, –0.517) –0.691 0.012 (–0.714, 

–0.668) 

VRM 9.234 0.418 (8.415, 10.052) 2.301 0.241 (1.828, 2.774) 1.535 0.395 (0.761, 2.310) 

VRM 

1 –30.491 2.522 (–35.435, –25.547) 

NDVI 0.846 0.028 (0.792, 0.900) 1.747 0.064 (1.621, 1.873) 

During × Distance from 

WF 

1.859 0.057 (1.747, 1.970) –0.156 0.022 (–0.200, –0.112) 1.504 0.061 (1.385, 1.623) 

During × Distance from 

WF 1 
1.068 0.050 (0.970, 1.165) –0.045 0.019 (–0.082, 

–0.007) 

–0.722 0.041 (–0.803, 

–0.641) 

After × Distance from 

WF 

2.313 0.050 (2.215, 2.410) –0.336 0.019 (–0.375, 

–0.298) 

0.339 0.025 (0.289, 0.388) 

After × Distance from 

WF 1 
1.375 0.040 (1.296, 1.454) 0.109 0.017 (0.077, 0.142) –0.189 0.022 (–0.233, –0.145) 

1 Represents a squared term. WF indicates wind turbines; VRM, vector ruggedness measure; NDVI, Normalized Difference Vegetation Index. “Forest” was used as a reference for the habitat type categorical variable, and 

“before” was used as a reference for period. For details on the habitat types, see Table S1, available online at ... 
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Fig. 4. Relative probability of resource selection ( ±95% CI) of reindeer at the home range scale (i.e. individual home range within seasonal range) in relation to distance 

from the wind turbines and development periods (before, during, and after construction) from the resource selection function models during spring, summer, and autumn 

seasons, Varanger peninsula, Finnmark, northern Norway. 
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In spring, the highest relative probability of use in the before

eriod was approximately 7.8 km away from the WF compared

ith approximately 10 km for the during and after periods, an in-

rease of 2.2 km in distance. In general, the use was more intense

etween approximately 2 −13 km away from the WF in the before

eriod compared with during and after periods. The intensity of 

se within this range was approximately 32 −35% lower during and

fter development compared with before, consequently leading to 

ore use of areas farther away from the WF during and after com-

ared with before (see Table 3 , Fig. 3 a). 

In summer, habitat use increased with increasing distance in 

he before period. The trend was opposite in the after period, while

here was no clear trend during. Compared with before, the use

as approximately 23% and 40% higher up to 18 km and 12 km for

uring and after development, respectively (see Table 3 , Fig 3 b). 

In autumn, all periods show a strong negative effect of the WF.

hen compared with before development, during showed a 72% 

ecrease in use up to 15 km and after a 38% reduction up to 12

m (see Table 3 , Fig. 3 c). 

For other covariates, selection varied between seasons (see 

able 3 , Fig. S1, available online at …). Reindeer selected low to

edium rugged areas in spring and rugged topography during 

ummer and autumn. They selected lower to medium elevation in 

ummer and autumn (Table S2, available online at …). Areas with

ncreasing NDVI were selected in spring and autumn, while NDVI 

as not included in the summer model (see Table S2). Reindeer

reference to the different habitat types varied considerably be- 

ween seasons (see Table 3; Fig. S3, available online at …). 

PS data: home range scale 

Similar to the landscape scale, the most parsimonious seasonal 

odels included distance to wind turbines interacting with period 

t the home range scale. The covariates habitat type, elevation, and

RM were included in each season, while NDVI was included only

n autumn (see Table S3, available online at …). Generally, reindeer

abitat use varied in areas surrounding the WF among seasons and

eriods. 

In spring, the highest relative probability of use in the before

eriod was at approximately 7.6 km. For during, there was no clear

rend between 0 and 10 km, but with clearly higher habitat use of
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 02 De
f Use: https://bioone.org/terms-of-use
reas farther away. In the after period, habitat use also increased

ith increasing distance from the WF. When compared with before 

nd within the distance interval of 3 −11 km, habitat use decreased

2 −18% during and after, while it was equal or higher at distances

loser or further away than this ( Table 4 , Fig. 4 a). 

In summer, there was more intense use up to approximately 

 km away from the WF before compared with during and af-

er development. In average, the selection decreased 22% during 

nd 16% after development within this zone compared with be- 

ore. There was also approximately 10% less use during develop- 

ent compared with after up to 1.5 km (see Table 4 , Fig. 4 b). 

In autumn, there was more use close to the WF in all periods,

ut there were no animals closer than 6 km from WF during. Com-

ared with during, there was 28% less use close to the WF up to

pproximately 20 km before and after. There was no change in the

election between before and after (see Table 4 , Fig. 4 c). 

Reindeer selected less rugged areas and lower to medium ele- 

ation in all seasons (see Table 4 , Fig. S2). NDVI had no effect in

utumn (see Table 4; Fig S2) but was not included in the spring

nd summer models (see Table S3). Reindeer selection to the dif-

erent habitat types also varied considerably between seasons (see 

able 4; Fig. S4). 

PS data: comparison of scales and yearly home range maps 

When comparing the scales and seasons, results for spring were 

egative on both scales. For summer and autumn, the results were

ifferent between scales. In summer, there was a positive effect at

he landscape scale and negative effect at the home range scale.

he opposite was found for autumn, with a negative effect at the

andscape scale and no difference at the home range scale. 

The BBMM maps (see Figs. 5–7 ) show large yearly and seasonal

ariation. The best example explaining such variability is for au- 

umn in the yr 2011 and 2012, showing intensive use in the north-

rn section of the study area in 2012 and no use in this section in

011. Both years are before WF development, indicating that large- 

cale habitat use changes happened without the development of 

he WF or any clear differences in other potential disturbances be-

ween years. 
c 2024
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Table 4 

Estimates of reindeer resource sections (RSFs) at the home range scale (i.e., individual home range within seasonal range) in relation to distance from wind turbines before, during, and after construction in spring, summer, and 

autumn seasons from 2011 to 2019 in the Varanger peninsula, Finnmark, northern Norway. 

Effects Spring Summer Autumn 

Estimate SE 95% CI Estimate SE 95% CI Estimate SE 95% CI 

Intercept 0.879 0.024 (0.832, 0.926) 0.453 0.034 (0.387, 0.520) 0.654 0.040 (0.576, 0.732) 

Heath –0.579 0.022 (–0.622, –0.536) –0.221 0.027 (–0.274, –0.167) –0.276 0.038 (–0.351, –0.201) 

Marsh –0.555 0.040 (–0.633, –0.477) –0.140 0.050 (–0.237, –0.043) –1.042 0.085 (–1.208, –0.875) 

Rocks and exposed ridges –0.907 0.026 (–0.958, –0.857) –1.217 0.033 (–1.281, –1.153) –0.642 0.045 (–0.73, –0.554) 

Other ridges –0.500 0.023 (–0.545, –0.456) –0.180 0.029 (–0.237, –0.124) –0.275 0.040 (–0.353, –0.196) 

Snow patch –0.843 0.022 (–0.886, –0.799) –0.568 0.028 (–0.624, –0.512) –0.570 0.040 (–0.64 8, –0.4 92) 

Unclassified –1.180 0.026 (–1.231, –1.128) –0.749 0.036 (–0.820, –0.679) –0.813 0.054 (–0.919, –0.707) 

During –0.134 0.021 (–0.176, –0.092) 0.169 0.026 (0.119, 0.220 0.189 0.034 (0.122, 0.256) 

After –0.071 0.014 (–0.098, –0.044) 0.084 0.023 (0.040, 0.128) 0.022 0.020 (–0.017, 0.062) 

Distance from WF –0.194 0.012 (–0.218, –0.171) –0.096 0.018 (–0.132, –0.06) –0.101 0.016 (–0.132, –0.069) 

Distance from WF 1 –0.179 0.013 (–0.203, –0.154) 0.163 0.015 (0.135, 0.192) 

Elevation –0.150 0.006 (–0.161, –0.139) –0.250 0.007 (–0.264, –0.235) –0.075 0.012 (–0.100, –0.051) 

Elevation 1 –0.062 0.004 (–0.071, –0.054) –0.085 0.005 (–0.094, –0.076) –0.165 0.007 (–0.180, –0.151) 

VRM –3.666 0.232 (–4.121, –3.211) –6.387 0.336 (–7.046, –5.728) 

VRM 

1 –5.821 0.482 (–6.767, –4.876) 

NDVI –0.102 0.074 (–0.107, 0.007) 

During × Distance from WF 0.349 0.021 (0.308, 0.391) 0.117 0.023 (0.072, 0.162) –0.288 0.035 (–0.356, –0.221) 

During × Distance from WF 1 0.266 0.018 (0.230, 0.302) –0.165 0.019 (–0.202, –0.128) 

After × Distance from WF 0.253 0.014 (0.226, 0.280) 0.057 0.019 (0.020, 0.094) 

After × Distance from WF 1 0.171 0.013 (0.146, 0.197) 

1 Represents a squared term. WF indicates wind turbines; VRM, vector ruggedness measure; NDVI, Normalized Difference Vegetation Index. “Forest” was used as a reference for the habitat type categorical variable, and 

“before” was used as a reference for period. For details on the habitat types, see Table S1, available online at …. 
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Fig. 5. Brownian bridge movement model (BBMM) maps showing the population home ranges of reindeer during spring in Varanger peninsula, Finnmark, northern Norway. 

The 25% and 50% BBMM shows the most used areas. 
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erders’ experiences and GPS-data 

Results from interviews and GPS-data analyses showed some 

oinciding trends. In general, herders experienced decreased uti- 

ization of pastures in areas near the WF and avoidance responses

eading to increased grazing pressure in distant areas. They sug- 

ested this was caused by a combination of avoidance and changes

n intrarange movement patterns and informed us that increased 

erding of reindeer after development was done to counteract 

hese negative effects and optimize the utilization of pastures 

hroughout the range, especially during early spring (before calv- 

ng) and summer. 

The GPS data showed both positive and negative effect of the

F across different seasons and scales. Both the home range and

andscape scale results confirmed that reindeer avoided areas dur- 

ng and after WF development in spring, supporting previous stud- 

es ( Skarin and Alam, 2017 ; Skarin et al., 2018 ). For summer, there

as seemingly an attraction toward the WF at the landscape scale

oth during and after WF development, but an avoidance at the

ome range scale. In autumn, reindeer avoided the WF after de-

elopment at the landscape scale, but not at the home range scale,

nd with opposing results during development with avoidance at 

he landscape scale and attraction at the home range scale. How-

ver, it is important to emphasize that there were no animals

loser than 6 km from the development area in this period. This
 d  

aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 02 De
f Use: https://bioone.org/terms-of-use
akes conclusions about effects on the home range scale difficult 

ince it is hard to argue that animals are attracted to a WF at dis-

ances more than 6 km, while at the same time, not using areas

loser than 6 km. 

nterpreting results from both forms of data 

Studying effects of human disturbance on habitat use of 

emidomesticated reindeer is complicated, since different factors 

re scale dependent and interact. For example, large-scale rein- 

eer herding activities may differ between years, either because of 

he infrastructure in question or other reasons like predator dis- 

ribution, pasture conditions, or changes in other human activi- 

ies. Since RSF models on habitat use are based on the assumption

f free-ranging animals, results from studies on semidomesticated 

eindeer may be biased by herding activities. In essence, this is

hy information on herding activities needs to be included when 

nterpreting results from RSF studies based on reindeer GPS data. 

hus, regional effects of infrastructure on reindeer seasonal area 

se may be shown through landscape habitat analyses by including 

erders’ experiences (e.g., Skarin et al., 2018 ). However, large-scale

emporal changes in habitat use at the landscape scale are still dif-

cult to interpret because natural fluctuations in habitat use are 

 key part of reindeer grazing ecology. Furthermore, several fac- 

ors affecting habitat use, such as overgrazing, predation, human 

ctivity, and insect harassment in combination with wind and pre- 

ominant wind directions (cold air from the arctic sea or warmer
c 2024
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Fig. 6. Brownian bridge movement model (BBMM) maps showing the population home ranges of reindeer during summer in Varanger peninsula, Finnmark, northern Norway. 

The 25% and 50% BBMM shows the most used areas. 
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Downloade
Terms of U
inds from the south) may be unknown (i.e., not possible to con-

rol for in the analyses) ( Flydal et al., 2019 ). Part of a reindeer herd

ay simply choose to graze in areas farther away from a WF in

 yr, independent of potentially negative stimuli, emphasizing the

mportance of studying reindeer habitat use for periods of several

ears and on several scales. 

We found similar avoidance trends for both home range and

andscape scales in spring, with the most intense use pushed from

.8 km to 10 km away from WF, supporting herders’ experience.

owever, with little use of habitats closer to turbines in any pe-

iod, the disturbance stimuli only appear at larger distances, mak-

ng it difficult to conclude about cause and effect. The fact that

ome of the habitat covariates had similar or sometimes stronger

ffect than distance from WF complicates the cause-and-effect re-

ationship further. However, in the barren and open landscapes,

eindeers’ perception of turbine rotation on the horizon, as well

s increased vulnerability during calving, could explain such an ef-

ect. Herders confirmed that reindeer often reacted when a rotat-

ng turbine appears on the horizon. The results could also be due

o changes in movement patterns that reduced movement from

ast to west on the north side of the WF in the start of the sea-

on (as the herders also experienced) and therefore reduced access

o the northernmost part of the range. Results for summer and

utumn are difficult to interpret because home range and land-

cape scale results differ. If scale dependent, such relationships

ould be explained by the fact that semidomesticated reindeer area

se is partly selected by herders ( Skjenneberg and Slagsvold, 1979 ;
d From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 02 Dec 20
se: https://bioone.org/terms-of-use
jørklund, 1990 ; Forbes, 2006 ). When including information from

erders, it is possible that increased herding of animals back north

uring and after development is the reason for the apparent WF

ttraction effect on the landscape scale in summer. Therefore, in

ur view, positive effects on landscape scale during summer does

ot necessarily contradict the herder’s experiences with negative

ffects throughout the summer season. It may indicate that herd-

ng activities during late spring and early summer counteracted the

egative effects on this scale. This is supported by the negative

ffects on the home range scale, where herding activities prob-

bly interact less with the animals’ area use. Furthermore, look-

ng into differences between years of large-scale directional move-

ents typical during herding for GPS-marked animals, the herders’

laims of increased herding activity from south to north during

arly summer seem to be supported by the GPS data (see Table

4 and Fig. S5, available online at …). In autumn, the apparent WF

voidance at the landscape scale could also be partly explained by

hanges in movement patterns, with a decreased use of the longer

ortheastern route, which includes larger areas close to the WF,

ack toward the winter range in the south. Although such reason-

ng may seem speculative, the herders experience with less use

f the areas east of the WF in this season is supported by yearly

easonal BBMM maps for autumn. Furthermore, the lack of neg-

tive effects on the home-range scale indicates limited avoidance

ffects per se in autumn, lending support that the landscape ef-

ects may be caused by either changes in movements patterns or

ther unknown factors. With respect to unknown factors or natural
24
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Fig. 7. Brownian bridge movement model (BBMM) maps showing the population home ranges of reindeer during autumn in Varanger peninsula, Finnmark, northern Norway. 

The 25% and 50% BBMM shows the most used areas. 
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Terms o
ariation, it is important to empathize the large yearly variation in

rea use during autumn. The best example explaining such vari- 

bility is for autumn in the yr 2011 and 2012, showing intensive

se in the northern section of the study area in 2012 and no use

n this section in 2011. Both years are before WF development, in-

icating that large-scale habitat use changes happened without the 

evelopment of the WF or any known differences in other poten-

ial disturbances between years. 

Herders also reported that the visual stimuli of the turbines 

hemselves were weaker in autumn because of shorter days and, 

n general, more days with ocean fog that reduces visibility. The

erceptual world or umwelt for reindeer is different from humans 

 Van Dyck, 2012 ). Since herders interact with reindeer and ob-

erve them “continuously,” the herders’ experiences and traditional 

nowledge are important to include to be able to understand “the

eindeers’ perspective” ( Skarin and Åhman, 2014 ). This suggests 

hat quantitative GPS-data analyses alone may be insufficient for 

ocumenting large-scaled effects from infrastructure on reindeer. 

ost importantly, barrier effects along migration routes and in- 

reased directional movement rates away from the disturbance, 

lso after the animals leave the “zone of influence,” could lead to

ffects on habitat use at the landscape scale. 

ffects on herders and from herders 

Information from herders indicate that traditional herding ac- 

ivities have changed in response to changes in reindeer habitat

se and movement patterns relative to the WF. To counteract neg-
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 02 De
f Use: https://bioone.org/terms-of-use
tive effects, the herders increased daily herding activities with the 

eindeer for longer periods throughout summer. Even if the geo- 

raphical range of semidomesticated reindeer populations in Nor- 

ay is partly defined by active herding ( Tveraa et al., 2007 ), an

ncrease in this workload is not necessarily sustainable over time 

 Furberg et al., 2011 ). 

In our case, the herders probably moderated negative effects 

rom the WF on habitat selection of semidomesticated reindeer, 

nd this is likely occurring in other areas and for other forms of

nfrastructure and disturbances. This could be a reason for stronger 

egative effects recorded for wild reindeer and caribou toward 

ost infrastructure other than WFs ( Panzacchi et al., 2013 ; Plante

t al., 2018 ), as well as behavior responses being modified through

omestication ( Reimers et al., 2012 ). However, the opposite effect

ay happen as well, for example, if the herders move the en-

ire herd away from an area to avoid conflict, it may lead to re-

uced use of areas near infrastructure. Whatever reason for rein- 

eer habitat use, new infrastructure and land use conflicts affect 

ami reindeer pastoralism ( Johnsen, 2016 ), with herding activi- 

ies in response to human disturbances being part of the picture.

his emphasizes the importance of including herders’ experiences 

hen interpreting results from habitat analyses on semidomesti- 

ated reindeer. 

ncertainties, further research, and conclusions 

Migratory behavior, large population ranges, and herding prac- 

ice involving cyclic difference in the use of certain grazing areas
c 2024
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Downloade
Terms of U
omplicate studying the effects of infrastructure on habitat selec-

ion of semidomesticated reindeer. Flydal et al. (2019) discussed

he importance of before-after study designs, including long time

eries of sampling. Our study shows how large yearly and seasonal

ariation in habitat selection can appear, independent of the WF

nd other factors controlled for in the analyses. Only 1 (summer)

r 2 yr (spring and autumn) of data from before construction of

he WF may in general lead to unbalanced results. For example,

uring spring, a wave of greener vegetation gradually extends into

igher altitudes of mountain landscapes, affecting reindeer habitat

election ( Skogland, 1984 ; Fryxell and Avgar, 2012 ; Iversen et al.,

014 ; Rivrud et al., 2018 ). In our study, the onset and progress of

he spring green-up varied between years and were related to dif-

erences in habitat use. However, even if NDVI is included in the

odels, increasing our understanding of spring greening on selec-

ion patterns, we could not control for effects of yearly variation

n onset of spring at the landscape scale. Such variation relates

o availability of green pasture throughout the landscape, affect-

ng when the animals arrive in the seasonal pasture, as well as

andscape connectivity and movements between areas within the

easonal pasture. The implications of this are highly relevant when

esting habitat use relative to a single stationary object (e.g., a WF)

ithin a larger landscape. Our results differ from some studies on

Fs (e.g., Colman et al., 2013 ; Tsegaye et al., 2017 ), but in sup-

ort of others (e.g., Skarin and Alam, 2017 ). In short, we lack a

lear understanding of why reindeer seemingly behave differently

n different study sites, as well as among years within the same

tudy sites. To understand this better, future studies should also

nvestigate the mechanisms behind the behavioral changes docu-

ented, including both positive and negative changes. In that light,

e are currently working on an extension of this study through

024. Lessons learned from herders’ traditional knowledge are be-

ng implemented in planning of the study design, and we will fo-

us more on specific mechanisms of WF effects on reindeer be-

avior. These include visual effects of turbines and how this may

hange between years depending on dominant weather type, along

ith habitat connectivity and temporal variation in herding activ-

ty, pasture availability, and insect harassment. These aspects will

e crucial in further analyses of both existing and future GPS data

rom the Raggonjarga Reindeer District, as well as other reindeer

istricts with existing or new WFs throughout Scandinavia. 

mplications 

Although some contradicting results were found, it should be

nderlined that the avoidance distances we documented partly

onfirmed herders’ experiences, suggesting decreased grazing pres-

ure as far as 10 km from this WF. Such distant effects have sel-

om been documented in previous studies on infrastructure and

angifer based on GPS-data analyses (e.g., Johnson and Russell,

014 ; Plante et al., 2018 ). Plante et al. (2018) reported a cumula-

ive habitat loss of 30% of seasonal ranges but suggested further

esearch to confirm whether this could translate into population

ecline of the investigated caribou herds. However, our analyses

nd information from herders also suggest that there are large dif-

erences in effects between seasons and in relation to actual causes

o potential effects (changes in migration pattern vs. avoidance). An

mportant conclusion is also that possible negative effects may in

ome cases be mitigated by increased herding activities. This de-

ends on resources within the affected reindeer district, weather

onditions during the period with negative effects, and access to

he areas. 

Through cooperation and communication with local herders, we

ere able to integrate local knowledge with GPS results for rein-

eer habitat use. These two sources combined gave us a more

olistic understanding of the reindeers’ habitat use toward the WF,
d From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 02 Dec 20
se: https://bioone.org/terms-of-use
upporting the need for both sources of data used in combination.

o better understand and improve land management for multiple

ser groups, more cooperative, multiscale, multiyear, and before-

uring-after studies are necessary. However, since land use con-

icts could affect peoples’ experiences and views, GPS monitoring

f reindeer is of major importance as a means of gaining objective

nowledge. 
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