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Abstract

To meet the expanding land use required for wind energy development, a better
understanding of the effects on terrestrial animals’ responses to such
development is required. Using GPS-data from 50 freely ranging female reindeer
(Rangifer tarandus) in the Malå reindeer herding community, Sweden, we
determined reindeer calving sites and estimated reindeer habitat selection using
resource selection functions (RSF). RSFs were estimated at both second-
(selection of home range) and third-order (selection within home range) scale in
relation to environmental variables, wind farm (WF) development phase (before
construction, construction, and operation), distance to the WFs and at the
second-order scale whether the wind turbines were in or out of sight of the
reindeer. We found that the distance between reindeer calving site and WFs
increased during the operation phase, compared to before construction. At both
scales of selection, we found a signi_cant decrease in habitat selection of areas
in proximity of the WFs, in the same comparison. The results also revealed a shift
in home range selection away from habitats where wind turbines became visible
toward habitats where the wind turbines were obscured by topography (increase
in use by 79% at 5 km). We interpret the reindeer shift in home range selection as
an effect of the wind turbines per se. Using topography and land cover
information together with the positions of wind turbines could therefore help
identify sensitive habitats for reindeer and improve the planning and placement
of WFs. In addition, we found that operation phase of these WFs had a stronger
adverse impact on reindeer habitat selection than the construction phase. Thus,
the continuous running of the wind turbines making a sound both day and night
seemed to have disturbed the reindeer more than the sudden sounds and
increased human activity during construction work.
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Abstract

Tom eet the expanding l and use required for win d energy develop ment, a better

understandingoftheeffectsonterrestrialanimals’responsestosuchdevelopment

 isrequired.UsingGPS- datafrom50freelyrangingfemalereindeer(Rangifer taran-

dus)intheMalåreindeerherdingcommunity,Sweden,wedeterminedreindeer calv-

ingsitesandestimatedreindeerhabitatselectionusingresourceselectionfunctions

(RSF).RSFswereestimatedatbothsecond-(selectionofhomerange)andthird-order

(selectionwithinhomerange)scaleinrelationtoenvironmentalvariables,windfarm

(WF) development phase (before construction, construction, and operation), dis-

tancetotheWFsandatthesecond-orderscalewhetherthewindturbineswereinor

outofsightofthereindeer.Wefoundthatthedistancebetweenreindeercalvingsite

andWFsincreasedduringtheoperationphase,comparedtobeforeconstruction.At

bothscalesofselection,wefoundasignificantdecreaseinhabitatselectionofareas

inproximityoftheWFs,inthesamecomparison.Theresultsalsorevealedashiftin

      homerangeselectionawayfromhabitatswherewindturbinesbecamevisibleto-

wardhabitatswherethewindturbineswereobscuredbytopography(increaseinuse

by79%at5km).Weinterpretthereindeershiftinhomerangeselectionasaneffect

 ofthewindturbinesperse.Usingtopographyand landcoverinformationtogether

   withthepositionsofwindturbinescouldthereforehelp identifysensitivehabitats

forreindeerand improvetheplanningandplacementofWFs.Inaddition,wefound

thatoperationphaseoftheseWFshadastrongeradverseimpactonreindeerhabitat

selectionthantheconstructionphase.Thus,thecontinuousrunningofthewindtur-

             binesmaking asoundboth dayandnight seemedto havedisturbed thereindeer

more than the sudden sounds and increased human activity during construction

work.
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... Artiodactyla (e.g. European roe deer (Capreolus capreolus) Łopucki et al., 2017and reindeer Skarin et al., 2015, Skarin
and Alam, 2017 , Skarin et al., 2018 ) was affected by WPP construction and operation, while one study detected no
differences in reindeer density before, during and after WPP construction (Tsegaye et al., 2017). ...

... Studies in Scandinavia addressed movement behavior and habitat selection of reindeer before and during
construction of WPP (Sweden: Skarin et al., 2015), and after wind turbines became operational (Sweden: Skarin and
Alam, 2017; Skarin et al., 2018; Norway: Tsegaye et al., 2017). Distances between reindeer calving sites and operational
WPP sites increase (Skarin et al., 2018). ...

... Studies in Scandinavia addressed movement behavior and habitat selection of reindeer before and during
construction of WPP (Sweden: Skarin et al., 2015), and after wind turbines became operational (Sweden: Skarin and
Alam, 2017;Skarin et al., 2018;Norway: Tsegaye et al., 2017). Distances between reindeer calving sites and operational
WPP sites increase (Skarin et al., 2018) . Sound and sight of wind turbines might disturb females during the sensitive
period of parturition (Skarin et al., 2018). ...

View Show abstract

... While several studies focus on effects of WPP on wildlife behaviour in mat, open landscapes with low amounts of
vegetation (Hoover and Morrison 2005;Millon et al. 2015;Smith et al. 2020), large knowledge gaps remain for forested
areas, although there is an expanding pressure on these habitats (Bunzel et al. 2019). However, some rare studies
provided evidence, that the movement of rotating turbine blades yielded behavioural effects on forest-dwelling wildlife
species (Coppes et al. 2019; Skarin et al. 2018) . Movement of rotor blades in the view of animals' vision might trigger an
anti-predator response, as prey animals react to movement in their sight (Heesy 2004). ...

... As a consequence, animals avoid such objects to reduce the risk of predation. Thus, home ranges of freely ranging
female reindeers shifted after WPP construction and switched to areas where wind turbines were "out of sight" (Skarin
et al. 2018) . Thereby, "out of sight" was de_ned based on topography at a target height of 110 cm above ground,
including information on vegetation coverage. ...

... open vs. dense canopy cover and tree height) is likely to affect from where a WPP is visible or not. Approaches
accounting for such woodland characteristics were only scarcely published yet (Skarin et al. 2018)  or are entirely
missing in such visual impact assessments. However, to obtain reliable estimates of visual cues of WPP on forest-or
ground-dwelling animals, it is crucial to determine an accurate assessment of the visibility of rotating turbine blades
within woodlands. ...

View Show abstract

... During the operation phase, both avoidance and lack of inmuence of wind farms on reindeer have been reported
(Skarin & Alam 2017;Tsegaye et al., 2017). In a paper summarizing multiyear research on different phases of wind farm
development (before construction, construction, and operation), Skarin et al. (2018)  showed a shift in home range
selection by reindeer as an effect of the presence of wind turbines. They also found that the operation phase of the
studied wind farms had a stronger adverse impact on reindeer habitat selection than the construction phase. ...

... This is related to the fact that insutcient attention is paid to the inmuence of such factors as the size of the wind
farm. Typical work on the response of terrestrial animal was done on one or at most several (usually similar) wind farms
(Walter et al., 2006;Skarin et al., 2015;Taylor et al., 2016;Łopucki et al., 2017;Skarin & Alam, 2017;Tsegaye et al.,
2017; Skarin et al., 2018)  and the farm size factor was not analyzed. Our research shows that if only smaller wind farms
had been selected in our study design, the result would have been "no effect on deer stress response". ...

... Moreover, taking into account literature data (e.g. Skarin et al., 2018) , it can also be pointed out that when designing
the spatial arrangement of turbines, attention should be paid to leaving convenient habitats in the vicinity of the farm to
enable the habitat shift of ungulates. The wind farm size indicated by us (824 ha or 18 turbines) cannot be treated
literally, but as an approximate value. ...

View Show abstract

... A spectacular example is the way in which the formerly contiguous range of wild reindeer in Norway has been
fragmented by infrastructure to such an extent that the animals are now managed as 23 independent populations
(Andersen and Hustad, 2004;Panzacchi et al., 2013a). Avoidance and barrier effects (i.e., hindrance to passage) in
Rangifer have been documented at roads (Cameron et al., 1992;Cameron, 1996, 1998;Beyer et al., 2016;Plante et al.,
2018;Serrouya et al., 2020), power lines (Tyler et al., 2016), pipelines, seismic trails, oil well and mining sites (Nellemann
and Cameron, 1996;Polfus et al., 2011;Johnson and Russell, 2014;Johnson et al., 2015;MacNearney et al., 2016), dams
and hydroelectric development (Mahoney and Schaefer, 2002;Nellemann et al., 2003), wind turbines (Skarin et al.,
2015 (Skarin et al., , 2018 Skarin and Alam, 2017), hut resorts, ski trails, paths (Helle and Särkelä, 1993;Nellemann et al.,
2000Nellemann et al., , 2001Anttonen et al., 2011;Helle et al., 2012;Lemerises et al., 2018;Gundersen et al., 2019) and at
forestry sites (Schaefer, 2003;Anttonen et al., 2011;MacNearney et al., 2016;Fryxell et al., 2020; for reviews see Wolfe et
al., 2000;Skarin and Åhman, 2014). Avoidance is a graded response. ...

... The strength of expression of the behavior varies with the type of infrastructure and with the ecological setting of
each encounter. Thus, levels of avoidance vary with age, sex and life-phase (e.g., migration, postcalving, over-wintering),
and hence with the animals' imperative to stay or to move, and also with the proximity of other stimuli including other
types of infrastructure, human activity and predators (Wolfe et al., 2000;Fortin et al., 2013;Panzacchi et al., 2013a;Skarin
and Åhman, 2014;Wilson et al., 2016;Plante et al., 2018; Skarin et al., 2018) . Forestry practices, including the creation of
logging roads, cuttings and transitional forests, encourage predators (e.g., wolves Canis lupus) which in turn provoke
avoidance (Leech et al., 2017;Mumma et al., 2018) and even the abandonment of parts of the animals' former range
(Schaefer, 2003;Anttonen et al., 2011;Fortin et al., 2015;Rudolph et al., 2017). ...

View Show abstract

... Mining excludes other types of land use and causes irreparable damage to nature and landscape values. Wind power
causes disturbance to landscape values, biodiversity [50,64], and on other land use, including, in particular, reindeer
husbandry [65] , but, in comparison with mining, it does allow some other land-use interests to co-exist. ...

... Mining excludes other types of land use and causes irreparable damage to nature and landscape values. Wind power
causes disturbance to landscape values, biodiversity [50,64], and on other land use, including, in particular, reindeer
husbandry [65] , but, in comparison with mining, it does allow some other land-use interests to co-exist. Figure 6. ...

View Show abstract

... In the CAH, this anti-predator behavior evidently results in avoidance of areas near active roads and pads during
calving despite decades of exposure to oil_elds and a lack of hunting from oil_eld roads (Dau and Cameron 1986,
Cameron et al. 1992, Lawhead et al. 2004. Calving reindeer have also been reported to avoid areas near wind turbines,
with higher levels of displacement occurring in areas where the movement of turbines was visible, suggesting that
displacement behavior was associated with movement of infrastructure (Skarin et al. 2018) . ...

View Show abstract

... Various human activities and infrastructures affect the behavior, movement, and habitat selection of wild and
semidomesticated reindeer and caribou; for example, by increasing movement speed and distance traveled, by
preventing animals from visiting high-quality pastures, or by increasing the time spent in vigilance behavior or traveling,
which may decrease feeding time Skarin and Åhman 2014). Among those activities and infrastructures, we _nd tourism
and hunting (e.g., Reimers et al. 2009;Skarin et al. 2010;Wilson and Wilmshurst 2019), vehicle tratc, helicopters and
aircraft (Harrington 2003;Reimers and Colman 2006), and drill sites, mines, dams, and various kinds of power plants
(e.g., Fancy 1983;Murphy and Curatolo 1987;Panzacchi et al. 2013;Skarin et al. 2015; Skarin, Sandström, and Alam
2018) . Most studies so far have addressed only the short-term effects of those activities and infrastructures on reindeer
behavior, but some have demonstrated that their impact goes beyond movement and habitat selection, affecting
reproduction rates and calf survival (Luick et al. 1996;. ...
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applying collabor ... [more]
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Habitat Selection in the Eurasian Red Squirrel,
Sciurus vulgaris, in Relation to Forest
Fragmentatio...
May 1994 · Oikos

Annika Delin · [...] · Henrik Andrén

A population of Eurasian red squirrels (Sciurus vulgaris) in south-
central Sweden showed a strong preference for forest older than
35 years and with more than 25% Norway spruce (Picea abies).
This preferred habitat constituted 24% of the study area. The
proportion of avoided habitats was 30%, and the remaining 46%
could be described as used but not preferred habitats. Given
these proportions, the ... [Show full abstract]
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Article Full-text available

Assessing the role of large herbivores in the
structuring and functioning of freshwater and
marine a...
August 2015 · Ecography

Elisabeth S Bakker · Jordi F Pagès · Rohan
Arthur · Teresa Alcoverro

While large herbivores can have strong impacts on terrestrial
ecosystems, much less is known of their role in aquatic systems.
We reviewed the literature to determine: (1) which large
herbivores (>10 kg) have a (semi-)aquatic lifestyle and are
important consumers of submerged vascular plants, (2) their
impact on submerged plant abundance and species composition
and (3) their ecosystem ... [Show full abstract]
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Latitude Eco...
June 2014 · PLoS ONE

Marianne Iversen · Per Fauchald · Knut
Langeland · [...] · Kari Anne Bråthen

The spatial and temporal distribution of forage quality is among
the most central factors affecting herbivore habitat selection.
Yet, for high latitude areas, forage quantity has been found to be
more important than quality. Studies on large ungulate foraging
patterns are faced with methodological challenges in both
assessing animal movements at the scale of forage distribution,
and in assessing ... [Show full abstract]
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How Predictability of Feeding Patches Affects
Home Range and Foraging Habitat Selection in
Avian Soc...
January 2013 · PLoS ONE

Sophie Monsarrat · Simon Benhamou · François
Sarrazin · [...] · Olivier Duriez

Feeding stations are commonly used to sustain conservation
programs of scavengers but their impact on behaviour is still
debated. They increase the temporal and spatial predictability of
food resources while scavengers have supposedly evolved to
search for unpredictable resources. In the Grands Causses
(France), a reintroduced population of Griffon vultures Gyps
fulvus can _nd carcasses at three ... [Show full abstract]
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