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 EFFECTS OF INFRASTRUCTURE ON MIGRATION AND RANGE USE

 OF WILD REINDEER

 INGUNN VISTNES,1 Department of Ecology and Natural Resource Management, Agricultural University of Norway, P.O. Box
 5003, N-1432 As, Norway

 CHRISTIAN NELLEMANN,2 Norwegian Institute for Nature Research, Pressesenteret, Storhove, N-2624 Lillehammer, Norway
 PER JORDHOY, Norwegian Institute for Nature Research, Tungasletta 2, N-7005 Trondheim, Norway
 OLAV STRAND, Norwegian Institute for Nature Research, Tungasletta 2, N-7005 Trondheim, Norway

 Abstract: We studied reindeer (Rangifer tarandus tarandus) distribution in relation to possible travel barriers (roads
 and power lines) in south-central Norway, 1997-2000, using lichen biomass as an indicator of reindeer use. We
 recorded lichen cover on both sides of potential barriers within comparable habitat in 42 sites for 3 different rein-
 deer herds. We used cover-biomass regressions to assess the relationship between lichen cover and biomass. In 2
 of the regions, lichen biomass was 5.3 times and 2.8 times higher in areas isolated by 2 parallel power lines and an
 adjacent winter-closed road compared to biomass on the other side of the potential barrier. In a third region,
 lichen biomass did not vary significantly between areas on either side of a single winter-closed road. Lichen bio-
 mass data suggested that wild reindeer used both sides of a closed road in winter, whereas 2 parallel power lines
 and a winter-closed road in combination reduced reindeer migration and resulted in very different grazing pres-
 sures on either side of the power lines, even 30 years after the power lines were constructed. Construction of power
 lines, and particularly parallel power lines, should thus be avoided in wild reindeer habitat. Fragmentation of wild
 reindeer ranges in Norway results in a substantial reduction in available ranges and traditional migration routes
 between important seasonal ranges, with a likely overall reduction in carrying capacity.

 JOURNAL OF WILDLIFE MANAGEMENT 68(1):101-108

 Key words: barrier, disturbance, fragmentation, grazing, hydropower, migration, Norway, power line, Rangifer, rein-
 deer, ungulate.

 Humans have hunted wild reindeer in the

 mountain areas of south-central Norway since the
 last ice age. Extensive findings of stone-age pitfall
 traps, bow stands, and stone fences have been
 used to map historic habitats and migration
 routes of wild reindeer and document a formerly
 large and continuous wild reindeer habitat across
 the mountain range of southern Norway (Barth
 1996, Jordh0y 2001). Traditional reindeer migra-
 tion routes are also documented through local
 written and oral history (Jordhoy 2001).
 From 1900 to present, the original continuous

 habitat of the wild reindeer has been fragmented
 by infrastructure such as railroads, roads, hydro-
 power development, and power lines (Nelle-
 mann et al. 2001a,b). Infrastructure was first
 developed in the forested valleys, but in later
 decades has also been located in higher eleva-
 tions and in more remote mountain areas. Nor-

 wegian wild reindeer are now managed within 26
 regions with little or no exchange between
 regional groups (Nellemann et al. 2001 b).

 Barrier effects of infrastructure have been

 described for several species (Forman and

 Alexander 1998), including black bears (Ursus
 americanus; Brody and Pelton 1989), bobcats
 (Lynx rufus; Lovallo and Anderson 1996), and
 orange tip butterflies (Anthocharis cardamines;,
 Dennis 1992). The barriers, although physically
 possible to cross, were crossed less frequently
 than expected, and crossing success varied with
 traffic volume along the barrier (Brody and Pel-
 ton 1989, Lovallo and Anderson 1996). Several
 studies have focused on Rangifer behavior and
 crossing success related to infrastructure possibly
 perceived as a barrier (Smith and Cameron 1983,
 Curatolo and Murphy 1986, Dyer et al. 2002).

 Whereas behavioral studies of individual rein-

 deer may underestimate long-term effects of infra-
 structure (Cameron and Ver Hoef 1996, Bradshaw
 et al. 1998, Nellemann and Cameron 1998, Smith
 et al. 2000), changes in lichen biomass and lichen
 species composition can reflect long-term differ-
 ences in wild reindeer grazing patterns over short
 distances. Such changes have been documented
 with increasing distance to infrastructure, indi-
 cating a lower use of areas close to infrastructure
 compared to areas further away (Helle and
 Sirkeldi 1993; Nellemann et al. 2000, 2001b;r, Vistnes
 et al. 2001). No study has, however, examined pos-
 sible differences in vegetation caused by different
 grazing pressures on either side of a barrier.

 1 E-mail: ingunn@fifo.no
 2 Present address: UNEP Grid-Arendal, Longum

 Park, P.O. Box 706, N-4808 Arendal, Norway.
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 Fig. 1. Our study areas within Rondane, Snohetta, and Nord-Ottadalen wild reindeer ranges, Norway, 1997-2000.

 We examined lichen biomass and species com-
 position on either side of infrastructure that we
 suspected to be barriers to movements of 3 wild
 reindeer herds. We hypothesized that barrier
 effects would be manifested by significant differ-
 ences in lichen biomass within short distances on

 either side of suspected barriers, resulting from
 differences in reindeer grazing. We compared
 grazing pressure, reflected in lichen biomass and
 species composition on 42 sites, to reindeer den-
 sities measured across approximately a decade.
 The potential barriers that we studied consisted
 of (1) 2 power lines and a road in an alpine area,
 (2) 2 power lines and a road in an alpine valley,
 and (3) a single road in an alpine valley. None of
 the roads were open in winter.

 STUDY AREA

 We conducted our study in 3 neighboring wild
 reindeer regions in south-central Norway
 (62005'N, 9010'E): Snohetta, Nord-Ottadalen,
 and Rondane (Fig. 1). We studied reindeer win-
 ter grazing grounds above 1,000 m (which was
 above the treeline) and below 1,500 m. Alpine
 vegetation in these altitudes consisted of
 snowbed communities, moist and dry shrub
 heath (mainly willow [Salix spp.] and dwarf birch
 [Betula nana], shrubs, Cladina and Stereocaulon

 lichen), and exposed ridges (mainly Cetraria

 nivalis lichen and gravel). During late winter,
 available forage mainly was concentrated on
 exposed ridges due to deep snow elsewhere in
 this region. Annual precipitation ranged from
 500 to 1,500 mm, being highest in the west.
 Extensive archaeological data show that rein-

 deer used to traverse the entire area (Fig. 2; Skog-
 land 1986, Barth 1996, Jordhoy 2001). Fragmenta-
 tion of the area by infrastructure development in
 the first part of the twentieth century resulted in
 3 separate wild reindeer herds with little or no
 interaction (Jordhoy et al. 1997, Jordhoy 2001).
 The present reindeer of Nord-Ottadalen (2,000
 reindeer) differ genetically from the reindeer of
 Snohetta (2,000 reindeer) and Rondane (1,500
 reindeer; Reed 1986) because the Nord-Ottadalen
 herd originated from semi-domestic reindeer
 introduced to the region in 1840 (Molmen 1990).

 In the latter part of the twentieth century, all 3
 reindeer herds were subjected to further infra-
 structure development. In Rondane, the old
 Grimsdalen Valley road was improved several
 times after 1950 but was closed in winter and thus

 covered with snow. In Snohetta, migration
 between the eastern and western parts of the
 region ceased after damming Aursjoen and Tor-
 budalen lakes in 1954 accompanied by the con-
 struction of a winter-closed road and 2 power
 lines (132 kV power line in 1963, 300 kV power
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 Fig. 2. Stone-age pitfall traps, bow stands, and findings of arrows within SnQhetta wild reindeer range, Norway.

 line in 1973; Skogland 1986). The 2 parallel
 power lines in Snohetta cross into the northeast-
 ern corner of Nord-Ottadalen, accompanied by a
 road closed in winter.

 METHODS

 We randomly placed 42 (20 x 50 m) sites within
 2-5 km of suspected barriers, distributed on 21
 sites presumably accessible to grazing and 21 con-
 trols on the other side of the potential barriers.
 We gathered vegetation data during July 1997
 and December 1999 (Rondane) and February
 2000 (Snohetta and Nord-Ottadalen). Sites were
 located on exposed ridges in lichen heaths at alti-
 tudes between 1,000 and 1,500 m above sea level.

 No sites were placed <2 km from suspected barri-
 ers to avoid possible influence on grazing pressure
 caused by avoidance of power lines independent
 of lines serving as barriers to movements (Vistnes
 and Nellemann 2001, Nellemann et al. 2001b). In
 all 3 study regions, we randomly selected 7 sites
 on the side of the potential barrier presumed
 available to grazing and 7 control sites on the
 other side within a 10-km stretch available for

 crossing. We randomly selected locations for each
 site from a 100 x 100-m grid. In Rondane, where
 parts of our fieldwork was conducted in summer,
 sites were first marked in March 1996 to relocate

 exposed ridges available in winter.

 At each site, we measured vegetation character-
 istics within 5 randomly located 1 x 1-m plots. We
 measured site elevations from 1:50,000-scaled

 maps with a contour interval of 20 m. We removed
 snow from the sites, ensuring that few vegetation
 fragments were removed. We recorded vegetation
 cover of dominant lichen species (Cetraria nivalis,
 Alectoria ochroleuca, Cladina alpestris) by counting
 the number of 10 x 10-cm cells with >50% cover

 from 100 cells in a 1 x 1-m vegetation frame
 (Wratten and Fry 1980, Nellemann and Thomsen
 1994). These lichens are reindeer winter forage
 (Staaland and Saeb0 1993, Nellemann et al.
 2000). We allocated the average height of lichen
 to class 1 (0-1.5 cm), 2 (1.5-3.0 cm), or 3 (>3.0
 cm) by measuring lichen height in 5 random
 points within the quadrat according to Nelle-
 mann et al. (2000). We calculated means from
 the 5 plots within each site. We used cover-bio-
 mass regressions for different lichen heights
 from Rondane (Nellemann et al. 2000) to assess
 relationships between lichen cover and biomass.

 We conducted snow measurements in the same

 42 sites used for vegetation analysis (Feb 2000 for
 Snohetta and Nord-Ottadalen, Mar 1996 for Ron-

 dane). We recorded snow depth and hardness for
 each plot using a ramsonde penetrometer (Skog-
 land 1978, Nellemann et al. 2000). We calculated

 hardness (Hr) using the following equation: Hr =
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 (Ph x hhd X nhd) d-' + Q, where Ph is the mass of the
 load (g), hhd is the height of the hammer drop
 (cm), nhd is the number of hammer drops, d is
 the penetration into the snow cover (cm), and Q
 is the total mass of the ramsonde. We calculated

 an integrated ram hardness index (IRH) to derive
 a better measure of forage availability (Tucker et
 al. 1991, Vistnes et al. 2001), where IRH= Hr x d.
 We estimated reindeer density by systematic fixed-

 wing or ground surveys in winter following con-
 tiguous 4-km-wide transects oriented north-south.
 We used fixed-wing surveys in Nord-Ottadalen
 and Snohetta, while we studied reindeer in Ron-

 dane with ground surveys following approximate-
 ly the same method as for fixed-wing surveys
 (ordhoy 1998, Nellemann et al. 2000). We pho-
 tographed all groups of reindeer observed and
 located them using Global Positioning Systems or
 topographic maps. The number of reindeer was
 later determined from the photographs scaled to
 generally cover <100 x 100 m of the ground. Only
 reindeer observations 2-5 km from a suggested
 barrier and >4 km from other infrastructure (roads
 open in winter, permanent settlements, power
 lines >66 kV) were included. To avoid including
 years when reindeer would graze in a completely
 different part of the range, only years when rein-
 deer were present within 5 km of the barrier were
 included. These years included: for Rondane,
 March-April 1987-1997; for Snohetta, Febru-
 ary-March 1975-1977, 1979-1981, 1983, 1985, and
 1987, April 1989-1990, March 1994 and 1996, and
 February 2000; and for Nord-Ottadalen, February
 1974, March 1975, April 1976, March 1977 and
 1979-1980, and February 1983 and 1985.
 For reindeer density calculations, we divided

 areas 2-5 km from the barrier and >4 km from

 other infrastructure into 1 x 1-km quadrats on
 1:50,000 topographic maps. To avoid bias from
 including low-lying areas with deep snow unavail-

 able for grazing or barren high-altitude areas
 with little or no forage, we excluded quadrats
 with >50% coverage of areas below the treeline or
 >1,500 m above sea level (Nellemann et al. 2001 b).
 We calculated reindeer densities in quadrats 2-5
 km from suspected barriers, above treeline and
 <1,500 m above sea level as means of yearly means.

 As an additional measure of lichen cover, we

 used a vegetation map based on a satellite image
 from LANDSAT-5/TM from 23June 1986. Spectral
 information from the satellite image was com-
 pared and combined with local ground surveys of
 vegetation types and information from topograph-
 ical maps to create the vegetation map (Johansen
 and Karlsen 2000). We compared areas classified
 as lichen cover in equal-sized areas 0-15 km from
 both sides of the potential barriers (Fig. 1). Other
 vegetation types generally are covered with snow
 and are not available for grazing in late winter.
 We performed statistical analyses in Sigmastat

 (Kuo et al. 1992). All data were subject to a Kol-
 mogorov-Smirnov test of normality before test-
 ing. Comparisons of lichen cover and of average
 altitude on either side of a potential barrier were
 assessed using the t-test. We compared snow data,
 lichen biomass, and percent bare ground between
 the 2 sides of the barrier using the t-test or the
 Mann-Whitney rank sum test, depending on
 whether data passed or failed the normality test.
 We also used the Mann-Whitney rank sum test to
 assess differences in reindeer densities between

 sides of barriers. In all cases, P-values <0.05 were
 considered statistically significant.

 RESULTS

 In Nord-Ottadalen, lichen biomass was 5.3

 times higher in areas east of 2 power lines and a
 winter-closed road compared to the west side
 (1,235 ? 82 vs. 233 ? 32 g dry matter/m2, P <
 0.001; Table 1). In Snohetta, available lichen bio-

 Table 1. Biomass of lichens (Wf ? SE) and percent nonvegetated ground in areas 2-5 km on either side of roads or power lines (n
 = 42) in Rondane, Snohetta, and Nord-Ottadalen wild reindeer regions, south-central Norway, 1997 and 2000. Biomass estimates
 were derived from linear regressions of lichen cover and biomass. Asterisks represent a significant difference within the same
 row and region (P < 0.05; based on t-test or Mann-Whitney rank sum test).

 Rondane Snohetta Nord-Ottadalen
 North South East West East West

 Biomass (g dry matter/m2)

 All lichens 373 ? 94 280 ? 50 300 ? 44 847 ? 77* 1,235 ? 82 233 ? 32*
 Cetraria nivalis 260 ? 62 161 ? 33 263 ? 37 687 ? 61* 800 ? 72 171 ? 26*
 Alectoria ochroleuca 85 ? 36 50 ? 16 24 ?9 442 ? 96* 733 ? 105 50 ? 21*
 Cladina alpestris 0 24 ? 14 0 2 ? 2 36 ? 17 0*
 Nonvegetated ground

 (% cover) 37 ? 7 0* 36 ? 7 8 ? 2* 2 ? 1 42 ? 5*
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 Table 2. Density of reindeer per year (j ? SE) in areas 2-5 km from suspected barriers and >4 km from other infrastructure (road,
 power line, or railroad) in Rondane, Snahetta, and Nord-Ottadalen wild reindeer regions, south-central Norway, 1974-2000. Only
 years when reindeer were present on 21 side of the barrier were included.

 Rondane Snehetta Nord-Ottadalen
 North South P-value East West P-value East West P-value

 Reindeer/km2/yr 2.3 ? 1.1 8.2 ? 2.1 0.003 1.9 ? 0.7 0.4 ? 0.2 0.208 0.9 ? 0.6 5.0 ? 1.5 0.040
 Years 11 11 8 8 8 8

 Area (km2) 112 92 52 71 40 49
 Average no.
 reindeer/yr 259 750 99 31 34 245

 mass was 2.8 times higher in areas west of 2 par-
 allel power lines and a winter-closed road com-
 pared to the east side (847 + 77 vs. 300 + 44 g dry
 matter/m2, P < 0.001; Table 1). Lichen biomass
 did not differ significantly, however, between
 areas north and south of a winter-closed road in

 Rondane (373 ? 94 vs. 280 ? 50 g dry matter/m2,
 P = 0.40; Table 1). The satellite image corre-
 sponded to the biomass inventory, revealing that
 the areas isolated by power lines had more forage
 than those that were used by reindeer.
 In Nord-Ottadalen, the satellite image con-

 firmed that the areas east of the 2 parallel power
 lines had greater cover of lichen heath compared
 to the western side (16 vs. 6% of the total vegeta-
 tion cover, respectively). In Snohetta, a similar
 pattern was observed. The areas west of the 2 par-
 allel power lines, where biomass indicated sub-
 stantially lower use, had greater cover of lichen
 heath than the eastern part (4 vs. 2%, respectively).
 Hence, in both cases, the areas cut off by power
 lines had great cover of lichen heath, indicating
 low use. In Rondane, cover of lichen heath was
 on average extensive, with the greatest extent south
 of the winter-closed road (22 vs. 12%, respectively).

 Density of reindeer was significantly lower in
 the area isolated by power lines compared to the
 area 2-5 km west of the 2 power lines and the
 snow-covered road in Nord-Ottadalen (0.9 ? 0.6
 vs. 5.0 ? 1.5 reindeer/km2/yr; P= 0.040; Table 2).
 This was also the case north and south of the win-

 ter-closed road in Rondane (2.3 ? 1.1 vs. 8.2 ? 2.1
 reindeer/km2/yr; P = 0.003). Reindeer densities
 were not different between areas 2-5 km east and

 west of the 2 power lines and the winter-closed
 road in Snohetta (1.9 ? 0.7 vs. 0.4 ? 0.2 rein-
 deer/km2/yr; P= 0.208; Table 2).
 Average altitude, snow depths, snow hardness,

 and IRH did not vary significantly when compar-
 ing the 2 sides of each suggested barrier (Table 3).
 The only exception was a significant difference in
 snow hardness between areas north and south of

 the suggested barrier in Rondane (6.3 + 0.5 vs. 18.7
 ? 4.6 kg, P= 0.03). Snow depths on exposed ridges
 available for grazing varied between 3 and 5 cm,
 which are shallow depths and do not pose prob-
 lems for reindeer (Helle 1984, Nellemann 1996).

 DISCUSSION

 Development of infrastructure in our study
 area reflects 90 years of fragmentation of wild
 reindeer habitat (Nellemann et al. 2001 b). Differ-
 ences in lichen biomass, reflecting relative graz-
 ing intensity, clearly suggested that the combina-
 tion of 2 parallel power lines and a winter-closed
 road in Snohetta and Nord-Ottadalen greatly
 reduced wild reindeer migration across the infra-
 structure, a result supported by telemetry studies
 (Skogland 1986). Apparently, the single road
 closed in winter without power lines in Rondane
 was not perceived as a barrier by reindeer. Simi-
 larly in Alaska, caribou (R t. granti) more readily

 Table 3. Average altitude and snow conditions (,i ? SE) for 42 sites 2-5 km from infrastructure in Rondane, Snehetta, and Nord- Ottadalen wild reindeer regions, south-central Norway, March 1996 and February 2000. Asterisks represent a significant differ-
 ence within the same row and region (P < 0.05; based on t-test or Mann-Whitney rank sum test).

 Rondane Snohetta Nord-Ottadalen
 North South East West East West

 Altitude (m) 1,399 ? 89 1,397 ? 89 1,294 ? 51 1,310 ? 39 1,271 ? 22 1,350 ? 37
 Snow depth (cm) 4.9 ? 0.8 3.9 ? 1.3 3.7 ? 0.3 4.6 ? 0.6 4.7 ? 0.4 3.9 ? 0.5
 Ram hardness (kg) 6.3 + 0.5 18.7 ? 4.6* 7.0 ? 0.5 6.8 ? 0.5 7.5 ? 0.6 8.1 ? 1.1
 Integrated ram hardness 30.4 ? 5.0 94.6 ? 40.2 26.3 ? 3.3 31.5 ? 4.4 33.9 ? 2.0 30.7 ? 4.6
 No. sites 7 7 7 7 7 7
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 crossed a single road or a pipeline than a road
 and a pipeline in combination (Curatolo and
 Murphy 1986), although single roads also have
 been found to act as semipermeable barriers to
 woodland caribou (R. t. caribou; Dyer et al. 2002).
 Oilfields consisting of buildings, pipelines, and
 roads in combination also have been reported as
 barriers to caribou in Alaska (Cameron et al.
 1995), although caribou in Alaska apparently
 cross such features more easily than do wild rein-
 deer in Europe (Curatolo and Murphy 1986).

 Investigations demonstrated that snow condi-
 tions and altitude could not explain the different
 amounts of lichen biomass on either side of the

 suggested barriers. Other natural explanations of
 different grazing pressures could be different
 predator densities or differences in climate; how-
 ever, such factors are unlikely to vary much with-
 in short distances of 5-10 km, as the same alti-

 tudes and types of terrain were present.
 Furthermore, the presence of predators-in this
 case wolverine (Gulo gulo)-generally is highest
 in interior parts of the ranges where risk of
 human hunting is lower (Taugbol et al. 2001).

 In Nord-Ottadalen and Snohetta, both ground
 surveys of lichen biomass (Table 1) and the satel-
 lite image of lichen cover indicated that the 2
 power lines and winter-closed road excluded the
 eastern winter range segments of Nord-Ottadalen
 and the western winter range segments of
 Snohetta from reindeer migration. The 1997 and
 2000 field data confirmed the results from the

 1986 satellite image, indicating that the barrier
 effect had not changed in Nord-Ottadalen and
 Snohetta even 30 years after the power lines were
 constructed, and that the low use of segments of
 the winter ranges could not be explained by the
 lack of forage. The presence of Cladina alpestris
 and the high percentage of Alectoria ochroleuca
 (Table 1) also reflected low grazing pressure in
 areas cut off by infrastructure (Nellemann et al.
 2000). In Nord-Ottadalen, these results also were
 confirmed by aerial surveys of reindeer densities
 (Table 2). Surprisingly, in Snahetta, we did not
 observe significant differences between reindeer
 densities 2-5 km east and west of the barrier. This

 may be due to our small scale (including only
 areas 2-5 km from the barrier), as other studies
 of the entire Snahetta region have documented
 significant differences in reindeer densities
 between the east and the west (Skogland 1986,
 Jordhey 2001). As reindeer move frequently, the
 reindeer counts for such small areas do not

 reflect grazing density or population size, but

 rather the fact that both sides of the potential
 barriers were accessible to reindeer. While rein-

 deer were observed within 2-5 km of all potential
 barriers in the study areas, both the satellite image
 and ground biomass investigations confirmed that
 use of the control areas beyond the potential bar-
 riers was very low in Snohetta and Nord-Ottadalen.
 Rondane contained relatively high densities of

 reindeer and relatively good grazing conditions.
 Similar lichen biomass on either side of the Grims-

 dalen road corresponded to the frequently ob-
 served crossings of this road by reindeer in win-
 ter. Due to low precipitation in winter and large
 areas of lichen heath, Rondane is among the best
 winter ranges for wild reindeer in Norway (Skog-
 land 1983). Lichen heaths are common south of
 the Grimsdalen road and may explain why the
 area south of the road held high densities of rein-
 deer without significant deterioration of vegeta-
 tion, as substantiated by the presence of Cladina
 alpestris (Tables 1, 2). This favored lichen species
 is usually the first to disappear with grazing and
 trampling by reindeer (Nellemann et al. 2000).
 Reindeer could physically cross all suspected

 barriers and were observed within 5 km of the

 barriers throughout the study periods. Reindeer
 in east Snohetta and west Nord-Ottadalen should

 be highly motivated to cross the 2 power lines and
 the winter-closed road because of superior graz-
 ing conditions on the opposite side of the power
 lines. The failure of reindeer to cross suggests a
 potential psychological effect of danger associat-
 ed with man-made structures, as reindeer also

 avoid power lines in areas without roads or
 human presence (Vistnes and Nellemann 2001,
 Nellemann et al. 2001b). The reindeer consider
 this perceived danger a greater risk than the
 advantage of better forage. Man-made structures
 probably are associated with humans and a high
 risk of mortality (Frid and Dill 2002) because
 legal hunting is the primary cause of mortality for
 wild reindeer in Norway. Similar risk assessments
 have been observed in other parts of the circum-
 polar North, where parturient females graze in
 relatively predator-free environments (Bergerud
 and Page 1987, Barten et al. 2001), often at the
 cost of forage availability (Whitten and Cameron
 1980, Cameron et al. 1992). Animal responses to
 disturbance have been found to be comparable
 whether the stimuli has been human presence or
 actual predators (Walther 1969, Frid and Dill
 2002). Habituation to infrastructures has not
 been observed in our study area although the
 railway was constructed as early as 1921.
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 MANAGEMENT IMPLICATIONS

 Our results show that 2 parallel power lines and
 a winter-closed road in combination apparently
 functioned as a barrier to movements by wild
 reindeer, reducing reindeer migration across the
 power lines, whereas a single, winter-closed road
 was not a barrier. Given the results from this and

 earlier studies, we suggest that construction of
 infrastructure, including parallel power lines,
 should be avoided in wild reindeer habitat, espe-
 cially crossing migration routes or excluding seg-
 ments of ranges (Nellemann et al. 2003). Frag-
 mentation of ranges may lead to an overall
 reduction in carrying capacity and force reduc-
 tions in number of reindeer to avoid long-term,
 detrimental impacts of heavy grazing.
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