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1.0 Introduction

This list of peer-reviewed sources was compiled from internet keyword searches, and searches of 
referenced documents in found material. It does not purport to be exhaustive. The organization 
into subsections was based upon the main thrust of each article, but many of the papers deal to a 
lesser degree with other aspects. For example, some of the papers listed under “Roads” may 
mention power lines, and so on. 

The Summary for each citation is the Abstract (where available), and in some cases I have added 
extra notes on the content. 

The majority of these papers are publicly available in their entirety at no charge.



2.0 Annotated Bibliography

2.1 Caribou and Wind Turbines

1) Colman, Eftestøl, Tsegaye, Flydal, & Mysterud. 2012. Is a wind-power plant acting as a 
barrier for reindeer Rangifer tarandus tarandus movements? 

Citation: Colman, J. E., Eftestøl, S., Tsegaye, D., Flydal, K., & Mysterud, A. (2012). Is a wind-
power plant acting as a barrier for reindeer Rangifer tarandus tarandus movements? 
Wildlife Biology, 18(4), 439–445. https://doi.org/10.2981/11-116

URL: https://bioone.org/journals/wildlife-biology/volume-18/issue-4/11-116/Is-a-wind-power-
plant-acting-as-a-barrier-for/10.2981/11-116.full

Location: Norway Nordkinn Peninsula 
Herd: Semi-domesticated reindeer
Summary (Abstract): “Reindeer herdsmen and authorities in Scandinavia fear detrimental effects 
from wind-power plants (WPs) on movements and area use of reindeer Rangifer tarandus 
tarandus. We tested the extent to which a WP represented a behavioural barrier for reindeer 
movement by comparing two neighbouring areas: one peninsula with and one without a WP. 
Both peninsulas had a parallel road and a power line bisecting them in a north-south direction. 
Presence of a larger or similar number of reindeer on the outer western compared to the inner
eastern sections in both areas indicated no barrier effect from the WP. Furthermore, no clear 
barrier effects were found for reindeer movements during summer in the WP or neighbouring
area, as reindeer have continued to cross back and forth between the inner and outer sections of
the two areas. Contrary to our expectation, our finding contrasted with previous studies finding
 negative barrier effects from linear structures such as poFor spewer lines and roads, suggesting 
considerable variation in the extent to which infrastructure acts as barriers.” Authors noted (see 

https://link.springer.com/article/10.1007/s10344-012-0682-7)
that they had “predicted higher reindeer density in the control than the WP peninsula and at 
increasing distances from the WP when controlling for habitat quality. We found no avoidance 
effects from the WP, with significantly more reindeer  in the WP than the control peninsula. 
Faecal pellet group data supported a lack of negative effects towards the WP after construction 
compared to before, while area within 100 m from the access road to the WP was avoided during
the construction period and for 3 years afterwards. Reindeer avoided low-quality habitat both in 
the control and WP peninsulas. Our study indicates that WP development might have minor 
effects on habitat use if built in poor habitats, at least for semi-domestic reindeer. Our results 
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cannot be used to infer effects of a WP built in higher-quality habitats or where large-scale 
movements are less restrictive than on a peninsula. Disturbance effects of human infrastructure
likely are context-dependent, and management should thus be careful in planning of WPs to 
minimize adverse effects.

2) Colman, Eftestøl, Tsegaye, Flydal, & Mysterud. 2012. Summer distribution of semi-
domesticated reindeer relative to a new wind-power plant. 

Citation: Colman, J. E., Eftestøl, S., Tsegaye, D., Flydal, K., & Mysterud, A. (2012). Summer 
distribution of semi-domesticated reindeer relative to a new wind-power plant. European 
Journal of Wildlife Research, 59(3), 359–370. https://doi.org/10.1007/s10344-012-0682-7

URL: https://www.semanticscholar.org/paper/Summer-distribution-of-semi-domesticated-
reindeer-a-Colman-Eftest%C3%B8l/911df5204efa77b7a0741d5b48dc26ca77387d2d
Location: Norway Nordkinn Peninsula
Herd: semi-domesticated reindeer
Summary (Abstract): “Wind-power plants (WPs) within reindeer (Rangifer tarandus tarandus) habitat 
may have negative effects on reindeer habitat use. Avoidance effects towards a WP were tested by 
comparing reindeer distributions on a peninsula where a WP was built in 2006 with a control peninsula 
without a WP. Distributions were measured by direct observations during construction period, and in four 
subsequent years, and limited faecal pellet group counts along transects before, during and after the WP 
construction (2005–2010). We predicted higher reindeer density in the control than the WP peninsula and 
at increasing distances from the WP when controlling for habitat quality. We found no avoidance effects 
from the WP, with significantly more reindeer in the WP than the control peninsula. Faecal pellet group 
data supported a lack of negative effects towards the WP after construction compared to before, while 
area within 100 m from the access road to the WP was avoided during the construction period and for 3 
years afterwards. Reindeer avoided low-quality habitat both in the control and WP peninsulas. Our study 
indicates that WP development might have minor effects on habitat use if built in poor habitats, at least 
for semi-domestic reindeer. Our results cannot be used to infer effects of a WP built in higher-quality 
habitats or where large-scale movements are less restrictive than on a peninsula. Disturbance effects of 
human infrastructure likely are context-dependent, and management should thus be careful in planning of 
WPs to minimize adverse effects.”

3) Flydal, Eftestøl, Reimers, and Colman. 2004. Effects of wind turbines on area use 
and behaviour of semi-domestic reindeer in enclosures.

Citation: Flydal, K., Eftestøl, S., Reimers, E., & Colman, J. E. (2004). Effects of wind turbines 
on area use and behaviour of semi-domestic reindeer in enclosures. Rangifer, 24(2), 55–
66. https://doi.org/10.7557/2.24.2.301 

URL: https://septentrio.uit.no/index.php/rangifer/article/view/301
Location: Mid-Norway

https://www.semanticscholar.org/paper/S
https://www.semanticscholar.org/paper/S
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Herd: Semi-domesticated reindeer
Summary (Abstract): “In recent decades, industrial developments have expanded into reindeer
ranges in the arctic and adjacent higher latitudes in search for energy, minerals, timber and other
resources. Several wind turbine parks are under planning in reindeer ranges in Norway, and 
there is concern about possible negative effects on behaviour and area use of wild and semi-
domestic reindeer. We tested whether a wind turbine and its rotor movement had any effect on
area use, activity changes, vigilance bouts, and restless behaviour like running, walking, and 
standing for enclosed semi-domestic reindeer. Five different groups of reindeer in a 450 m long, 
8 hectare, enclosure close to a wind turbine were manipulated by turning the wind turbine rotor
on and off and compared with reindeer in a control enclosure without wind turbine exposure.
When exposed to rotor movement, two groups used locations farther from the wind turbine, two
groups showed no shift, while one group moved closer to the wind turbine. The reindeer showed
no systematic differences in the measured behaviour patterns between the two enclosures that
could indicate fright or stress as a consequence of the wind turbine or rotor movement. We 
conclude that semi-domestic reindeer in an enclosure showed no negative behavioural response
 and little or no aversion towards a wind turbine. The possibility of rapid habituation in a small
 enclosure with continuous wind turbine exposure suggests that effects on area use should be
 studied at a larger scale or with free-ranging reindeer.”

4) Helldin et al. 2012. The impacts of wind power on terrestrial mammals.

Citation: Helldin, J. O., Jung, J., Neumann, W., Olsson, M., Skarin, A., & Widemo, F. (2012). 
The impacts of wind power on terrestrial mammals Vindval Report 6510. In Diva Portal. 
Vindval. 

URL: https://www.diva-portal.org/smash/get/diva2:1613973/FULLTEXT01.pdf
Location: Worldwide
Herd: N/A
Summary (Abstract): “We compiled available knowledge and experience of the impact of wind
power on terrestrial mammals, both wild and domestic. The literature in the field is very limited,
so we also tried to draw lessons from related fields, such as disturbance from noise, construction 
work, traffic, hunting and outdoor activities, and the effects of habitat change.” “For the larger 
game species as well as domestic reindeer, the influence from wind power should primarily be 
due to the network of access roads to the turbines." “A few studies available on wild deer, 
reindeer, and large carnivores during construction work suggest that these animals may 
temporarily avoid wind farms during this period. However, the data is not conclusive.” The few 
studies available on noise emissions and visual stimuli suggest there is limited impact. Effects
from wind farm construction also depend on size of wind farm. The report also suggests design
principles for monitoring programs.

https://www.diva-portal.org/smash/get/diva2:1613973/FULLTEXT01.pdf


5) May et al. 2012. Renewable energy respecting nature. A synthesis of knowledge on 
environmental impacts of renewable energy financed by the Research Council of 
Norway.

Citation: May, R., Bevanger, K., Van Dijk, J., Petrin, Z., & Brende, H. (2012). Renewable Energy 
Respecting nature. Trondheim: Norwegian Institute for Nature Research.

URL:https://www.researchgate.net/publication/
255180618_Renewable_energy_respecting_nature_A_synthesis_of_knowledge_on_environment
al_impacts_of_renewable_energy_financed_by_the_Research_Council_of_Norway
Location: Norway
Herd: Various
Summary (Abstract): “Renewable energy production is seen as a key factor for reduction of 
climate emissions; however further development of landscapes and seascapes may impact the 
environment on top of existing pressures. Norway has committed to reduce emissions, and major 
efforts are put into technological and environmental research to provide knowledge and solutions 
to meet these challenges. This report synthesizes the knowledge on environmental impacts of 
renewable energy acquired through the EFFEN, EFFEKT and RENERGI programmes run by the 
Research Council of Norway; especially from the Centre for Environmental Design of 
Renewable Energy (CEDREN), as one of the centres for environmental-friendly energy research 
(CEER)….With the current development of onshore and offshore wind power and the extension 
of associated power transmission, environmental considerations will evolve rapidly…Research 
on environmental impacts of onshore wind power focused on the Smøla wind-power plant in 
Central Norway…Effects on ungulates and game birds related to power-line corridors are 
important; consequently also for outdoor activities including hunting. To take into account 
various stakeholders’ perspectives, OPTIPOL has developed a least-cost-path analysis-tool to aid 
complex decision-making in routing of power lines…”.

Elsewhere in paper the authors consider semi-domestic reindeer. They note that research (REIN 
project) has shown turbine noise is audible to reindeer, and reindeer (in enclosures) exposed to 
turbines did not change their space use despite strong winds and higher noise. However the effect 
of different types of turbines on reindeer has not been studied. Mitigation methods proposed 
includes placement of turbines in landscape to minimize effects. Construction work , if possible, 
should be carried out when reindeer are not in that area.

“Regarding power line impacts on semi-domestic reindeer…it turned out that corona discharge 
noise from the power lines is audible for reindeer, but not necessarily disturbing, and that direct 
exposure to power-line constructions has a limited effect to the local behaviour of the reindeer. 
Moreover, it was evident that the construction phase has the strongest, short term disturbing 

https://www.researchgate.net/publication/25518
https://www.researchgate.net/publication/25518
https://www.researchgate.net/publication/25518


effect, but limited long term effect. 
 
One the other hand it turned out that reindeer avoided power lines, reducing their area use up 
to several kilometres from the power line corridor. It was also evident that females with calves 
were most vulnerable to these disturbances, though there were seasonal differences in the 
disturbance effect. There are also differences in the degree to which different populations of 
domestic and wild reindeer and caribou tolerate disturbances. The fact that local disturbances 
like corona discharge noise do not necessarily act as a scaring device, also explain several 
observations of reindeer grazing below power lines. However, there are also observations of 
reindeer herds stopping and turning around when approaching a power-line corridor. The 
debate on local scaring effects or regional avoidance effects with respect to reindeer is still 
going on…”

6) Skarin, Nellemann, Sandström, Ronnegård, & Lundquist. 2013. Reindeer and 
Windpower (Renar och vindkraft).

Citation: Skarin, A., Nellemann, C., Sandström, P., Ronnegård, L., & Lundquist, H. (2013). 
Reindeer and Windpower (Renar och vindkraft) Vindval Report 6564. In ResearchGate. 
Vindval. https://www.researchgate.net/search.Search.html?
type=publication&query=Reindeer%20and%20Windpower%20(Renar%20och%20vindk
raft)

URL:https://www.researchgate.net/search/publication?
q=Reindeer%2Band%2BWindpower%2B%2528Renar%2Boch%2Bvindkraft%2529

Location: Northern Sweden
Herd: Semi-domesticated reindeer in the Malå herding community
Summary: This report is in Swedish, but an English summary is provided. The summary
mentions how past disturbance studies showed the same pattern of avoidance (of various 
disturbance sources) in domesticated reindeer as for wild reindeer and caribou, despite the
domestication process. This study examined how reindeer behaved in a situation with existing
infrastructure (roads and power lines) during the construction of a new wind farm of 8 to 10
turbines in an area of Northern Sweden where reindeer calve and spend the summer. Researchers
used fecal pellet counts and GPS collar information. “Overall, the results suggest avoidance by
the reindeer of the wind farm area, the new roads and the power line constructions, during the
construction phase.” “More studies are needed to get an idea of how wind power affects reindeer 
during the operational phase, which may be during 20–25 years. Knowledge of how the noise 
from the turbines affects the animals is limited.”

7) Skarin, Nellemann, Sandström, Ronnegård, & Lundquist. 2015. Wind farm 

https://www.researchgate.net/search.Search.html?type=publication&query=Reindeer%20and%20Windpower%20(Renar%20och%20vindkraft)%22
https://www.researchgate.net/search.Search.html?type=publication&query=Reindeer%20and%20Windpower%20(Renar%20och%20vindkraft)%22
https://www.researchgate.net/search.Search.html?type=publication&query=Reindeer%20and%20Windpower%20(Renar%20och%20vindkraft)%22
%22
%22


construction impacts reindeer migration and movement corridors.

Citation: Skarin, A., Nellemann, C., Rönnegård, L., Sandström, P., & Lundqvist, H. (2015). Wind 
farm construction impacts reindeer migration and movement corridors. Landscape 
Ecology, 30(8), 1527–1540. https://doi.org/10.1007/s10980-015-0210-8

URL: https://www.semanticscholar.org/paper/Wind-farm-construction-impacts-reindeer-
migration-Skarin-Nellemann/4abc65dde0f1b3aedd5479e31196bc21a0772ad0

Location: Northern Sweden
Herd: Semi-domesticated reindeer in the Malå herding community
Summary (Abstract): "Context: Over the last decade, we have seen a massive increase in the 
construction of wind farms in northern Fennoscandia. Wind farms comprising hundreds of wind 
turbines are being built, with little knowledge of the possible cumulative adverse effects on the 
habitat use and migration of semi-domesticated free-ranging reindeer.
Objectives: We assessed how reindeer responded to wind farm construction in an already
fragmented landscape, with specific reference to the effects on use of movement corridors and
reindeer habitat selection.
Methods: We used GPS-data from reindeer during calving and post-calving in the Mala˚ reindeer
herding community in Sweden. We analyzed data from the pre-development years compared to 
the construction years of two relatively small wind farms.
Results: During construction of the wind farms, use of original migration routes and movement 
corridors within 2 km of development declined by 76 %. This decline in use corresponded to an 
increase in activity of the reindeer measured by increased step lengths within 0–5 km. The step
length was highest nearest the development and declining with distance, as animals moved 
towards migration corridors and turned around or were observed in holding patterns while not 
crossing. During construction, reindeer avoided the wind farms at both regional and landscape 
scale of selection.
Conclusions: The combined construction activities associated with even a few wind turbines 
combined with power lines and roads in or close to central movement corridors caused a 
reduction in the use of such corridors and grazing habitat and increased the
fragmentation of the reindeer calving ranges.”

8) Skarin, Sandström, Alam, Buhot & Nellemann. 2016. Renar och vindkraft II - 
Vindkraft i drift och effekter på renar och renskötsel.

Citation: Skarin, A., Sandström, P., Alam, M., Buhot, Y., & Nellemann, C. (2016). Renar och 
vindkraft II - Vindkraft i drift och effekter på renar och renskötsel Report 294. Uppsala: 
Swedish University of Agricultural Sciences Department of Animal Nutrition and 
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Management.
URL: https://pub.epsilon.slu.se/13562/7/skarin_a_et_al_160818.pdf
Location: Northern Sweden
Herd: Semi-domesticated reindeer
Summary: This report is in Swedish, but an English abstract is provided.“Impacts of wind power 
infrastructure development on semi-domesticated reindeer and reindeer husbandry. A surge in 
wind power development and associated road and powerline infrastructure is currently taking 
place worldwide. In Sweden and Fennoscandia, plans of large-scale wind power mill farms 
counting several hundred windmills and their associated infrastructure of roads and powerlines 
are being implemented. In this report we describe how wind farms not only during construction, 
but also during operational phases impact reindeer and reindeer husbandry. Reindeer behaviour 
in relation to wind farms were studied in three different study areas in Västerbotten County in 
northern Sweden. In the Malå reindeer herding community the effects of Storliden and 
Jokkmokkliden wind farms were assessed during the calving and summer grazing period. In 
Vilhelmina Norra reindeer herding community, use of the winter grazing range around Stor-
Rotliden wind farm was studied. Finally, the use of the Lögdeålandets winter grazing range by 
reindeer from the Byrkije reindeer herding community from Norway was assessed in relation to 
the Gabrielbergets wind farm. Reindeer habitat use was assessed through reindeer fecal pellet-
group counts and by the use of GPS-collars. Data were before and during the construction phase 
and during the operational phase 2 . We estimated reindeer habitat selection by developing 
resource selection function (RSF) models for each area in relation to the wind farm areas before, 
during and after construction. In addition, reindeer use was assessed around Gabrielsberget when 
1) the wind farm was turned off for 40 days; 2) during operation when the reindeer were 
supplementary fed, and 3) during operation without supplementary feeding. Finally, the 
perception, experiences and views of reindeer herders were assessed through qualitative 
interviews. Our results showed that the reindeer in both calving and winter grazing areas were 
negatively affected by the wind farm developments. The reindeer avoided grazing in areas where 
they could see and/or hear the wind turbines and preferred to use areas where the wind turbines 
were topographically sheltered. In Malå, the reindeer increased the use by 60% of areas 
topographically sheltered away from the operating wind farms compared to before construction. 
In winter at Gabrielsberget wind farm, with no supplementary feeding, reindeer largely avoided a 
3 km zone. Fecal pellet group counts was only performed in Malå reindeer herding district. For 
Gabrielsberget GPS-data was collected only during the operational phase due to lack of 
funding.”

9) Skarin & Alam. 2017. Reindeer habitat use in relation to two small wind farms, during 
preconstruction, construction, and operation.

Citation: Skarin, A., & Alam, M. (2017). Reindeer habitat use in relation to two small wind 

https://pub.epsilon.slu.se/13562/7/skarin_a_et


farms, during preconstruction, construction, and operation. Ecology and Evolution, 7(11), 
3870–3882. https://doi.org/10.1002/ece3.2941

URL: https://pubmed.ncbi.nlm.nih.gov/28616184/
Location: Northern Sweden
Herd: Semi-domesticated reindeer in the Malå herding community
Summary (Abstract): “Worldwide there is a rush toward wind power development and
its associated infrastructure. In Fennoscandia, large-scale wind farms comprising several hundred
windmills are currently built in important grazing ranges used for Sámi reindeer husbandry. In
this study, reindeer habitat use was assessed using reindeer fecal pellet group counts in relation 
to two relatively small wind farms, with 8 and 10 turbines, respectively. In 2009, 1,315 15-m2
plots were established, and pellet groups were counted and cleaned from the plots. This was
repeated once a year in May, during preconstruction, construction, and operation of the wind 
farms, covering 6 years (2009–2014) of reindeer habitat use in the area. We modeled the 
presence/absence of any pellets in a plot at both the local (wind farm site) and regional (reindeer
calving to autumn range) scale with a hierarchical logistic regression, where spatial correlation 
was accounted for via random effects, using vegetation type, and the interaction between 
distance to wind turbine and time period as predictor variables. Our results revealed an absolute
reduction in pellet groups by 66% and 86% around each wind farm, respectively, at local scale
and by 61% at regional scale during the operation phase compared to the preconstruction phase.
At the regional, scale habitat use declined close to the turbines in the same comparison. 
However, at the local scale, we observed increased habitat use close to the wind turbines at one
of the wind farms during the operation phase. This may be explained by continued use of an
important migration route close to the wind farm. The reduced use at the regional scale
nevertheless, suggests that there may be an overall avoidance of both wind farms during
operation, but further studies of reindeer movement and behavior are needed to gain a
better understanding of the mechanisms behind this suggested avoidance.

10) Skarin, Sandström, & Alam. 2018. Out of sight of wind turbines-reindeer response to 
wind farms in operation.

Citation: Skarin, A., Sandström, P., & Alam, M. (2018). Out of sight of wind turbines-reindeer 
response to wind farms in operation. Ecology and Evolution, 8(19), 9906–9919. https://
doi.org/10.1002/ece3.4476

URL: https://pubmed.ncbi.nlm.nih.gov/30386585/
Location: Northern Sweden
Herd: Semi-domesticated reindeer in the Malå herding community
Summary (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
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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 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 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.”

11) Strand et al. 2017. Wind-power and reindeer – a synthesis of knowledge. - NINA Report 
1305. 

Citation: Strand, O., Colman, J. E., Eftestøl, S., Sandström, P., Skarin, A., & Thomassen, J. 
(2017). Vindkraft og reinsdyr – en kunnskapssyntese NINA Report 1305. Norsk institutt 
for naturforskning (NINA).

URL: https://brage.nina.no/nina-xmlui/handle/11250/2446889
Location: Sweden and Norway
Herd: Various
Summary: This report is in Swedish, but an English abstract is provided. “In this report, we have 
summarized existing knowledge about the effects of wind power on reindeer. The effects of 
technical installations and disturbance in general and the effects of wind power plants in 
particular have been studied by different research groups. Their efforts have improved our 
knowledge about the effects of such installations on reindeer and reindeer husbandry. In some 
cases, various projects reported contrasting results. We have tried to explain the results from the 
respective investigations.
A wind power plant potentially leads to negative effects on the environment and society. These 
impact factors are summarized below. Impact factors must be considered in context, and wind 
power plants must be considered as an entity in which the sum of the impact from various factors 
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combined result in their overall effect. In addition, other factors in an area and the cumulative 
impacts affecting pasture use and herding districts must be included in the assessments of wind 
power plant’s impact on reindeer. To understand cumulative effects, it is important that all 
seasons are included as well as a long time span that is long enough to capture environmental 
variation, and hence, natural or disturbance related changes in habitat use.
Roads: Roads lead to increased traffic and increased accessibility for humans. Roads lead to 
avoidance and can hinder reindeers' natural movements. Exceptions to this may be roads which 
are built in areas that already have a lot of infrastructure, or roads with very little traffic. Closure 
of roads can be an effective mitigating measure, but experience shows that it is difficult to 
maintain such strict regimes over time.
Power lines: The effect of power lines remain less clear. Recent studies using GPS-collars and 
before and after data show how construction activities can cause relatively strong avoidance 
effects. However, they also report that power lines in their operational period have less negative 
effects than previously thought during summer and fall. A hypothesis that could possibly explain 
the seemingly variable effects of power lines couples the reindeer's ability to see in UV light 
should be followed up in more detailed investigations of this potential mechanism which is 
expected to be of importance in winter.
Wind turbines and rotors: Three of the surveyed plants in Sweden and a recent study from 
Norway have found that reindeer have reduced habitat use of areas within 3-5 km from such 
plants. One study in Sweden and three studies in Norway have not found reduced use near wind 
power plants. We discuss the cause of these differences and the explanations for the different 
results, including topography, feeding conditions, proximity to other infrastructure and design/
implementation of the various studies. To increase knowledge about the impacts of wind power 
on reindeer, there is a need for long-term studies that take into account the cumulative impacts of 
wind power plants, also including other cumulative impacts within the herding district. Such 
future studies should also include local and cultural knowledge within established social science 
sampling practices.
In conclusion, we recommend how future research resources could be put to use. We also discuss 
how cultural and traditional knowledge should be integrated into future research to provide the 
most relevant knowledge base for applied results towards this issue.

12) Tsegaye et al. 2017. Reindeer spatial use before, during and after construction of a 
wind farm.

Citation: Tsegaye, D., Colman, J. E., Eftestøl, S., Flydal, K., Røthe, G., & Rapp, K. (2017). 
Reindeer spatial use before, during and after construction of a wind farm. Applied Animal 
Behaviour Science, 195, 103–111. https://doi.org/10.1016/j.applanim.2017.05.023



URL: https://www.semanticscholar.org/paper/Reindeer-spatial-use-before%2C-during-and-after-
of-a-Tsegaye-Colman/deb74fe0591562d586985bd0d305dc68030c473d
Location: Northern Norway
Herd: Semi-domesticated reindeer
Summary (abstract): “The Fakken Wind farm (WF) was built in 2010-12 on the Fakken 
peninsula on the south-east corner of the island of Vannøy. Field and GPS sampling was 
conducted to test the interaction between reindeer spatial use and the WF with associated 
infrastructure for the period 2007-2015. “Before data” for both direct observations and GPS-
positions confirmed that the site where the WF was built was an important winter grazing area 
for reindeer. Testing data from before, during and after construction of the WF showed that the 
overall use on the island and for the WF area did not change during the study period. The 
reindeer density did not vary significantly among the periods, both for the WF and power line 
areas. We found no avoidance responses on reindeer spatial use towards the WF during the 
operation periods for direct observation data. However, we found some significant changes in 
reindeer area use that may be related to disturbance from human activities for the calving period 
during construction in WF zone 1 and road zone 1 (GPS-data), and for the power line area during 
construction in summer and autumn (direct observational 30 data). Our study site represents an 
area where coexistence of reindeer husbandry and wind energy development is possible, with 
negligible effects on reindeer spatial use during and after WF development. We recommend that 
new WFs should be built close to existing infrastructure and limit a potential increase in human 
accessibility to remote areas where reindeer are less accustomed to human activity.”

https://www.semanticscholar.org/paper/Reindeer-spatial-use-before,-during-and-after-of-a-Tsegaye-Colman/deb74fe0591
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2.2 Caribou and Power Lines

1) Bartzke, May, Bevanger, Stokke, & Roskaft. 2014.The effects of power lines on 
ungulates and implications for power line routing and rights-of-way management.

Citation: Bartzke, G. S., May, R., Bevanger, K., Stokke, S., & Roskaft, E. (2014). The effects of 
power lines on ungulates and implications for power line routing and rights-of-way 
management. International Journal of Biodiversity and Conservation, 6(9), 647–662. 
https://doi.org/10.5897/ijbc2014.0716

URL: https://academicjournals.org/journal/IJBC/article-full-text-pdf/23B72C447892
Location: Worldwide with focus on Norway
Herd: N/A
Summary: This article discusses factors that may influence avoidance by ungulates. Based upon 
a review of peer-reviewed and grey literature. The article does focus on power lines in cleared 
areas (of forest), as opposed to power lines erected in tree-less tundra. From the Abstract: 
“Ungulates that range over large areas are likely to encounter power lines, but a synthesis of 
power line effects on ungulates is lacking. Reindeer (Rangifer tarandus tarandus) are suspected 
to avoid power lines up to distances of 4 km…Power line construction, noise, and 
electromagnetic fields are possible sources of disturbance, while rights-of-way management 
influences habitat use under power lines…We found little evidence for behavioural disturbance 
of reindeer or forest ungulates under power lines…More research is needed to make 
recommendations for the optimal design of power line networks”

2) Colman, Tsegaye, Flydal, Rivrud, Reimers, & Eftesøl. 2015. High voltage power lines 
near wild reindeer calving areas.

Citation: Colman, J. E., Tsegaye, D., Flydal, K., Rivrud, I. M., Reimers, E., & Eftestøl, S. (2015). 
High-voltage power lines near wild reindeer calving areas. European Journal of Wildlife 
Research, 61(6), 881–893. https://doi.org/10.1007/s10344-015-0965-x

URL: https://link.springer.com/article/10.1007/s10344-015-0965-x
Location: Norway
Herd: Setesdal East and West
Summary (Abstract): “Within ungulate home ranges, suitable calving areas are of crucial 
importance for maintaining the reproductive potential of populations. Using GPS telemetry from 
a unique time series spanning before, during and after the construction of a 420-kV power line, 
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we present results on calving site locations and area use during calving for two wild 
reindeer Rangifer tarandus tarandus populations (Setesdal West and Setesdal East) in Norway. 
For both populations, reindeer consistently preferred a core calving area at 4–8 km distance from 
the new power line in all three periods, indicating little preference of areas near the new power 
line. A reduction of the use of areas up to 6 km from the new power line during construction in 
Setesdal West may possibly indicate a disturbance effect. Contrary to our expectation, reindeer 
area use close to the new power line increased after construction in Setesdal East. Reindeer 
intensely used areas close to another existing 132 kV power line crossing the core calving area of 
Setesdal East during all years. However, reindeer area use was reduced up to 2 km from existing 
parallel 420 and 300 kV power lines located at the periphery of the calving area in Setesdal.”
Note: Abstract only is available free of charge on internet. Article not accessed.

3) Eftesøl, Tsegaye, Flydal & Colman. 2015. From high voltage (300 kV) to higher 
voltage (420 kV) power lines: reindeer avoid construction activities.

Citation: Eftestøl, S., Tsegaye, D., Flydal, K., & Colman, J. E. (2015). From high voltage 
(300 kV) to higher voltage (420 kV) power lines: reindeer avoid construction activities. 
Polar Biology, 39(4), 689–699. https://doi.org/10.1007/s00300-015-1825-6

URL: https://www.semanticscholar.org/paper/From-high-voltage-(300%C2%A0kV)-to-higher-
voltage-power-Eftest%C3%B8l-Tsegaye/9efe847bcefda8be7bc20e848aab748b01afbb0d
Location: Norway
Herd: Semi-domesticated reindeer
Summary (Abstract): “Demands for increased energy production have initiated several new high-
voltage power line projects, of which hundreds of km will traverse reindeer (Rangifer tarandus 
tarandus) habitat in central and northern parts of Scandinavia. We investigated area use of 
semidomesticated reindeer in the Essand reindeer district’s summer range (Norway) in 
connection with a new 420 kV power line built in 2008/2009 to replace an existing 300 kV line. 
We used 6 years (2008–2013) of GPS telemetry data from 5 to 22 female reindeer per season. 
During the construction period compared to the period before and after construction, predicted 
probability of use decreased on average 10 % within areas 6 km from the central infrastructure 
for the calving period, about 12 % within 3.5 km in summer and close to 13 % within 3.5 km in 
autumn. In the calving period prior to construction, as well as the calving period, summer and 
autumn for the years after construction, use of areas close to the infrastructure did not deviate 
from random. Resource selection functions showed significant effects of construction work, 
habitat quality, elevation and aspect on the area use of reindeer. We found no support for the 
hypothesis that power lines have negative effects on reindeer area use, independent of associated 
human activity during construction. Mitigation measures should focus on both the construction 
period of power lines, minimizing construction work when adjacent areas are utilized by 
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reindeer, as well as keeping human activity to a minimum  during operative years.”

4) Flydal, Kilde, Enger & Reimers. 2003. Hearing in reindeer (Rangifer tarandus)

Citation: Flydal, K., Hermansen, A., Enger, P., & Reimers, E. (2001). Hearing in reindeer 
(Rangifer tarandus). Journal of Comparative Physiology A: Sensory, Neural, and 
Behavioral Physiology, 187(4), 265–269. https://doi.org/10.1007/s003590100198

URL:https://www.semanticscholar.org/paper/Hearing-in-reindeer-(Rangifer-tarandus)-Flydal-Hermansen/
7262fc4df5ae67690064288008f3965467c6cda7 
Location: Norway
Herd: Not specified
Summary (Abstract): “The audiogram of two yearling male reindeer (Rangifer tarandus tarandus) 
were determined using a conditioned suppression/avoidance procedure. During testing, the 
animal was drinking from a metal bowl while pure tone signals were played at random intervals 
and followed by an electric shock in the bowl. By breaking contact with the bowl at sound 
signals, the animal avoided the shock. The animals detected sounds at intensities of 60 dB or less 
from 70 Hz to 38 kHz. The frequency range of best sensitivity was relatively flat from 1 kHz to 
16 kHz, with a best sensitivity of 3 dB at 8 kHz. The hearing ability of reindeer is similar to the 
hearing ability of other ungulates.” Note: Abstract only is available free of charge.

5) Flydal, Kilde, Enger & Reimers. 2003. Reindeer (Rangifer tarandus tarandus) 
perception of noise from power lines.

Citation: Flydal, K., Kilde, I. R., Enger, P. S., & Reimers, E. (2003). Reindeer (Rangifer tarandus 
tarandus) perception of noise from power lines. Rangifer, 23(1), 21. https://doi.org/
10.7557/2.23.1.310

URL: https://septentrio.uit.no/index.php/rangifer/article/view/310
Location: Norway
Herd: Not specified
Summary (Abstract):“Several studies have focused on the effects of noise on wildlife  in  general  
(Comber  &  Zaffanella,  1975; Busnel & Fletcher, 1978; Lee & Griffith, 1978; Lee &  Reiner,  
1983;  Larkin,  1996).  Activities  with sudden  high  intensity  noise  have  been  shown  
tobehaviourally  or  physiologically  affect  reindeer  and caribou  (Rangifer  tarandus)  
(Harrington  &  Veitch,1991; Berntsen, 1996; Bradshaw et al., 1997; Maieret  al.,  1998).  In  
addition,  it  has  been  hypothesised that  continuous  low-intensity  noise,  like  noise caused  by  
electrical  discharges  from  power  lines  in moist weather (corona), may disturb reindeer as well 
(Busnel & Fletcher, 1978; Reimers et al., 2000). This hypothesis can be evaluated using 
knowledge about the hearing ability of Rangifer, recently published byFlydal et al.(2001). Here, 
we present measurements of  corona-noise  from  power  lines  together  with  an assessment  of  
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the  perceptibility  of  such  noise  by reindeer, based on the established audiogram.” The authors 
note elsehwere in the paper that “…although  reindeer  can  hear the corona noise from power 
lines, the noise may not necessarily disturb the animals…. It  is  likely  that  sudden  noises  of  
high intensity have stronger effects on reindeer than continuous low-intensity noises like corona 
from power lines…”
6) Flydal, Korslund, Reimers, Johansen, & Colman. 2009. Effects of power lines on area 
use and behaviour of semi-domestic reindeer in enclosures.

Citation: Flydal, K., Korslund, L., Reimers, E., Johansen, F., & Colman, J. E. (2009). Effects of 
Power Lines on Area Use and Behaviour of Semi-Domestic Reindeer in Enclosures. 
International Journal of Ecology, 2009, 1–14. https://doi.org/10.1155/2009/340953

URL:https://www.researchgate.net/publication/
40892601_Effects_of_Power_Lines_on_Area_Use_and_Behaviour_of_Semi-
Domestic_Reindeer_in_Enclosures

Location: Southern Norway
Herd: One domestic tame herd (Kautokeino) and one domestic wild herd (Vågå)
Summary (Abstract): We conducted large-scale, replicated experiments to test the effects of two 
parallel power lines on area use, behaviour, and activity of semidomestic reindeer in enclosures. 
Yearling female reindeer were released into four 50×400 m enclosures: two treatment enclosures 
with power lines and two control enclosures. Reindeer from two herds, one from Kautokeino 
(domestic tame) and one from Vågå, (domestic wild) were tested separately and compared. 
Individual location within the enclosures was not affected by the power lines. Effects on restless 
behaviour were ambiguous, with slightly more restless behaviour in the treatment enclosures for 
the domestic tame reindeer, while the domestic wild reindeer maintained a stable level in the 
treatment enclosures, increasing with time in the control enclosures. Activity changes were 
slightly more common among animals within treatment enclosures for both herds, with no 
indication of habituation during the experiment. The domestic wild reindeer had more than three 
times the amount of restless behaviour than the domestic tame reindeer. Our study indicates that 
for reindeer in enclosures, the disturbance from a power line construction is negligible. This 
suggests that power lines are a minor disturbing factor compared to human handling when using 
fenced in areas like grazing gardens in reindeer husbandry.

7) Flydal, Kilde, Eigil, & Per. 2010. Reindeer (Rangifer tarandus tarandus) perception of 
noise from power lines.

Citation: Flydal, K., Kilde, I. R., Eigil, R., & Per, S. (2010). Reindeer (Rangifer tarandus 
tarandus) perception of noise from power lines. Rangifer, 23(1). https://doi.org/DOI:
10.7557/2.23.1.310
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URL: https://septentrio.uit.no/index.php/rangifer/article/view/310
Location: Northern Norway
Herd: Semi-domesticated reindeer
Summary (Abstract): “There has been concern about possible effects of noise from power lines 
on reindeer (Rangifer tarandus tarandus) behaviour. Based on recent establishment of the 
reindeer audiogram and measurements of corona noise from two power lines of 300 kV and 420 
kV, we found that reindeer are able to hear noise from power lines at frequencies above 250 Hz. 
A comparison with the human audiogram shows that humans are better able to perceive noise 
from power lines than reindeer, at least at the lowest frequencies. By simple comparisons of this 
kind, the perception of different types of sound by reindeer can be determined. Possible noise 
disturbances from human activities and constructions can be minimised if the intensity can be 
reduced for frequencies in the best hearing range of reindeer.”

8) Haugen. 2015. Does UV discharge from high-voltage power lines affect wild 
reindeers’ are use? 
Citation: Haugen, J. (2015). Does UV-discharge from high-voltage power lines affect wild 

reindeers´area use? Norwegian University of Life Sciences.
URL: https://static02.nmbu.no/mina/studier/moppgaver/2015-Haugen.pdf
Location: Southern Norway
Herd: Wild reindeer
Summary (Abstract): “Human activities and infrastructure continue to increase in northern 
regions, and in Scandinavia, the progressive development of wind and hydroelectric power, 
cabins, roads, and power lines is in conflict with the conservation of wild reindeer (Rangifer 
tarandus tarandus) habitat. High voltage power lines produce corona noise and UV-discharges 
under particular weather conditions. A new hypothesis suggests that avoidance behavior in 
reindeer towards power lines might be linked with their adaptive UV-sensitive vision in winter 
combined with unpredictable UV outburst from high-voltage power lines. However, studies 
based on GPS data from several Norwegian reindeer populations have found limited negative 
effects of power lines alone or after the period of construction. The objective of this study was to 
test the “UV-hypothesis” for wild reindeer in Setesdal Vest-Ryfylke and Setesdal Austhei using 
data from GPS-collared reindeer for the years 2007 - 2014. Area use was studied within three test 
areas with 420 kV and 300 kV power lines and numerous control lines throughout the landscape. 
This study tested differences in area use between nighttime and daytime within a 1 km, 500 m, 
200 m and 100 m corridor for autumn, winter and spring. The “UV”- hypothesis was not 
supported by my results. For all real power lines, there was no significant differences between 
daytime and nighttime in relation to distance to power line within the 1 km, 500 m, 200 m and 
100 m corridors. This applies to both Setesdal Vest-Ryfylke and Setesdal Austhei. These results 
indicate that wild reindeer in Setesdal Vest-Ryfylke and Setesdal Austhei are not negatively 
affected by UV-discharge, nor show any aversion towards high voltage power lines during 
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nighttime. Power lines do not facilitate human use after development and this could lead to a 
more rapid habituation. Over time, reindeer might habituate to UV-discharge stimuli because 
there is no danger related to the electrical phenomenon. However, UV-discharge might be more 
dominant under particular weather conditions, thus, future studies should include weather data. 
Also, due to classical conditioning, (or even large time scale autocorrelation) negative effects 
during nighttime may also lead to negative effects during daytime. This may be the reason for 
why there is an increase in density of GPS-points further away from the power line in Setesdal 
Austhei North and Setesdal Vest-Ryfylke South. It may also be caused by other factors like 
elevation, snow depth or vegetation, especially since the same trend is not found in all three 
areas. To investigate this further, these other factors should be included in future analyses.”

9) Hogg et al. 2011. Arctic reindeer extend their visual range into the ultraviolet.

Citation: Hogg, C., Neveu, M., Stokkan, K.-A., Folkow, L., Cottrill, P., Douglas, R., … Jeffery, 
G. (2011). Arctic reindeer extend their visual range into the ultraviolet. Journal of 
Experimental Biology, 214(12), 2014–2019. https://doi.org/10.1242/jeb.053553

URL: https://journals.biologists.com/jeb/article/214/12/2014/10274/Arctic-reindeer-extend-their-
visual-range-into-the

Location: Northern Norway
Herd: Male reindeer (Rangifer tarandus tarandus) from semi-domesticated herd
Summary (Abstract): “The Arctic has extreme seasonal changes in light levels and is 
proportionally UV-rich because of scattering of the shorter wavelengths and their reflection from 
snow and ice. Here we show that the cornea and lens in Arctic reindeer do not block all UV and 
that the retina responds electrophysiologically to these wavelengths. Both rod and cone 
photoreceptors respond to UV at low-intensity stimulation. Retinal RNA extraction and in 
vitro opsin expression show that the response to UV is not mediated by a specific UV 
photoreceptor mechanism. Reindeer thus extend their visual range into the short wavelengths 
characteristic of the winter environment and periods of extended twilight present in spring and 
autumn. A specific advantage of this short-wavelength vision is the use of potential information 
caused by differential UV reflections known to occur in both Arctic vegetation and different 
types of snow. UV is normally highly damaging to the retina, resulting in photoreceptor 
degeneration. Because such damage appears not to occur in these animals, they may have 
evolved retinal mechanisms protecting against extreme UV exposure present in the daylight 
found in the snow-covered late winter environment.”

10) James & Stuart-Smith. 2000. Distribution of caribou and wolves in relation to linear 
corridors.

https://journals.biologists.com/jeb/article/214/12/2014/10274/Arctic-reindeer-extend-their-visual-range-into-the
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Citation: James, A. R. C., & Stuart-Smith, A. K. 2000. Distribution of Caribou and Wolves in 
Relation to Linear Corridors. The Journal of Wildlife Management, 64(1), 154. https://
doi.org/10.2307/3802985

URL: https://www.jstor.org/stable/3802985
Location: Northeastern Alberta
Herd: Woodland caribou
Summary (Abstract): Linear corridors (roads, trails, seismic lines, and pipeline corridors) have 
been hypothesized to increase human harvest and predation pressure on woodland caribou 
(Rangifer tarandus). We tested the hypothesis that linear corridors affect caribou and wolf 
activities by examining the distribution of 2,616 telemetry locations of caribou, 27 caribou 
mortality sites, 592 telemetry locations of wolves (Canis lupus), and 76 sites where wolves had 
preyed on large ungulates relative to linear corridors in caribou range and well-drained sites in 
northeastern Alberta. Of the 98 radio-collared caribou, 35 were significantly further than random 
from corridors and only 3 were significantly closer. The mean difference between caribou and 
random locations (106 m) was significantly different from zero. Within caribou range, wolf 
locations were closer (134 m) than random to linear corridors. Wolf predation sites were not 
significantly closer to corridors than were wolf locations or random points. Caribou mortalities 
attributed to wolf predation were closer (316 m) to linear corridors than were live locations from 
all caribou, indicating that caribou that are close to linear corridors are at a higher risk of 
depredation. Each caribou mortality attributed to wolf predation was closer to a corridor than 
their telemetry locations while alive (mean difference = 204 m). Caribou mortalities caused by 
humans were 174 m closer to corridors than all live caribou locations, however this difference 
was not significant. Increased industrial activity in caribou range could have a significant effect 
on caribou population dynamics by increasing predation. The development of new corridors 
within caribou habitat should be minimized and existing corridors should be made unsuitable as 
travel routes to reduce the impacts of industrial development on caribou populations.” 
Note: This report deals with forested areas where linear features are cleared areas so may not be 
as applicable to tundra. 

11) Reimers, Flydal, & Stenseth. 2000. High voltage transmission lines and their effect 
on reindeer: a research programme in progress.

Citation: Reimers, E., Flydal, K., & Stenseth, R. (2000). High voltage transmission lines and 
their effect on reindeer: a research programme in progress. Polar Research, 19(1), 75–82. 
https://doi.org/10.3402/polar.v19i1.6532

URL: https://polarresearch.net/index.php/polar/article/view/2187
Location: Southern Norway
Herd: Female domestic reindeer and wild reindeer
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Summary (Abstract): “We review literature on high voltage transmission lines and their effect on 
wild reindeer (Rangifer tarandus) migration patterns and area use. We conclude that reliable 
knowledge is lacking on the effects of transmission lines on reindeer ecology. This condition 
relates to the lack of long-term monitoring of reindeer migration patterns in relation to existing 
lines. It is also related to the fact that nothing is known about hearing in reindeer (or any other 
deer species in Norway) in relation to transmission line noise, which is considered an obstacle 
for migrating reindeer. We then outline a research programme that includes a laboratory study to 
determine the audiogram in reindeer and two field studies to examine the proximate effects of 
transmission lines - independently as well as combined with ambient environmental variables - 
on reindeer behaviour. The audiogram in two yearling male reindeer has been determined; this 
part of the study will be completed this year with the determination of a corresponding 
audiogram in two female yearlings. The behaviour study of domestic reindeer under high voltage 
transmission lines was completed in September 1999. The behaviour study of wild reindeer in 
the area crossed by a 420 kV power line will continue this year and its completion is anticipated 
in 2001.” 
Note: I was unable to find any follow-up information from the wild reindeer part of the study.

12) Tyler et al. 2014. Ultraviolet vision and avoidance of power lines in birds and 
mammals.

Citation: Tyler, N., Stokkan, K.-A., Hogg, C., Nellemann, C., Vistnes, A.-I., & Jeffery, G. (2014). 
Ultraviolet Vision and Avoidance of Power Lines in Birds and Mammals. Conservation 
Biology, 28(3), 630–631. https://doi.org/10.1111/cobi.12262

URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4232876/
Location: Various
Herd: N/A
Summary (Abstract): The avoidance by mammals and ground-nesting birds of habitat up to several 
kilometers from  voltage power lines is a major consequence of infrastructure development in 
remote areas, but the behavior is perplexing because suspended cables are neither an 

impenetrable physical barrier nor associated with human traffic (e.g., Vistnes & Nellemann 2008; 

Pruett et al. 2009; Degteva & Nellemann 2013). Moreover, avoidance may persist >3 decades 

after construction (Nellemann et al. 2003; Vistnes et al. 2004), suggesting behavioral 
reinforcement. Integration of new information on visual function with the characteristics of 
power line function provides compelling evidence that avoidance may be linked with the ability 
of animals to detect ultraviolet light (UV)…Ultraviolet discharges on power lines occur both as 
standing corona along cables and irregular flashes on insulators. The discharge spectrum (200–

400 nm; Maruvada 2000) is below the normal lower limit of human vision, UV being attenuated 
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by the human cornea and lens, but in birds, rodents, and reindeer/caribou (Rangifer tarandus) 
(hereafter reindeer) the cornea and lens are UV permissive… Reindeer have no specific UV 
opsin, but we obtained robust retinal responses to 330 nm mediated by other opsins (Hogg et 

al. 2011 and unpublished) and propose that corona flashes are both visually salient and a cause of 
this species avoiding power lines…These observations constitute a strong argument that reindeer, 
like birds and rodents, may see corona UV. By extension, we suggest that in darkness these 
animals see power lines not as dim, passive structures but, rather, as lines of flickering light 
stretching across the terrain. This does not explain avoidance by daylight or when lines are not 
transmitting electricity—although, interestingly, electrically earthed cables are more hazardous 

to galliformes (which detect UV to 355 nm; Lind et al. 2014), perhaps precisely because without 

corona definition is lost (Bevanger & Brøseth 2001)—but it may be an example of classical 
conditioning in which the configuration of power lines is associated with events regarded as 
threatening.

13) Tyler et al. 2016. Cryptic impact: Visual detection of corona light and avoidance of 
power lines by reindeer.

Citation: Tyler, N. J. C., Stokkan, K., Hogg, C. R., Nellemann, C., & Vistnes, A. I. (2016). 
Cryptic impact: Visual detection of corona light and avoidance of power lines by 
reindeer. Wildlife Society Bulletin, 40(1), 50–58. https://doi.org/10.1002/wsb.620

URL: https://wildlife.onlinelibrary.wiley.com/doi/10.1002/wsb.620
Location: Norway
Herd: Various
Summary (Abstract): “Assessing the impact of human development on animals is complicated by 
the fact that overt effects may have covert causes. Cryptic impacts (sensu Raiter et al. 2014) can 
arise where sensory stimuli to which species respond fall outside the human sensory range. 
Ultraviolet (UV) light, which is detected by a range of non-primate mammals, is a potential 
example. We review evidence that dark-adapted eyes of reindeer–caribou Rangifer tarandus can 
detect light at 330–410 nm emitted by electrical corona on high-voltage power lines, which is 
necessarily barely visible to humans. Based on this, we suggest that the superior ability 
of Rangifer to detect corona UV light may partly account for the tendency of the animals to 
avoid power lines. Rangifer has UV-permissive ocular media that transmit approximately 15 
times more corona light than human eyes. Retinal irradiance under full dilation is in the order of 
7 times greater in Rangifer compared with humans. Seasonal transformation of the tapetum 
lucidum substantially increases retinal sensitivity in this species in winter. Threshold distances of 
detection of corona by Rangifer are in the order of hundreds of meters. Displays of corona may 
catch the animals' attention, and plume coronas, in particular, may induce the illusion of motion 
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(the phi phenomenon), thereby falsely signaling the presence of potential predators. Both 
features are likely to increase wariness and cause animals to withdraw from the source of the 
stimulus. We suggest that spatial and temporal variability of corona contributes to substantial 
variation observed in the strength and persistence of avoidance responses in Rangifer at these 
structures.”



2.3 Caribou and Roads 

1) Boulanger, Poole, Gunn, Adamczewski, & Wierzchowski. 2021. Estimation of trends in 
zone of influence of mine sites on barren-ground caribou populations in the Northwest 
Territories, Canada, using new methods.

Citation: Boulanger, J., Poole, K. G., Gunn, A., Adamczewski, J., & Wierzchowski, J. (2021). 
Estimation of trends in zone of influence of mine sites on barren-ground caribou 
populations in the Northwest Territories, Canada, using new methods. Wildlife Biology, 
2021(1). https://doi.org/10.2981/wlb.00719

URL: https://bioone.org/journals/wildlife-biology/volume-2021/issue-1/wlb.00719/Estimation-
of-trends-in-zone-of-influence-of-mine-sites/10.2981/wlb.00719.full
Location: Northwest Territories
Herd: Bathurst
Summary (Abstract): “The zone of influence (ZOI) is the area in the vicinity of industrial 
development where avoidance by caribou Rangifer tarandus or other wildlife species is observed. 
Here we examine ZOI around two diamond mines in the Northwest Territories (NWT), Canada 
from 1998 to 2017. In this paper, we further develop segmented/piecewise regression methods to 
analyze collar location and aerial survey data with a focus on yearly trend in ZOI for the Bathurst 
caribou herd. A base habitat model was initially formulated to account for habitat selection 
around mines followed by estimation of ZOI distance and magnitude. Seasonal ranges of the 
herd contracted from 2009 to 2017 due to decline in herd size, which influenced the distribution 
of caribou relative to the mines as well as larger scale habitat selection. Models with year-
specific estimates of ZOI were more supported than models assuming a constant ZOI across 
years. Significant ZOI’s occurred for aerial survey and/or collar data in 9 of 15 years from 2003 
to 2017 when both mines were in full operation, with ZOI distances ranging from 6.1 to 18.7 km. 
Non-significant ZOI’s occurred from 1998 to 2002 before both mines were fully operational. 
Caribou were attracted to lakes in drought years which significantly influenced distribution 
relative to mines as well as the magnitude of the ZOI detected. The ZOI extent averaged 7.2 km 
(CI = 3.8–10.5) when standardized for mean levels of drought. Our analysis suggests that ZOI 
varies both annually and spatially because of the location of mines relative to habitat selection 
and seasonal range size. Therefore, exacting analysis methods that account for these sources of 
variation are required for robust ZOI estimates. Segmented regression methods have become 
available in the R statistical program that allow flexible ZOI estimation for implementation of 
the methods in this study for caribou or other wildlife species.”

https://bioone.org/journals/wildlife-biology/volume-2021/issue-1/wlb.00719/Estimation-of-trends-in-zone-of-influence-of-mine-sites/10.2981/wlb.00719.full
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2) De Mars & Boutin. 2017. Nowhere to hide: Effects of linear features on predator–prey 
dynamics in a large mammal system

Citation: DeMars, C. A., & Boutin, S. (2017). Nowhere to hide: Effects of linear features on 
predator–prey dynamics in a large mammal system. Journal of Animal Ecology, 87(1), 
274–284. https://doi.org/10.1111/1365-2656.12760

URL: https://pubmed.ncbi.nlm.nih.gov/28940254/
Location: Northeastern British Columbia
Herd: Boreal woodland caribou
Summary (Abstract): “Rapid landscape alteration associated with human activity is currently 
challenging the evolved dynamical stability of many predator-prey systems by forcing species to 
behaviourally respond to novel environmental stimuli. In many forested systems, linear features 
(LFs) such as roads, pipelines and resource exploration lines (i.e. seismic lines) are a ubiquitous 
form of landscape alteration that have been implicated in altering predator-prey dynamics. One 
hypothesized effect is that LFs facilitate predator movement into and within prey refugia, thereby 
increasing predator-prey spatial overlap. We evaluated this hypothesis in a large mammal system, 
focusing on the interactions between boreal woodland caribou (Rangifer tarandus caribou) and 
their two main predators, wolves (Canis lupus) and black bears (Ursus americanus), during the 
calving season of caribou. In this system, LFs extend into and occur within peatlands (i.e. bogs 
and nutrient-poor fens), a habitat type highly used by caribou due to its refugia effects. Using 
resource selection analyses, we found that LFs increased predator selection of peatlands. Female 
caribou appeared to respond by avoiding LFs and areas with high LF density. However, in our 
study area, most caribou cannot completely avoid exposure to LFs and variation in female 
response had demographic effects. In particular, increasing proportional use of LFs by females 
negatively impacted survival of their neonate calves. Collectively, these results demonstrate how 
LFs can reduce the efficacy of prey refugia. Mitigating such effects will require limiting or 
restoring LFs within prey refugia, although the effectiveness of mitigation efforts will depend 
upon spatial scale, which in turn will be influenced by the life-history traits of predator and prey.
Note: This study focussed on forested areas.

3) Dyer, O’Neill, Wasel, & Boutin. 2002. Quantifying barrier effects of roads and seismic lines 
on movements of female woodland caribou in northeastern Alberta.

Citation: Dyer, S. J., O’Neill, J. P., Wasel, S. M., & Boutin, S. (2002). Quantifying barrier effects 
of roads and seismic lines on movements of female woodland caribou in northeastern 
Alberta. Canadian Journal of Zoology, 80(5), 839–845. https://doi.org/10.1139/z02-060

URL:https://www.semanticscholar.org/paper/Quantifying-barrier-effects-of-roads-and-seismic-
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on-Dyer-O'neill/8713bfe805d79a22f923efa26ec850f70953fa1f
Location: Northeastern Alberta
Herd: Woodland Caribou
Summary (Abstract): “Linear developments such as roads, seismic lines, and pipeline rights-of-
way are common anthropogenic features in the boreal forest of Alberta. These features may act 
as barriers to the movement of threatened woodland caribou (Rangifer tarandus caribou). Thirty-
six woodland caribou were captured and fitted with global positioning system collars. These 
collared caribou yielded 43 415 locations during the 12-month study period. We compared rates 
of crossing roads and seismic lines with rates at which caribou crossed simulated roads and 
seismic lines created using ArcInfo GIS. Seismic lines were not barriers to caribou movements, 
whereas roads with moderate vehicle traffic acted as semipermeable barriers to caribou 
movements. The greatest barrier effects were evident during late winter, when caribou crossed 
actual roads 6 times less frequently than simulated road networks. Semipermeable barrier effects 
may exacerbate functional habitat loss demonstrated through avoidance behaviour. This novel 
approach represents an important development in the burgeoning field of road ecology and has 
great potential for use in validating animal-movement models.”
Note: This study focussed on (boreal) forested areas.

4) Iuell & Strande. 2005. Monitoring effects of highway traffic on wild reindeer.

Citation: Iuell, B., & Strand, O. (2005). Monitoring effects of highway traffic on wild reindeer. 
Escholarship.org. Retrieved from https://escholarship.org/uc/item/9nw0643d

URL: https://www.semanticscholar.org/paper/Monitoring-Effects-of-Highway-Traffic-on-Wild-
Iuell-Strand/fe82847a16d47d721f16ce09bd77cdb45b45035d
Location: Southern Norway
Herd: Wild reindeer
Summary (Abstract): “Some of the major wildlife problems associated with transport 
infrastructure development in Norway involve the negative effects on reindeer populations. 
Documented effects include barrier effects resulting in fragmented populations and indirect 
impacts on reindeer grazing caused by disturbance from road traffic and human activities in 
general. Wild reindeer are sensitive to disturbance and are known to have high alertness and tend 
to be extremely shy of human activities. The disturbance caused by road traffic and human 
activities can reduce the reindeer habitat use at relatively …large distances (several kilometres) 
on either side of roads. A result of this avoidance is a reduction in the available grazing 
resources, which during the winter consist mainly of lichens, in wide zones parallel to roads, and 
an equivalent increase in grazing pressure in a zone at some distance from roads in undisturbed 
areas. Because lichens need 20 – 30 years to recover after periods of intensive grazing, the wild 
reindeer are regarded as especially vulnerable to barriers that reduce their possibilities to reach 
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new grazing grounds. At the Hardangervidda, the biggest mountain plateau in Southern Norway, 
the functional use of the wild reindeer area has probably changed from being a large-scale 
rotation in the use of the food resources and calving areas, to a more restricted use of a smaller 
and central area. become an overexploitation of a too small area. The northern parts of the 
Hardangervidda are, for example, functionally parted from the rest by Highway (Hw) 7 and the 
railroad. This situation is not unique to the northern parts of Hardangervidda but appears to be a 
general problem for most of the edges and many of the surrounding of the plateau areas that also 
happen to be most affected by humans and less are no longer used by the reindeer. The 
Norwegian directorate for nature management has suggested closing down a stretch of about 40 
km of Hw 7 crossing the Hardangervidda, during the winter months…The aim is to resume 
reindeer habitat use in this …area (to) the original use of the whole mountain plateau. Even if the 
road has very low traffic in the winter months (ADT 300-400), the suggestion has caused a lot of 
protests and discussions locally. In 2002 scientists from the Norwegian Institute of Nature 
Research (NINA) were engaged by the Norwegian Public Roads Administration (NPRA) in a 
five-year study to undertake research on patterns of reindeer habitat use and utilization of the 
lichen grazing resources and on the movements of wild reindeer in the areas believed to be 
influenced by the road close to the road. The main purpose of the project is to find out to which 
degree the road and/or the traffic generated by the road constitute a barrier for the wild reindeer, 
and if it has a repelling effect on the animals. The NPRA will draw up its recommendation to the 
Parliament on the future management of the road based on the results of the project. The project 
has equipped a total of more than 20 animals with GPS transmitters, providing continuous 
detailed and accurate data on their habitat use and movements (and) position. The GPS units are 
…programmed to register …each animal…each third hour. The data are stored in the computer 
in the collar, which includes a possibility for remote data transfer, and the computer is 
programmed to deliver the data for the last two weeks every second week. The collar also sends 
out a VHF signal, so the animal can be tracked, and the data downloaded to a portable 
computer….Because the fragmentation is the result of the cumulative effects of different 
disturbance sources, the project also aims to…(look) into the relative contribution level of 
disturbance to disturbance from other sources than road traffic, e.g., examples as such are power 
lines, the settlement of cottages and alpine resorts, and recreational use by skiers and snow 
scooters. All contribute to the disturbance of the wild reindeer. Maps of the distribution of 
different reindeer the food resources (e.g., lichens) have been produced both by using field 
surveys and …satellite images. When the preliminary GPS data are compared with the 
distribution of lichen resources, in the area, it is very (apparent) that…that the animals do not use 
the areas richest in lichens: on the outskirts of the plateau and in a zone 5 – 7 km from the road. 
This zone of avoidance also strengthens the barrier effect of the road such that the migration 
routes to and from the North are more or less cut off. This is both a problem of reduced genetic 
flow, and the availability of winter grazing resources. The field work closes in 2005, and the 
results will be presented in 2006. The data will hopefully also give us valuable information about 



the relative disturbance from other all the different disturbance factors, so that action can be 
taken based on the right factors. Future research should focus more on the relative and 
cumulative effects of different disturbance factors, and whether placing selected stretches of the 
road in tunnels can eliminate or reduce the negative effects on reindeer (of) the disturbance from 
the road.” 

Note: “Norwegian wild reindeer do not migrate over huge distances, like caribou or reindeer 
populations found in large arctic tundra areas, but they do have nomadic and seasonal 
movements at a smaller scale between winter, summer, and calving areas.”

5) Joly, Gunn, Côté, Panzacchi, Adamczewski, Suitor, & Gurarie. 2021. Caribou and 
reindeer migrations in the changing Arctic.         

Citation: Joly, K., Gunn, A., Côté, S. D., Panzacchi, M., Adamczewski, J., Suitor, M. J., & 
Gurarie, E. (2021). Caribou and reindeer migrations in the changing Arctic. Animal 
Migration, 8(1), 156–167. https://doi.org/10.1515/ami-2020-0110

URL: https://www.degruyter.com/document/doi/10.1515/ami-2020-0110/html
Location: Canada and Alaska
Herd: Various
Summary (Abstract):” Caribou  and  reindeer,  Rangifer  tarandus,  are  the most numerous and 
socio-ecologically important terrestrial species in the Arctic. Their migrations are directly and  
indirectly  affected  by  the  seasonal  nature  of  the  northernmost  regions,  human  
development  and  population  size;  all  of  which  are  impacted  by  climate  change.  We  
review  the  most  critical  drivers  of  Rangifer  migration  and  how  a  rapidly  changing  Arctic  
may  affect  them.  In  order to conserve large Rangifer populations, they must be allowed free 
passage along their migratory routes to reach seasonal ranges. We also provide some pragmatic 
ideas to help conserve Rangifer migrations into the future.” Elsewhere in the paper, authors 
discuss how migration may be triggered by population abundance, can be limited by 
infrastructure, and change their migratory characteristics over time. “For  example,  the  
percentage  of  collared  Western   Arctic   Herd   female   caribou,   in   northwestern   Alaska,  
migrating  south  during  fall  to  reach  their  south-ern  wintering  grounds  declined  from  82%  
in  2010-2015  to  41%  in  2016-2019”. “The key consideration is that  large  Rangifer  
populations  need  access  to  vast  multi-annual  winter  ranges  to  acquire  sufficient  resources  
and deal with annual extremes in climate. If human-made obstacles, such as roads, railroads, 
villages, hydroelectric lines,  pipelines,  mines,  wind  turbines,  and  oil  and  gas  facilities,  
prevent  caribou  from  migrating,  large  areas  of  key  habitat  can  be  isolated  and  
functionally  lost.” Climate change effects, such as icy ground cover, wildfire, and more biting 
insects will affect migration patterns. “In  the  Arctic,  mining  companies  attempt  to  mitigate  
the  effects  of  ore  hauling  on  caribou  migration through speed restrictions and partial road 
closures … In Canada, (at Meadowbank mine), pre-calving migration was delayed 2-4 days by a 

https://www.degruyter.com/document/doi/10.151


haul road and almost ¾ of the crossings were when  roads  were  closed  to  non-essential  
traffic.” Additional knowledge is needed:
1)  identifying  thresholds  at   which   permeable   barriers   become   impermeable   to   
migrants, 
2)  determining  cumulative  impacts  of  different types  of  human  disturbance,  including  
climatic  changes  [45], 
3)  determining  effectiveness  of  mitigation  measures  for  roads  to  make  them  more  
permeable  (e.g.,  seasonal  use restrictions, use of convoys, vehicle trip limits, speed limits,  
noise  and/or  dust  reduction  measures,  separating responses to hunting from roads, etc.), 
4) identifying and  mapping  migratory  routes  by  integrating  all  sources  of  information,  
including  Indigenous,  local  and  palaeoecological  knowledge,  so  they  can  be  conserved  
[40],  …
“Where (migration) barriers  exist,  or  will  exist,  migrations  will  be  altered  or  lost.  This  
will  have  disproportional  impacts  on  (often  Indigenous)  residents  of  remote  arctic  regions,  
including  on  their  subsistence  harvests,  culture,  economies,  and  well-being.”  
                                                                                                                     
6) Nellemann, Vistnes, Jordhøy, & Strand. 2001. Winter distribution of wild reindeer in 
relation to power lines, roads and resorts.

Citation: Nellemann, C., Vistnes, I., Jordhøy, P., & Strand, O. (2001). Winter distribution of wild 
reindeer in relation to power lines, roads and resorts. Biological Conservation, 101(3), 
351–360. https://doi.org/10.1016/s0006-3207(01)00082-9

URL:https://www.academia.edu/3716293/
Winter_distribution_of_wild_reindeer_in_relation_to_power_lines_roads_and_resorts
Location: Southern Norway
Herd: Wild reindeer
Summary (Abstract): Southern Norway holds the last remaining population of wild reindeer 
(Rangifer tarandus tarandus) in Europe. Roads, railroads, and power lines have fragmented the 
original population into 26 separate herds. The reindeer populations are regulated directly 
according to availability of winter forage. These winter ranges, generally at lower elevations, are 
however, often subjected to development. Effects of infrastructure and associated human activity 
on the distribution of wild reindeer during winter were investigated in the Nordfjella mountain 
region of western Norway. Systematic aerial surveys of the distribution of ca. 2500 reindeer were 
conducted during late winter 1986–1998. Areas within 2.5 km from power lines were used less 
than available in 6 of the 8 sampling years, and areas beyond this zone more than expected. 
Density of reindeer was 79% lower within 2.5 km from power lines compared with background 
areas and increased with increasing distance from infrastructure for comparable habitat. 
Available forage in terms of lichen cover declined 15–30-fold with distance and was lowest in 
the undisturbed areas with the highest density of grazing animals. Areas within 5 km from resorts 
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or from roads and power lines in combination were avoided in all years. Continued construction 
of roads, power lines and cabin resorts endanger these available winter ranges, and hence the 
long term survival of the population.”

7) Schindler, Walker, Davis & Westwood. 2006. Determining effects of an all weather 
logging road on winter woodland caribou habitat use in south-eastern Manitoba.

Citation: Schindler, D. W., Walker, D., Davis, T., & Westwood, R. (2007). Determining effects of 
an all weather logging road on winter woodland caribou habitat use in south-eastern 
Manitoba. Rangifer, 27(4), 209. https://doi.org/10.7557/2.27.4.346

URL: https://septentrio.uit.no/index.php/rangifer/article/view/346
Location: Southern Manitoba
Herd: Owl Lake boreal woodland caribou
Summary (Abstract): “The Owl Lake boreal woodland caribou population is the most southerly 
population in Manitoba. It is provincially ranked as a High Conservation Concern Population. 
Forestry operations exist in the area and there are plans for further forest harvest and renewal. 
The Happy Lake logging road is the only main access through the Owl Lake winter range. This 
logging road is currently closed to the public and access is limited to forestry operations during 
specific times of the year. An integrated forestry/caribou management strategy for the area 
provides for the maintenance of minimum areas of functional habitat. Habitat quality along the 
road was compared to habitat quality in the winter core use areas, within the winter range and 
outside the winter range. To evaluate the extent of functional habitat near the road, we conducted 
animal location and movement analysis using GPS data collected from January 2002 to March 
2006. Habitat quality in the winter range, core use areas and along the road were assessed and 
found to be similar. Analysis of caribou locations and movement illustrate less use of high 
quality habitat adjacent to the Happy Lake Road. Loss of functional habitat is suggested to occur 
within 1 kilometre of the road. This potential loss of functional habitat should be incorporated 
into integrated forestry and caribou conservation strategies. Road management is recommended 
to minimize the potential sensory disturbance and associated impacts of all weather access on 
boreal woodland caribou.”

8) Vistnes & Nellemann. 2001. Avoidance of cabins, roads, and power lines by reindeer 
during calving.

Citation: Vistnes, I., & Nellemann, C. (2001). Avoidance of Cabins, Roads, and Power Lines by 
Reindeer during Calving. The Journal of Wildlife Management, 65(4), 915. https://
doi.org/10.2307/3803040

https://septentrio.uit.no/index.php/rangifer/article/view/346


URL: https://www.jstor.org/stable/3803040?origin=crossref
Location: Northern Norway
Herd: Semi-domesticated reindeer
Summary (Abstract): “We investigated possible avoidance behavior of calving semi-domesticated 
reindeer (Rangifer tarandus tarandus) near recreational cabins, roads, and power transmission lines in 
Repparfjord Valley, northern Norway. The distribution, sex, and general age composition of the reindeer 
were mapped during the 1998 and 1999 calving seasons (n = 776 and n = 678, respectively) using 
systematic snowmobile and ski surveys. Mean reindeer density within preferred habitat was 78% lower in 
the area 4 km from the resort (1.47 vs. 6.68 reindeer/km2, respectively). Mean reindeer density by the 
power line corridor without traffic was 73% lower in the area 4 km from the power line for comparable 
habitat. Areas <4 km from anthropogenic structures were avoided despite low levels of human traffic and 
a high proportion of preferred habitat. Within snow-free sites available for grazing, no significant 
differences occurred in phenological development of cotton-grass (Eriophorum spp.), in live:dead ratio of 
plant material, or in graminoid biomass with distance to the tourist resort. Almost 74% of all available 
forage was located within the avoided 0-4-km zones from the resort or the separate power line. Our 
results suggest that power lines, even without human traffic, may result in substantial reductions in the 
use of foraging areas. The combined actions of power lines, roads, and cabins may increase potential 
avoidance, thereby increasing the use of remaining undisturbed grazing grounds. Possible increased 
competition for high-quality forage may affect lactation, body condition, and, hence, reproductive success 
in the long term.”

9) Whittington et al. 2011. Caribou encounters with wolves increase near roads and 
trails: a time-to-event approach.

Citation: Whittington, J., Hebblewhite, M., DeCesare, N. J., Neufeld, L., Bradley, M., 
Wilmshurst, J., & Musiani, M. (2011). Caribou encounters with wolves increase near 
roads and trails: a time-to-event approach. Journal of Applied Ecology, 48(6), 1535–
1542. https://doi.org/10.1111/j.1365-2664.2011.02043.x

URL: https://wolfwatcher.org/wp-content/uploads/2020/10/Whittington-et-al-2011-Caribou-
wolf-encounter-near-linear-features-JApplEcol-1.pdf 
Location: Banff and Jasper National Parks. Alberta 
Herd: Woodland caribou
Summary (Abstract)
 1. Caribou and reindeer Rangifer tarandus are declining across North America and Scandinavia in part 
from wolf Canis lupus-mediated apparent competition with more abundant ungulate prey species. While 
caribou generally persist in areas with low wolf density, wolf packs that overlap caribou ranges could 
trigger caribou declines. Moreover, anthropogenic linear features such as roads, trails and seismic lines 
are hypothesized to increase predation risk for caribou, yet few studies have examined the mechanistic 
effects of linear features or spatial overlap on wolf–caribou encounter rates and predation risk.
2. We used (a) time-to-event models of wolf–caribou encounters estimated from concurrent global 
positioning system (GPS) radio-collar data from wolves and caribou and (b) wolf resource selection 
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models of travel locations, to determine the potential influence of wolf–caribou spatial overlap, linear 
features, elevation and season on encounter rates. Analyses were based on data from 35 adult female 
caribou and 37 male and female wolves from 11 wolf packs from Banff and Jasper National Parks, 
Canada, from 2002 until 2010. 
3. Wolf–caribou encounter rates increased with high wolf–caribou overlap, proximity to linear features 
and lower elevations. Wolves strongly selected low elevations, especially during winter and spring. 
Selection for linear features as travel routes increased with elevation.
4. Caribou risk of encounter was highest during the summer and autumn when wolves spent the most time 
at high elevations. Most wolf-caused mortalities (n = 12) occurred during spring and summer. 
5. Synthesis and applications. The presence of anthropogenic linear features and the amount of time 
wolves spend in caribou range could be equally as important as wolf density when prioritizing caribou 
recovery actions such as wolf or primary prey reductions or re-introductions. The use of GPS locations 
and time-to-event modelling offers a powerful tool for evaluating factors affecting predation risk of 
threatened and endangered species.”
Note: This area consists of montane and subarctic forested ecoregions.

10) Wilson, Gustine, & Joly. 2014. Evaluating potential effects of an industrial road on 
winter habitat of caribou in North-Central Alaska.

Citation: Wilson, R. R., Gustine, D. D., & Joly, K. (2014). Evaluating Potential Effects of an 
Industrial Road on Winter Habitat of Caribou in North-Central Alaska. ARCTIC, 67(4), 
472. https://doi.org/10.14430/arctic4421

URL:https://www.researchgate.net/publication/
269111893_Evaluating_Potential_Effects_of_an_Industrial_Road_on_Winter_Habitat_of_Carib
ou_in_North-Central_Alaska 
Location: North-central Alaska
Herd: Western Arctic 
Summar (Abstract): “Worldwide, some caribou (Rangifer tarandus) populations are experiencing 
declines due partially to the expansion of industrial development. Caribou can exhibit behavioral 
avoidance of development, leading to indirect habitat loss, even if the actual footprint is small. 
Thus, it is important to understand before construction begins how much habitat might be 
affected by proposed development. In northern Alaska, an industrial road that has been proposed 
to facilitate mining transects a portion of the Western Arctic caribou herd's winter range. To 
understand how winter habitat use might be affected by the road, we estimated resource selection 
patterns during winter for caribou in a study area surrounding the proposed road. We assessed the 
reductions of habitat value associated with three proposed routes at three distance thresholds for 
disturbance. High-value winter habitat tended to occur in locally rugged areas that have not 
burned recently and have a high density of lichen and early dates of spring snowmelt. We found 
that 1.5% to 8.5% (146-848 km2) of existing high-value winter habitat in our study area might be 
reduced in quality. The three alternative routes were only marginally different. Our results 
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suggest that the road would have minimal direct effects on high-value winter habitat; however, 
additional cumulative impacts to caribou (e.g., increased access by recreationists and hunters) 
should be considered before the full effects of the road can be estimated.”

11) Wilson, Parrett, Joly, & Dau. 2016. Effects of roads on individual caribou movements 
during migration.

Citation: Wilson, R. R., Parrett, L. S., Joly, K., & Dau, J. R. (2016). Effects of roads on 
individual caribou movements during migration. Biological Conservation, 195, 2–8. 
https://doi.org/10.1016/j.biocon.2015.12.035

URL:https://www.researchgate.net/publication/
289506106_Effects_of_roads_on_individual_caribou_movements_during_migration
Location: Northwestern Alaska 
Herd: Western Arctic and Teshekpuk 
Summary (Abstract): Long distance migrations by large mammals are increasingly imperiled by 
human development. We studied autumn migratory patterns of caribou (Rangifer tarandus) in 
relation to an industrial road in northwestern Alaska. We built null movement models to 
determine the expected time to cross the road if caribou movements were not affected by the 
road. We then identified individuals that took longer to cross than expected (slow crossers) and 
those that did not differ from that expected from the null model (normal crossers). We identified 
eight as slow and 20 as normal crossers. Slow crossers took an average of 33.3 ± 17.0 (±SD) 
days to cross the road compared to 3.1 ± 5.5 days for normal crossers. Slow crossers had an 
average crossing date of 8 Nov. ± 7.7 days versus 25 Oct. ± 20.6 days for normal crossers. 
Movement rates of the two classes did not differ before crossing the road, but slow crossers 
moved N1.5 times as fast as normal crossers after crossing the road. Movement patterns were 
partially explained by environmental attributes but were most strongly affected by how far a 
caribou was from the road and whether it was classified as slow or normal crosser. While 
avoidance is an important aspect of the effects of roads on populations, our results show the 
importance of other factors, such as how long individuals are delayed in crossing when assessing 
the influence of development on wildlife.
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2.4 Caribou and Cumulative Effects Including Mines

1) Boulanger, Poole, Gunn, Adamczewski, & Wierzchowski. 2021. Estimation of trends 
in zone of influence of mine sites on barren-ground caribou populations in the Northwest 
Territories, Canada, using new methods.

Citation: Boulanger, J., Poole, K. G., Gunn, A., Adamczewski, J., & Wierzchowski, J. (2021). 
Estimation of trends in zone of influence of mine sites on barren-ground caribou 
populations in the Northwest Territories, Canada, using new methods. Wildlife Biology, 
2021(1). https://doi.org/10.2981/wlb.00719

URL: https://bioone.org/journals/wildlife-biology/volume-2021/issue-1/wlb.00719/Estimation-
of-trends-in-zone-of-influence-of-mine-sites/10.2981/wlb.00719.full
Location: Ekati and Diavik Mines, Northwest Territories
Herd: Bathurst
Summary (Abstract-extracts): “The zone of influence (ZOI) is the area in the vicinity of industrial 
development where avoidance by caribou Rangifer tarandus or other wildlife species is observed. Here 
we examine ZOI around two diamond mines in the Northwest Territories (NWT), Canada from 1998 to 
2017. In this paper, we further develop segmented/piecewise regression methods to analyze collar 
location and aerial survey data with a focus on yearly trend in ZOI for the Bathurst caribou herd. A base 
habitat model was initially formulated to account for habitat selection around mines followed by 
estimation of ZOI distance and magnitude. Seasonal ranges of the herd contracted from 2009 to 2017 due 
to decline in herd size, which influenced the distribution of caribou relative to the mines as well as larger 
scale habitat selection. Significant ZOI's occurred for aerial survey and/or collar data in 9 of 15 years 
from 2003 to 2017 when both mines were in full operation, with ZOI distances ranging from 6.1 to 18.7 
km. Non-significant ZOI's occurred from 1998 to 2002 before both mines were fully operational. Caribou 
were attracted to lakes in drought years which significantly influenced distribution relative to mines as 
well as the magnitude of the ZOI detected. The ZOI extent averaged 7.2 km (CI = 3.8–10.5) when 
standardized for mean levels of drought. Our analysis suggests that ZOI varies both annually and spatially 
because of the location of mines relative to habitat selection and seasonal range size. Therefore, exacting 
analysis methods that account for these sources of variation are required for robust ZOI estimates. 
Segmented regression methods have become available in the R statistical program that allow flexible ZOI 
estimation for implementation of the methods in this study for caribou or other wildlife species.
An ongoing challenge in wildlife conservation is to assess how wildlife species interact with 
human infrastructure and how this interaction is related to changing environmental conditions 
and demography. Migratory tundra caribou and wild reindeer, Rangifer tarandus 
groenlandicus and R. t. tarandus, respectively, respond to human activities over different scales 
of distances, which are typically several kilometers (Vistnes and Nelleman 2008). The distance 
from infrastructure where the effect of disturbance on habitat selection diminishes to background 
levels is termed the ‘zone of influence’ (Nellemann and Cameron 1996, Boulanger et al. 2012). 
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Aboriginal elders have also commented on caribou avoidance of mines based on their expert 
knowledge (Tlicho Research and Training Institute 2013). Monitoring the zone of influence 
(ZOI) helps verify environmental assessment impact predictions, test the effectiveness of 
mitigation measures, and is the basis of an approach to quantify the energetic cost of caribou 
avoidance of mine vicinity. Estimates of ZOI for migratory tundra caribou differ among studies. 
Note: This study estimated yearly ZOI using aerial and collar data to see yearly trends in ZOI 
difference and magnitude for the Bathurst herd, using the R statistical program and segmented 
regression. Yearly and spatial variation was noted. The authors suggest that ZOI be calculated 
yearly due to variations in mine-related, climate and demographic factors.

2) Boulanger, Poole, Gunn, & Wierzchowski. 2012. Estimating the zone of influence of 
industrial developments on wildlife: a migratory caribou (Rangifer tarandus 
groenlandicus) and diamond mine case study.

Citation: Boulanger, J., Poole, K. G., Gunn, A., & Wierzchowski, J. (2012). Estimating the zone 
of influence of industrial developments on wildlife: a migratory caribou Rangifer 
tarandus groenlandicus and diamond mine case study. Wildlife Biology, 18(2), 164–179. 
https://doi.org/10.2981/11-045

URL: https://bioone.org/journals/wildlife-biology/volume-18/issue-2/11-045/Estimating-the-
zone-of-influence-of-industrial-developments-on-wildlife/10.2981/11-045.full
Location: Diamond mines, Northwest Territories
Herd: Bathurst
Summary (Abstract): Wildlife species may respond to industrial development with changes in 
distribution. However, discerning a response to development from differences in habitat selection 
is challenging. Since the early 1990s, migratory tundra Bathurst caribou Rangifer tarandus 
groenlandicus in the Canadian Arctic have been exposed to the construction and operation of two 
adjacent open-pit mines within the herd's summer range. We developed a statistical approach to 
directly estimate the zone of influence (area of reduced caribou occupancy) of the mines during 
mid-July-mid-October. We used caribou presence recorded during aerial surveys and locations of 
satellite-collared cow caribou as inputs to a model to account for patterns in habitat selection as 
well as mine activities. We then constrained the zone of influence curve to asymptote, such that 
the average distance from the mine complex where caribou habitat selection was not affected by 
the mine could be estimated. During the operation period for the two open-pit mines, we detected 
a 14-km zone of influence from the aerial survey data, and a weaker 11-km zone from the 
satellite-collar locations. Caribou were about four times more likely to select habitat at distances 
greater than the zone of influence compared to the two-mine complex, with a gradation of 
increasing selection up to the estimated zone of influence. Caribou are responding to industrial 
developments at greater distances than shown in other areas, possibly related to fine dust 
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deposition from mine activities in open, tundra habitats. The methodology we developed 
provides a standardized approach to estimate the spatial impact of stressors on caribou or other 
wildlife species.

The impact of industrial development on wildlife is a frequent and worldwide concern, and this 
is especially true for long-distance migrants whose traditional routes can be threatened by 
industrial developments (Berger 2004). Those long-distance migrant species include migratory 
tundra caribou Rangifer tarandus groenlandicus, and shifts in caribou distribution in response to 
human activities have been the focus of much research (e.g. Nellemann et al. 2003, 2010, Vistnes 
& Nellemann 2008, Polfus et al. 2011). However, comparing findings among studies is 
complicated by different methodologies and scales of disturbance (Stankowich 2008). 
Differences in results from analyses of the same data sets can trigger controversy (Noel et al. 
2004, Joly et al. 2006), detracting from effective conservation and mitigation for species that 
may be impacted by industrial development.

We became interested in measuring displacement of migratory tundra caribou when investigating 
the impact of mine development on the Bathurst caribou herd on the central Canadian tundra (i.e. 
Northwest Territories and Nunavut). Migratory tundra caribou is a gregarious and migratory 
ungulate with ecological similarities to other open habitat, gregarious ungulates in Africa and 
Asia which face industrial developments on their ranges (e.g. Mongolian gazelles Procapra 
gutturosa; Ito et al. 2005).

The Bathurst caribou herd has declined since 1996 from an estimated 349,046 (± 204,975 CI) to 
31,897 (± 10,932) caribou in 2009 (Nishi et al. 2010, Boulanger et al. 2011). The decline adds 
urgency toward understanding the cumulative effects of industry, harvest and other stressors. 
From the early 1990s onward, Bathurst caribou have been exposed to a boom in mining 
exploration, which culminated in the construction of two open-pit mines and one underground 
diamond mine on the tundra range of the herd between 1996 and 2005. During and after 
environmental assessment hearings for the diamond mines, strong concerns were expressed 
about how the mines would affect caribou movements and distribution (Boulanger et al. 
2004, Johnson et al. 2005). The distance at which caribou change their behaviour, habitat 
selection and distribution relative to disturbance, which we term the ‘zone of influence’, has 
implications for measuring the cumulative effects of industrial activities on wildlife, especially 
where there are multiple projects (Duinker & Greig 2007).

Previous estimates of the distances over which caribou were displaced from industrial 
disturbance were based on recording the frequencies of caribou occurrence relative to distance 
from the source of disturbance (e.g. Nellemann et al. 2000, Cameron et al. 2005, Joly et al. 
2006), and fitting polynomial curves to distances of caribou from disturbances (Boulanger et al. 
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2004, Johnson et al. 2005, Golder Associates Ltd. 2008a,b). Estimates of displacement for the 
Bathurst caribou herd using satellite collar and aerial survey data using polynomial-based 
methods ranged from 17 to 130 km (Boulanger et al. 2004, Johnson et al. 2005, Golder 
Associates Ltd. 2008a,b). We suspected that the large differences in the apparent zone of 
influence were the effect of scale (ranges of distances considered in the analysis), and uncertainty 
in the exact distance due to the curvilinear nature of polynomial curves. A recent literature 
review and simulation study by Ficetola & Denoel (2009) demonstrated that the method used to 
detect threshold effect distances in ecology had substantial effect on estimates, which further 
supported our suspicion.

The primary objectives of our study was to derive a robust statistical measurement of the zone of 
influence and determine mechanisms for estimated zones of influence We adopted a piecewise 
regression method that fit the hypothesized asymptotic zone of influence threshold relationship 
by estimating the exact distance out to which mines affected caribou distribution while 
accounting for habitat selection. We furthered the piecewise methodology by fitting models that 
were robust to sample biases in our data sets and by estimating confidence limits on zones of 
influence and associated statistics. The scale of the zone of influence raises the question of 
possible mechanisms. Given the zone of influence, we explored dustfall as a potential 
mechanism that may contribute to the changed caribou distribution beyond behavioural 
responses to people, physical structures and vehicles. We suggest that this methodology is 
applicable to the estimation of spatial response of any wildlife species to stressors.”

Note: The authors mention “One factor that correlates to the scale of the response is dustfall. 
Although dustfall has been described for its effects on vegetation (Myers-Smith et al. 2006), little 
is known about the response of herbivores to dust on forage…. our analyses suggest that caribou 
avoid habitats with even low levels of predicted TSP (total suspended particles). While caribou 
distribution around the immediate mine area may also be affected by non-dustfall sensory 
disturbance, we show that the larger 14-km ZOI for caribou did coincide with the predicted 
geographic scale of dustfall (see Figs. 7 and 8), suggesting that TSP may be a mechanism for 
reduced use by caribou of areas within the estimated ZOI.”

3) Calef, DeBock,& Lortie. 1976. The reaction of barren-ground caribou to aircraft.

Citation: Calef, G. W., DeBock, E. A., & Lortie, G. M. (1976). The reaction of barren-ground 
caribou to aircraft. ARCTIC, 29(4). https://doi.org/10.14430/arctic2805

URL: https://pubs.aina.ucalgary.ca//arctic/Arctic29-4-201.pdf
Location: Northern Yukon and Alaska 
Herd: Porcupine
Summary (Abstract): “The responses of barren-ground caribou to fixed-wing aircraft and to 
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helicopters were observed in the northern Yukon and Alaska. Effects of aircraft altitude, type of 
aircraft, season and terrain were determined together with the activity and size of group of the 
caribou. Panic reactions or strong escape reactions were observed in a high percentage of all 
groups when aircraft flew at altitudes of less than 60 metres. Flying at a minimum aircraft 
altitude of 150 metres during spring and fall migrations, and 300 metres at other periods, would 
prevent the caribou reacting in the ways most immediately injurious to them.”

4) Cameron, Reed, Dau & Smith. 1992. Redistribution of calving caribou in response to 
oil field development on the Arctic Slope of Alaska.

Citation: Cameron, R. D., Reed, D. J., Dau, J. R., & Smith, W. T. (1992). Redistribution of 
Calving Caribou in Response to Oil Field Development on the Arctic Slope of Alaska. 
ARCTIC, 45(4). https://doi.org/10.14430/arctic1412

URL: https://journalhosting.ucalgary.ca/index.php/arctic/article/view/64467
Location: North Slope, Alaska
Herd: Central Arctic Herd
Summary (Abstract): “Aerial surveys were conducted annually in June 1978-87 near Prudhoe 
Bay, Alaska, to determine changes in the distribution of calving caribou (Rangifer tarandus 
granii) that accompanied petroleum-related development. With construction of an oil field access 
road through a calving concentration area, mean caribou density (no./kirT) decreased from 1.41 
to 0.31 (P = 0.05) within 1 km and increased from 1.41 to 4.53 (P = 0.04) 5- 6 km from the road. 
Concurrently, relative caribou use of the adjacent area declined (P < 0.02), apparently in response 
to increasing surface development. We suggest that perturbed distribution associated with roads 
reduced the capacity of the nearby area to sustain parturient females and that insufficient spacing 
of roads may have depressed overall calving activity. Use of traditional calving grounds and of 
certain areas therein appears to favor calf survival, principally through lower predation risk and 
improved foraging conditions. Given the possible loss of those habitats through displacement 
and the crucial importance of the reproductive process, a cautious approach to petroleum 
development on the Arctic Slope is warranted.” Elsewhere in the paper, the authors note that 
barren-ground caribou have ben exposed to oil field development since the 1970’s. After 
construction of the road system (Milne Point) studied in the article, “caribou were found to be 
significantly less numerous within 1 km of roads and significantly more numerous 5-6 km from 
roads.” However authors suggest that the “preference for calving areas is based on large scale 
upon predator and insect avoidance but specific areas are chosen for best forage, which was seen 
to be dry tundra with early-appearing plants” 

5) Cameron, Smith, White, & Griffith. 2010. Central Arctic caribou and petroleum 
development: distributional, nutritional, and reproductive implications.
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Citation: Cameron, R. D., Smith, W. T., White, R. G., & Griffith, B. (2010). Central Arctic 
Caribou and Petroleum Development: Distributional, Nutritional, and Reproductive 
Implications. ARCTIC, 58(1). https://doi.org/10.14430/arctic382

URL: https://journalhosting.ucalgary.ca/index.php/arctic/article/view/63443
Location: North Slope, Alaska 
Herd: Central Arctic Herd
Summary (Abstract): “We synthesize findings from cooperative research on effects of petroleum 
development on caribou (Rangifer tarandus granti) of the Central Arctic Herd (CAH). The CAH 
increased from about 6000 animals in 1978 to 23 000 in 1992, declined to 18 000 by 1995, and 
again increased to 27 000 by 2000. Net calf production was consistent with changes in herd size. 
In the Kuparuk Development Area (KDA), west of Prudhoe Bay, abundance of calving caribou 
was less than expected within 4 km of roads and declined exponentially with road density. With 
increasing infrastructure, high-density calving shifted from the KDA to inland areas with lower 
forage biomass. During July and early August, caribou were relatively unsuccessful in crossing 
road/pipeline corridors in the KDA, particularly when in large, insect-harassed aggregations; and 
both abundance and movements of females were lower in the oil field complex at Prudhoe Bay 
than in other areas along the Arctic coast. Female caribou exposed to  petroleum development  
west of the  Sagavanirktok  River may have consumed less forage during  the  calving  period  
and experienced lower energy balance during the midsummer insect season than those under 
disturbance-free conditions east of the river. The probable consequences were poorer body 
condition at breeding and lower parturition rates for western females than for eastern females 
(e.g., 1988 – 94: 64% vs. 83% parturient, respectively; p = 0.003), which depressed the 
productivity of the herd. Assessments of cumulative effects of petroleum development on caribou 
must incorporate the complex interactions with a variable natural environment.”
Note: The authors caution that “favorable foraging and insect conditions would attenuate 
the consequences of disturbance-induced changes in the quality of habitats occupied. 
Conversely, adverse conditions would  exacerbate  those  same  types  of  
consequences  (e.g., NRC, 2003:114–115). Unless analyses are based on multi-year  
observations  of  marked  individuals  and  incorporate comparative  data  on  an  
undisturbed  control  or  reference group, conclusions will be equivocal at best.”

6) Gunn et al. 2011. Understanding the cumulative effects of human activities on barren-
ground caribou.

Citation: Gunn, A., Johnson, C. J., Nishi, J. S., Daniel, C. J., Russell, D. E., Carlson, M., & 
Adamczewski, J. Z. (2011). Understanding the Cumulative Effects of Human Activities 
on Barren-Ground Caribou. In P. R. Krausman & L. K. Harris (Eds.), Cumulative Effects 
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in Wildlife Management Impact Mitigation (pp. 113–133). Boca Raton: CRC Press.
URL:https://www.academia.edu/
693571/8_Understanding_the_Cumulative_Effects_of_Human_Activities_on_Barren_Ground_C
aribou
Location: Northwest Territories
Herd: Bathurst
Summary: The authors note the difficulty in conducting cumulative effects assessments (CEA). 
“The absence of systematic approaches to identify, evaluate, and respond to regional/territorial 
cumulative effects has been identified in recent regulatory reviews (Government of Northwest 
Territories 2009) and environmental assessment hearings…The technical challenge for defining 
and estimating cumulative effects is threefold. First, scaling up from project-specific to regional 
effects requires estimating the likelihood of additional industrial projects that are plausible but do 
not yet exist. Second, spanning the gap between assessing effects at the project-specific scale up 
to the regional scale requires identification of appropriate temporal and spatial scales and study 
boundaries (Vistnes and Nellemann 2008). Third, an assessment of cumulative effects requires 
pathways that integrate individual and population-level wildlife responses to single and multiple 
projects…we describe a conceptual framework and supporting methods for assessing the 
cumulative effects of industrial development for the Bathurst caribou herd, a migratory herd of 
barren-ground caribou (R.t. groenlandicus) in the NT (Figure 8.1). We focused at the regional 
rather than the project-specific level.” The authors develop a n integrated modelling framework, 
starting with a species-specific distribution model for caribou affected by development; next, a 
model for how caribou respond to human disturbance and environmental activity, showing these 
effects on a female  caribou based upon energy and growth simulations. Female caribou are 
studied because birth rates  response to disturbance feeds into the cumulative model, which also 
takes into account factors such as landscape, insect, climate and climate change. “Given these 
cumulative impacts and uncertainties, governments, caribou users, and industry will have to 
collaborate to maintain the space that caribou need to cope with landscape changes. Our 
integrated modeling will help people to work together, and the model outputs provide 
perspective on the potential risks of development scenarios.”

7) Herrmann et al. 2014. Effects of mining on reindeer/caribou populations and 
indigenous livelihoods: community-based monitoring by Sami reindeer herders in 
Sweden and First Nations in Canada.

Citation: Herrmann, T. M., Sandström, P., Granqvist, K., D’Astous, N., Vannar, J., Asselin, H., … 
Cuciurean, R. (2014). Effects of mining on reindeer/caribou populations and indigenous 
livelihoods: community-based monitoring by Sami reindeer herders in Sweden and First 
Nations in Canada. The Polar Journal, 4(1), 28–51. https://doi.org/10.1080/2154896x.
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2014.913917
URL: https://portail.uqat.ca/prf/fr/Hugo-Asselin/PublishingImages/Pages/Publications/
Herrmann_et_al_Polar_J_2014.pdf
Location: Sweden and Quebec 
Herd: semi-domesticated reindeer (Sweden) and woodland caribou (Quebec)
Summary (Abstract): “This paper explores the effects of human disturbances associated with 
mine development in the Arctic on habitat and populations of reindeer/caribou (both Rangifer 
tarandus), and implications for reindeer husbandry and caribou hunting of indigenous Sami 
people in Sweden and First Nations in Canada. Through three case studies, we illustrate how 
Cree and Naskapi communities develop community-based geospatial information tools to collect 
field data on caribou migration and habitat changes, and how Sami reindeer herders use GIS to 
gather information about reindeer husbandry to better communicate impacts of mining on 
reindeer grazing areas. Findings indicate impacts on the use of disturbed habitat by reindeer/
caribou, on migration routes, and northern livelihoods. The three cases present novel methods for 
community-based environmental monitoring, with applications in hazards mapping and denote 
the active engagement of indigenous communities in polar environmental assessments, 
generating community-oriented data for land use management decisions. They also illustrate how 
technology can lead to better communication and its role for empowerment.” 

Elsewhere in the paper, the authors wrote: “The data collected by the Sami RHCs showed that 
transportation corridors would significantly affect reindeer husbandry as they create linear barriers 
perpendicular to reindeer migrations routes and cross reindeer key and core habitat areas. The data 
collected by the Cree showed that the road to the mine crosses the traditional caribou hunting grounds of 
Cree families, disrupting the habitat. Naskapi hunters observed avoidance behavior of caribou around the 
mining sites and the transportation corridors, and population fragmentation. In all three case studies, other 
effects (e.g. hydroelectric development, roads, and climate change) exacerbated the impacts of mining on 
reindeer/caribou.” The authors also noted, with regard to the Raglan mine: “Of concern to the Naskapi, 
and other First Nation and Inuit communities, is also the mining exploration and exploitation near the 
calving grounds, the Raglan nickel mine near Kangiqsujuaq, which results in dislocation of calving 
areas.”
Note: This study was done before the first turbine at Raglan Mine was erected (2014). 
Suggestion: This method might be one to examine for use at the proposed Nunavut turbines?

8) Hornseth & Rempel. 2016. Seasonal resource selection of woodland caribou 
(Rangifer tarandus caribou) across a gradient of anthropogenic disturbance.

Citation: Hornseth, M. L., & Rempel, R. S. (2016). Seasonal resource selection of woodland 
caribou (Rangifer tarandus caribou) across a gradient of anthropogenic disturbance. 
Canadian Journal of Zoology, 94(2), 79–93. https://doi.org/10.1139/cjz-2015-0101

URL: https://cdnsciencepub.com/doi/10.1139/cjz-2015-0101
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Location: Northern Ontario
Herd: Boreal woodland caribou

Summary (Abstract): Resource selection functions are useful tools for land-use planning, 
especially for wide-ranging species with sensitivity to anthropogenic disturbance. We evaluated 
five a priori hypotheses describing seasonal habitat selection of woodland caribou (Rangifer 
tarandus caribou (Gmelin, 1788)) across three regions in northern Ontario. Two regions were 
Boreal Shield dominated, one area with relatively high anthropogenic disturbance (due to 
commercial forestry) and the other with relatively low anthropogenic disturbance. The final 
region was located on the wetland-dominated Hudson Bay Lowlands. Each region encompassed 
two caribou management ranges: one was used for model development and the other for model 
evaluation. We developed seasonal resource selection probability functions using seasonal 
utilization distributions and isopleths derived from GPS collar data (from 212 caribou) to 
identify high- and low-use areas. We explored selection across five spatial scales; selection 
patterns were strongest at the 10 000 ha scale. We found temporal and spatial variations in all 
environmental predictors across ranges and seasons, especially in the Hudson Bay Lowlands. 
Our results consistently supported the integrated global model (with common variables but 
range-specific coefficients) where caribou habitat use is related to minimizing apparent 
competition with moose (Alces alces (L., 1758)) while avoiding disturbed areas, and utilizing 
areas with adequate forage.”

Elsewhere in paper, the authors note: “Critical habitat is defined as “the resources and 
environmental conditionals required for persistence of local populations of boreal caribou 
throughout their current distribution in Canada” (Environment Canada 2008). This requires a 
scale-appropriate approach, which was identified as the local population range (Environment 
Canada 2008). However, caribou select habitat at a range of scales to attain their life history 
needs. Patterns of selection can vary with spatial scale; at a fine scale caribou select habitats with 
adequate forage, while at a broad scale caribou select habitats with lower predation risk.
The study method showed that “the most important landscape features necessary to ensure a self-
sustaining caribou population within a range can be identified. Linear features were selected 
against in all ranges and naturally disturbed areas were also largely avoided, regardless of 
location. However, the strength of selection differed across ranges and seasons, similar to 
differences in the zones of influence for central mountain caribou (Johnson et al. 2015).”

9) Johnson et al. 2005. Cumulative effects of human developments on Arctic wildlife.

Citation: Johnson, C. J., Boyce, M. S., Case, R. L., Cluff, H. D., Gau, R. J., & Mulders, R. 
(2005). Cumulative Effects of Human Developments on Arctic Wildlife. Wildlife 
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Monographs, (160).
URL: https://www.researchgate.net/publication/
232271565_Cumulative_Effects_of_Human_Developments_on_Arctic_Wildlife
Location: Contwoyto Lake, Northwest Territories (including Ekati. Diavik and Lupin mines)
Herd: Bathurst

Summary (Abstract): “Recent discoveries of diamondiferous kimberlite deposits in the Canadian 
central Arctic led to unprecedented levels of mineral exploration and development. The 
cumulative effects of such activities are an issue of concern for government regulatory agencies, 
regional and international conservation organizations, wildlife managers, and indigenous 
peoples. We investigated the impacts of human activities and associated infrastructure on the 

distribution of Arctic wildlife in 190,000 km2 of the Taiga Shield and Southern Arctic ecozones 
400 km northeast of Yellowknife, Northwest Territories, Canada.

We used covariates for vegetation, interspecific interactions, and human disturbance features to 
develop seasonal resource-selection models for barren-ground caribou (Rangifer tarandus 
groenlandicus), gray wolves (Canis lupus), grizzly bears (Ursus arctos), and wolverines (Gulo 
gulo). We used an information-theoretic approach to select 11 seasonal models for the 4 species. 
Nine models were good predictors of species occurrence and vegetation covariates were 
important components of all models. Mines and other major developments had the largest 
negative affect on species occurrence, followed by exploration activities, and outfitter camps. We 
did not, however, record strong avoidance responses by all species during all seasons to each 
disturbance type (i.e., major developments, mineral exploration sites, outfitter camps) and for 
some models carnivores selected for disturbance features (i.e., occurred closer to sites than 
comparison random locations). We used a geographic information system (GIS) to extrapolate 
each seasonal resource-selection model to the study area and quantified the reduction in habitat 
effectiveness as a function of modeled and hypothetical disturbance coefficients. Across all 
models, grizzly bears and wolves demonstrated the strongest negative response to disturbance 
and corresponding reduction in habitat effectiveness, followed by caribou and wolverines. The 
largest seasonal effect was recorded for caribou during the post-calving period, where model 
coefficients suggested a 37% reduction in the area of the highest quality habitats and an 84% 
increase in the area of the lowest quality habitats.

This is the first study to demonstrate the cumulative effects of multiple sources of human 
disturbance for caribou, wolves, bears, and wolverines found across the Canadian central Arctic. 
Resource selection models and corresponding maps of important habitats can be used to guide 
and evaluate future development proposals and can serve as a component of a regional 
environmental assessment. However, inferences from large-scale modeling efforts should be 
carefully evaluated when making detailed prescriptive recommendations. Study design, sample 
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size, reliability of GIS data, and accuracy of model predictions are important considerations 
when evaluating the strength and scale of inference of correlative resource selection studies such 
as this. We recommend that regional cumulative effects analyses serve as the coarsest framework 
for understanding the impacts of human developments on wide-ranging animals. Monitoring and 
research should be conducted at various behavioral scales leading to a body of knowledge that 
fully describes the range and strength of impacts resulting from cumulative effects.”

Elsewhere in the paper, authors note that not only does infrastructure provide a direct loss of 
habitat, and causes avoidance, but can also fragment and isolate habitats, and disrupt breeding or 
rearing. They also caution that “implications to vital rates and ultimately  to  populations  are  not  
well  studied  or  understood  (Wolfe  et  al.  2000);  caribou can adjust behaviorally to accommodate 
some  levels  of  disturbance  (Johnson  and Todd 1977, (highway crossing) Duchesne et al. 2000, 
(ecotourism) ,Colman et al. 2001), (humans on foot); and disturbance responses do not always infer 
considerable energetic costs (Tyler 1991) (snowmobiles)”  

10) Johnson, Ehlers, and Seip. 2015. Witnessing extinction – Cumulative impacts across 
landscapes and the future loss of an evolutionarily significant unit of woodland caribou in 
Canada.

Citation: Johnson, C. J., Ehlers, L. P. W., & Seip, D. R. (2015). Witnessing extinction – 
Cumulative impacts across landscapes and the future loss of an evolutionarily significant 
unit of woodland caribou in Canada. Biological Conservation, 186, 176–186. https://
doi.org/10.1016/j.biocon.2015.03.012

URL: https://www-sciencedirect-com.proxy.library.carleton.ca/science/article/pii/
S0006320715001160
Location: South Peace River Region, British Columbia
Herd: Central Mountain caribou
Summary (Abstract): “Habitat change is a major driver of species distribution and persistence, 
but there have been few recorded extinction events for terrestrial mammals across Canada. 
Currently, we are observing the decline, extirpation, and perhaps extinction of several 
evolutionarily significant units of woodland caribou (Rangifer tarandus caribou), an iconic and 
cultural keystone species. We used an extensive set of caribou locations (5 subpopulations, 102 
animals, 270,808 GPS-collar locations) collected over 11 years within the Central Mountain 
Designatable Unit to develop species distribution models that quantified avoidance by caribou of 
anthropogenic and natural disturbance features. Those empirical relationships allowed us to 
measure the loss of habitat over a 22-year period and correlate habitat change with measured 
population decline. The disturbance responses for caribou were complex and varied by season 
and subpopulation. We modelled a zone of influence for roads (1.75 km), seismic and pipelines 
(2.5 km), oil and gas features (4.25 km), cutblocks (5.5 km), burns (8.0 km), and coal mines 
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(3.0 km). When the distribution models for each subpopulation were applied to the respective 
seasonal ranges, we measured a maximum loss in high-quality habitat of 65.9%. The reduction in 
habitat was strongly correlated with the annual multiplicative growth rate of 5 subpopulations of 
caribou. At current rates of habitat loss and population decline, these caribou, a significant 
component of Canada’s biodiversity, are unlikely to persist. Although the factors leading to 
extinction are complex, the cumulative impacts of industrial development are a correlative if not 
causative factor.”

11) Johnson & Russell. 2014.Long-term distribution responses of a migratory caribou 
herd to human disturbance.

Citation: Johnson, C. J., & Russell, D. E. (2014). Long-term distribution responses of a 
migratory caribou herd to human disturbance. Biological Conservation, 177, 52–63. 
https://doi.org/10.1016/j.biocon.2014.06.007

URL: https://www.sciencedirect.com/science/article/abs/pii/S0006320714002341
Location: Alaska, Yukon, Northwest Territories
Herd: Porcupine
Summary (Abstract): “Caribou and reindeer (Rangifer spp.) are known to respond negatively to 
human activities. Disturbance stimuli can result in short-term behavioural responses or the 
abandonment of portions of seasonal range. There is relatively little understanding, however, of 
the ability of caribou to adapt or habituate to long term human-caused disturbance. We fit species 
distribution models to 27 years of location data collected for the Porcupine caribou herd (Alaska, 
USA; Yukon and Northwest Territories, Canada) during winter. We used a novel technique to 
quantify the avoidance responses and zone of influence associated with human settlements, main 
roads and minor disturbance features including wells, trails, and seismic lines. We hypothesised 
that during the early period of monitoring (1985–1998), caribou would demonstrate a greater 
sensitivity to human disturbance and a larger zone of influence relative to industrial 
development. Consistent with the assumed level and timing of disturbance, caribou demonstrated 
the strongest avoidance response to settlements, followed by main roads and minor disturbance 
features. The data suggested that avoidance, noted as the zone of influence, was less during the 
more recent time period (1999–2012), but still relatively large when compared to the reported 
disturbance responses of other populations of Rangifer. A precise habituation response was 
obscured by uncertainty in the data describing human activities and variation in the distribution 
and population dynamics of the herd for such an extensive time period. These results suggest that 
the large-scale behavioural responses of wide-ranging mammals to disturbance stimuli are 
dynamic. The study of such responses requires accurate data describing human activities as well 
as long-term monitoring and periodic evaluation.”
Note: Abstract only is available free of charge on internet. Article itself not accessed.
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12) Johnson, Golden, Adams, Gustine, & Lennart. 2019. Caribou use of habitat near 
energy development in Arctic Alaska.

Citation: Johnson, H. E., Golden, T. S., Adams, L. G., Gustine, D. D., & Lenart, E. A. (2019). 
Caribou Use of Habitat Near Energy Development in Arctic Alaska. The Journal of 
Wildlife Management, 84(3), 401–412. https://doi.org/10.1002/jwmg.21809

URL: https://wildlife.onlinelibrary.wiley.com/doi/full/10.1002/jwmg.21809
Location: North Slope, Alaska
Herd: Central Arctic Herd
Summary (Abstract): “Increasing demands for energy have generated interest in expanding oil 
and gas production on the North Slope of Alaska, USA, raising questions about the resilience of 
barren-ground caribou (Rangifer tarandus) populations to new development. Although the 
amount of habitat lost directly to energy development in the Arctic will likely be relatively small, 
there are significant concerns about habitat that may be indirectly affected because of caribou 
avoidance behaviors. Behavioral responses to energy development for wildlife have been 
documented, but such responses are often assumed to dissipate over time, despite scant 
information on the ability of animals to habituate. To understand the long-term effects of energy 
development on barren-ground caribou, we investigated the behavior of the Central Arctic Herd 
in northern Alaska, which has been exposed to oil development on its summer range for 
approximately 40 years. Using recent (2015–2017) location data from global positioning system 
(GPS)-collared females, we conducted a zone of influence analysis to assess whether caribou 
reduced their use of habitat near energy development, and if so, the distance the effects 
attenuated. We conducted this analysis for the calving, post-calving, and mosquito harassment 
periods when caribou exhibit distinct resource selection patterns and contrasted our results to 
past research that investigated the responses of the Central Arctic Herd immediately following 
the construction of the oil fields. Despite the long-term presence of energy development within 
the Central Arctic Herd summer range, we found that female caribou exhibited avoidance 
responses to infrastructure during all time periods, although the effects waned across the summer. 
Caribou reduced their use of habitat within 5 km of development during the calving period, 
within 2 km during the post-calving period, and within 1 km during the mosquito harassment 
period; these areas were predicted to overlap 12%, 15%, and 17% of important calving, post-
calving, and mosquito period habitat, respectively. During the calving period, the indirect effects 
we observed were similar to those observed in past research, whereas during the post-calving and 
mosquito periods, we detected avoidance responses that had not been previously reported. These 
findings corroborate a growing body of evidence suggesting that habituation to industrial 
development in caribou in the Arctic is likely to be weak or absent, and emphasizes the value of 
minimizing the footprint of infrastructure within important seasonal habitat to reduce behavioral 
effects to barren-ground caribou.
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13) Leblond et al. 2011. Assessing the influence of resource covariates at multiple 
spatial scales: an application to forest-dwelling caribou faced with intensive human 
activity.

Citation: Leblond, M., Frair, J., Fortin, D., Dussault, C., Ouellet, J.-P., & Courtois, R. (2011). 
Assessing the influence of resource covariates at multiple spatial scales: an application to 
forest-dwelling caribou faced with intensive human activity. Landscape Ecology, 26(10), 
1433–1446. https://doi.org/10.1007/s10980-011-9647-6

URL:https://www.researchgate.net/publication/
257616967_Assessing_the_influence_of_resource_covariates_at_multiple_spatial_scales_An_ap
plication_to_forest-dwelling_caribou_faced_with_intensive_human_activity
Location: Grands-Jardins National Park, Quebec
Herd: Charlevoix 
Summary (Abstract): “Efforts in isolating the relative effects of resources and disturbances on 
animal-distribution patterns remain hindered by the difficulty of accounting for multiple scales of 
resource selection by animals with seasonally dynamic drivers. We developed multi-scale, 
seasonal models to explore how local resource selection by the threatened forest-dwelling 
woodland caribou (Rangifer tarandus caribou) was influenced by both broad-scale landscape 
context and local resource heterogeneity in the intensively managed region of Charlevoix, 
Québec, Canada, located on the southern border of the North American caribou range. We 
estimated resource selection functions using 23 GPS-collared caribou monitored from 2004 to 
2006 and landscape data on vegetation classes, terrain conditions, and roads. We found evidence 
of thresholds in road “proximity” effects (up to 1.25 km), which underscores the importance of 
including landscape context variables in addition to locally measured variables, and of fitting 
seasonal-specific models given temporal variation in the magnitude of selection and optimal 
scale of measurement. Open lichen woodlands were an important cover type for caribou during 
winter and spring, whereas deciduous forests, wetlands, and even young, disturbed stands 
became important during calving and summer. Caribou consistently avoided roads and rugged 
terrain conditions at both local and landscape levels. Landscape context fundamentally constrains 
the choices available to animals, and we showed that failing to consider landscape context, or 
arbitrarily choosing an inappropriate scale for measuring covariates, may provide biased 
inferences with respect to habitat selection patterns. Effective habitat management for rare or 
declining species should carefully consider the hierarchical nature of habitat selection.”

Elsewhere in the paper the authors noted, “Caribou consistently avoided roads (both active and 
derelict) at both the local and landscape levels year-round”. Also, there were “differences in 
scales between habitat features and seasons). An example of this was the avoidance by caribou of 
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areas of high road density within 8 km spatial extents in spring, calving, and summer, and within 
2 km spatial extents during rut. This behavioral response may reflect a decrease in the sensibility 
of caribou to human disturbance during the rutting period, when the main driver of caribou 
movements is to find a mating partner. This result provides support to our hypothesis that the 
scale of selection for a given resource should vary between seasons and demonstrates the 
importance of considering relevant (and potentially different) scales foreach season, a practice 
that has seldom been used by ecologists studying resource selection by animal.” 

14) Lee, Adam, Sandström, & Skarin. 2020. Estimating zones of influence using 
threshold regression.

Citation: Lee, Y., Adam, M., Sandström, P., & Skarin, A. (2020). Estimating zones of influence 
using threshold regression: Working papers in transport, tourism, information technology 
and microdata analysis. Dalarna University.

URL: https://www.diva-portal.org/smash/get/diva2:1428421/FULLTEXT01.pdf
Location: Northern Sweden
Herd: Semi-domesticated reindeer
Summary (Abstract): “In environmental impact assessments, it is important to be able to estimate 
influence of anthropogenic activities on animal populations. To quantify the influence, it is 
common to estimate how far, in distance, from a given disturbance source there is an influence 
on the animals’ habitat selection through estimating a zone of influence (ZOI). Usually, ZOI is 
estimated for one disturbance source at a time. In this work, we demonstrate how threshold 
regression modelling can be used for estimating ZOI from several possible sources of 
disturbances, simultaneously. Based on the theoretical properties of different estimation methods 
for the estimation of threshold regression we select a set of estimation methods and compare 
their merits through a simulation study and a real data example. The simulation results revealed 
that Adaptive Lasso, and Hierarchical likelihood (HL) methods, are two reasonable methods for 
dealing with the problem. HL performed better than Adaptive Lasso in that it had much higher 
success rate in identifying correct threshold with small sample size whereas Adaptive Lasso 
requires large sample to assure good performance. While Adaptive lasso needed to be aided with 
suitable weights, which are not easy to find, HL method did not require any prior weights. These 
two methods were applied to estimate the ZOI around 40 wind turbines and surrounding public 
roads on reindeer habitat selection in winter, by using GPS positioning data from 42 reindeer in 
north of Sweden in December to March (2012-2015). The results showed that both the 
disturbance sources have a negative effect on reindeer habitat selection in winter. The HL 
approach showed that the negative ZOI from the nearest wind turbine was 1.8 km (approx.), 
however the trend of higher selection of areas further away from the wind turbines was evident 
up to 4 km (approx.) from the active wind turbines.” 
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Elsewhere in the paper, authors note “This study is motivated by the problem of cumulative 
impact assessment of anthropogenic activities on semi-domesticated but free-ranging reindeer 
(Rangifer tarandus tarandus) in the Sami reindeer husbandry area in Sweden. Over the last 
century anthropogenic activities (e.g. road traffic, mines, roads, power grid, etc.) have developed 
over the time and contributed to the habitat loss for the reindeer population (Kivinen et al. 2015; 
Vistnes and Nellemann 2008; Skarin & Åhman 2014). A fairly new emerging source of 
disturbance are construction of wind farms to foresee a production of renewable energy, which 
have shown to have adverse effect on reindeer habitat selection (Skarin et al. 2018; Skarin and 
Alam 2017). To be able to manage the increased level of infrastructure in the landscape, it is vital 
to know at which distance does the combined effects (we call it “cumulative effect”) of all the 
locally available infrastructures on reindeer habitat use vanishes.” They later write,  “Our results 
from real data analysis agrees partly with the existing knowledge in that reindeer response to 
human disturbances such as roads and power lines are often found to vanish at around 1-2 km 
from the source of the disturbance (Lundqvist 2007; Anttonen, Kumpula & Colpaert 2011; 
Panzacchi et al. 2012). However, our results contradicted previous results of Tsegaye et al. 
(2017) where no significant effect of a wind farm was found. However, their selection of study 
area (in an island) makes it difficult to generalize their results to any other environment 
(Panzacchi et al. 2015)

15) Nellemann & Cameron. 1998. Cumulative impacts of an evolving oil-field complex 
on the distribution of calving caribou.

Citation: Nellemann, C., & Cameron, R. D. (1998). Cumulative impacts of an evolving oil-field 
complex on the distribution of calving caribou. Canadian Journal of Zoology, 76(8), 
1425–1430. https://doi.org/10.1139/z98-078

URL: https://cdnsciencepub.com/doi/abs/10.1139/z98-078
Location: North Slope, Alaska
Herd: Central Alaska Herd
Summary (Abstract): “We investigated changes in distribution and terrain use of calving barren-
ground caribou (Rangifer tarandus granti) with increasing density of roads in the Kuparuk 
Development Area, an oil-field region near Prudhoe Bay, Alaska. In June of 1987-1992, caribou 
density, as determined by aerial surveys, was inversely related to road density, declining by 63% 

at >0.0-0.3 km road/km2 and by 86% at >0.6-0.9 km road/km2. The latter road density virtually 
excluded cow-calf pairs. Effects of avoidance were most apparent in preferred rugged terrain, 
comprising important habitats for foraging during the calving period. Our results show that (i) 
females and calves are far more sensitive to surface development than adult males and yearlings, 
(ii) the greatest incremental impacts are attributable to initial construction of roads and related 
facilities, and (iii) the extent of avoidance greatly exceeds the physical "footprint" of an oil-field 

%22C:%5C%5CUsers%5C%5CAdmin%5C%5C
%22http


complex. A disproportionate reduction in use of foraging habitats within the Kuparuk 
Development Area, combined with decreasing tolerance of the expanding industrial complex, 
may explain the recent displacement of some calving activity to areas farther inland, and, in part, 
lower fecundity. Possible consequences include heightened competition for forage, increased risk 
of predation, and lower productivity of the herd.”
Note: Abstract only is available on internet. Article itself not accessed.

16) Nellemann, Jordhøy, Strand and Vistnes. 2001. Wild reindeer: impacts of 
progressive infrastructure development on distribution and range use.

Citation: Nellemann, C., Jordhøy, P., Strand, O., & Vistnes, I. (2001). Wild reindeer: impacts of 
progressive infrastructure development on distribution and range use. Polar Biology, 24(7), 531–
537. https://doi.org/10.1007/s003000100253
URL:https://www.researchgate.net/publication/
225801465_Wild_reindeer_Impacts_of_progressive_infrastructure_development_on_distributio
n_and_range_use
Location: South-central Norway
Herd: Wild reindeer
Summary (Abstract): “We investigated the distribution of wild reindeer (Rangifer tarandus 
tarandus) from aerial surveys in 1986-1998 in 622 contiguous 4-km2 grid squares in relation to 
density of power lines, roads and ski trails in the Nordfjella region, south-central Norway. 
Density of reindeer was significantly lower in developed quadrats compared to undeveloped 
quadrats and decreased with increasing density of development. No reindeer were observed in 
areas exceeding 1.3 km/km2 of linear structures and only 1.1% of the reindeer were observed in 
areas exceeding 0.8 km/km2 of linear structures, an area constituting 17% of the study area. The 
results imply that development, and also the degree of development, affect the availability of 
range for wild reindeer. Furthermore, the results suggest that reindeer may abandon areas once 
disturbance exceeds a critical level. We conclude that there is a need for cumulative impact 
assessments of the overall development in Norwegian mountain regions, to preserve the last 
remaining wild reindeer populations in Europe.”
Note: Abstract only is available free of charge on internet. Article itself not accessed

17) Nellemann, Vistnes, Jordhøy, Strand, & Newton. 2003. Progressive impact of 
piecemeal infrastructure development on wild reindeer.

Citation: Nellemann, C., Vistnes, I., Jordhøy, P., Strand, O., & Newton, A. (2003). Progressive 
impact of piecemeal infrastructure development on wild reindeer. Biological 
Conservation, 113(2), 307–317. https://doi.org/10.1016/s0006-3207(03)00048-x
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URL:https://www.academia.edu/10114383/
Progressive_impact_of_piecemeal_infrastructure_development_on_wild_reindeer
Location: Southern Norway
Herd: Wild reindeer
Summary (Abstract): “We made monthly surveys of >2000 reindeer (Rangifer tarandus tarandus) 
from 1977 to 1987 before and after the construction of the Blue Lake hydroelectric reservoir in 
order to study the progressive impact of infrastructure development on wildlife. Following this 
development, reindeer densities within a 4-km radius declined gradually during winter to 8% of 
pre-development densities without significant changes in undeveloped control sites. During 
summer, reindeer gradually reduced use of areas within 4 km distance from roads and power 
lines to 36% of predevelopment density, with subsequent 217% increase in use of the few 
remaining sites located >4 km from infrastructure. Reindeer reproduction declined progressively 
as habitat was lost. Assessments of individual development projects seriously underestimate the 
long-term effects of the entire expanding infrastructure network. Piecemeal development has 
resulted in an estimated 70% loss of undisturbed reindeer habitat across the last century in 
Norway. During this time the reindeer population has become fragmented into 26 isolated sub-
populations. Our results show that any further infrastructure development will put the remaining 
European population of wild mountain reindeer at great risk, as further habitat fragmentation will 
make the remaining undisturbed patches too small for holding viable populations. A general 
model of impacts of infrastructure on wildlife is presented. We discuss the importance of 
controlling piecemeal development in infrastructure for conservation of wildlife and argue that 
minimizing infrastructure development is likely one of the largest challenges in wildlife 
conservation ahead.”
The authors also note that, even allowing for weather and biting insect abundance, “sites 
previously used by large reindeer groups declined significantly in use following development, while the 
number of Place ro in undeveloped areas increased correspondingly.” 

18) Plante, Dussault, Richard, & Côté. 2018. Human disturbance effects and cumulative 
habitat loss in endangered migratory caribou.

Citation: Plante, S., Dussault, C., Richard, J. H., & Côté, S. D. (2018). Human disturbance 
effects and cumulative habitat loss in endangered migratory caribou. Biological 
Conservation, 224, 129–143. https://doi.org/10.1016/j.biocon.2018.05.022

URL: https://steeve-cote.bio.ulaval.ca/fileadmin/documents/Articles_pdf/
2018_Plante_et_al._Biol_Conserv.pdf
Location: Northern Quebec and Labrador
Herd: Rivière-aux-Feuilles (RFH) and Rivière-George (RGH)
Summary (Abstract): “As human development intensifies in northern ecosystems, negative impacts of 
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anthropogenic disturbances on wildlife could increase. Many caribou and reindeer populations are 
declining across the northern hemisphere, and human disturbances have been suggested as a potential 
cause for these declines. We evaluated the effects of human disturbances in the summer and winter ranges 
of two migratory caribou herds in northern Québec and Labrador, Canada. We captured and collared 510 
caribou between 2009 and 2015. We first assessed caribou avoidance of human disturbances at a large 
spatial scale by comparing the density of mines, mining exploration sites, power lines, roads and human 
settlements within seasonal ranges to their density within available ranges. We estimated the area avoided 
by caribou (ZOI; zone of influence) around disturbances located within seasonal ranges and evaluated the 
resulting cumulative habitat loss. We also evaluated the barrier effect of roads and their influence on 
caribou movement rates. The density of many disturbance types was lower within caribou seasonal ranges 
than within available ranges, suggesting they avoided disturbances over a large spatial scale. Within 
seasonal ranges, caribou avoided all disturbance types except power lines. ZOIs were highly variable 
among disturbance types and years, ranging from no avoidance to 23 km. Cumulative habitat loss could 
reach as much as 30% of seasonal ranges and 38% of high-quality caribou habitat. We demonstrate that 
human disturbances have broad negative effects on caribou behavior, but whether this could translate into 
population decline remains to be investigated.”

19) Polfus, Hebblewhite, & Heinemeyer. 2011.  Identifying indirect habitat loss and 
avoidance of human infrastructure by northern mountain woodland caribou.

Citation: Polfus, J. L., Hebblewhite, M., & Heinemeyer, K. (2011). Identifying indirect habitat 
loss and avoidance of human infrastructure by northern mountain woodland caribou. 
Biological Conservation, 144(11), 2637–2646. https://doi.org/10.1016/j.biocon.
2011.07.023

URL:http://bvcrb.ca/images/uploads/documents/
polfus_etal_2011_(caribou_avoidance_of_humans).pdf
Location: British Columbia
Herd: Northern Mountain woodland caribou
Summary (Abstract): “Understanding the impact of indirect habitat loss resulting from avoidance 
of human infrastructure is an important conservation priority. We evaluated resource selection for 
10 global positioning system collared northern mountain woodland caribou (Rangifer tarandus 
caribou) in British Columbia, Canada, with seasonal resource selection functions (RSF) 
developed at the second-order (landscape) and third-order (within home range) scales. To 
estimate how much habitat was lost due to avoidance, we estimated the zone of influence (ZOI) 
around multiple developments and modeled realized and potential habitat. Potential habitat was 
approximated by removing the ZOI from RSF models. By calculating the spatial difference 
between potential and realized habitat we estimated the amount of indirect habitat loss. Caribou 
displayed hierarchical avoidance of development, with the greatest avoidance occurring at the 
second order. During both seasons caribou avoided high-use roads by 2 km and low-use roads by 
1 km. In winter, caribou avoided town by 9 km compared to 3 km in summer. However, in 
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summer caribou avoided mines by 2 km and cabins and camps by 1.5 km, while in winter when 
human activity was low, avoidance of these features was minor. As a result of avoidance of the 
cumulative ZOI, approximately 8% and 2% of high quality habitat was lost in the study area in 
winter and summer, respectively. Our study provides an approach to identify the extent and 
quality of habitat influenced by indirect avoidance. Conservation efforts should prioritize 
protecting areas of high quality habitat degraded by avoidance in the vicinity of human 
development.”

20) Prichard, Lawhead, Lenart, & Welch. 2020. Caribou distribution and movements in a 
Northern Alaska oilfield.

Citation: Prichard, A. K., Lawhead, B. E., Lenart, E. A., & Welch, J. H. (2020). Caribou 
Distribution and Movements in a Northern Alaska Oilfield. The Journal of Wildlife 
Management, 84(8). https://doi.org/10.1002/jwmg.21932

URL: https://wildlife.onlinelibrary.wiley.com/doi/10.1002/jwmg.21932
Location: Alaska North Slope
Herd: Central Arctic Herd
Summary (Abstract): “As industrial development increases in the range of barren-ground caribou 
(Rangifer tarandus granti) across the warming Arctic, the need to understand the responses of 
caribou to development and to assess the effectiveness of mitigation measures increase 
accordingly. The Central Arctic Herd (CAH) of caribou ranges across northern Alaska, USA, and 
the herd's summer range includes the Prudhoe Bay and Kuparuk oilfields, where the herd has 
been exposed to oil development for >4 decades. We used location data from global positioning 
system (GPS) radio-collars deployed on female CAH caribou for 106 collar-years, recording 
locations every 2 hours during 2008–2019, to examine caribou distribution and movements 
during 7 different seasons of the year in relation to infrastructure in the Kuparuk oilfield, which 
is characterized by more design improvements and mitigation measures than the older Prudhoe 
Bay oilfield. We examined movement metrics in terms of distance to gravel infrastructure (roads 
and pads) and time before and after movements across infrastructure (crossings). We also 
employed integrated step-selection analysis to compare caribou movements with random 
movements. Caribou distribution was influenced by insect activity, distance to coast, landcover, 
and terrain ruggedness, and we found large seasonal differences in caribou responses to 
infrastructure. Consistent with previous research findings, avoidance of areas near roads and 
pads was strongest during the calving season and some caribou used roads and pads as insect-
relief habitat when oestrid flies (warble fly [Hypoderma tarandi] and nose bot fly [Cephenemyia 
trompe]) were active. Caribou moved through the Kuparuk oilfield repeatedly during summer, 
averaging >2 road or pad crossings a day when harassment by mosquitoes (Aedes [Ochlerotatus] 
spp.) and oestrid flies were the predominant factors influencing caribou movements. Caribou 

%22


moved faster while crossing roads and pads but showed little pattern in speed or turn angle with 
distance to roads and pads. These results demonstrate that the effects of petroleum development 
on a caribou herd with long-term exposure to industrial activity vary widely by season. Maternal 
caribou avoid active roads and pads during calving, but the incorporation of appropriate 
mitigation measures in oilfield design allows caribou to move through the Kuparuk oilfield 
during other snow-free seasons.”
Elsewhere in the article the authors note that petroleum development in range of CAH began in 
1970’s. Over the years, studies focussed on “the potential displacement of maternal caribou 
during calving, the ability of caribou to cross oilfield infrastructure, while moving between 
inland foraging areas and coastal mosquito…relief habitat, potential changes in behaviour and 
energetics due to disturbance, and potential changes in caribou distribution and movements that 
could influence harvest effort or success by local subsistence hunters.” The authors noted that 
caribou crossed roads frequently during mosquito season, (faster than in other seasons), and 
departed the immediate area. Traffic volume on roads is also a factor: They note that previous 
researchers found caribou spent “less time lying down within 300 m of roads without traffic and 
within 600 m of roads with traffic.

This study also recalled Skarin 2018 study which noted that “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 behaviour was 
associated with movement of infrastructure.” Regarding levels of disturbance, “humans on foot 
elicit the strongest behavioural reactions from caribou” (compared to infrastructure).
Note: Abstract only is available free of charge on internet. Article itself was accessed at cost of 
$12.00 CDN.

21) Reimers & Colman. 2009. Reindeer and caribou (Rangifer tarandus) response 
toward human activities.

Citation: Reimers, E., & Colman, J. E. (2009). Reindeer and caribou (Rangifer tarandus) 
response towards human activities. Rangifer, 26(2), 55. https://doi.org/
10.7557/2.26.2.188

URL: https://www.semanticscholar.org/paper/Reindeer-and-caribou-(-Rangifer-tarandus-)-
response-Ryfylke-Austhei/1663e034475bb41304a38392dc47845ed11ed66c
Location: Norway
Herd: Wild reindeer (some with previous herding influence, some now mixed domesticated 
reindeer, and feral (previously domesticated) reindeer
Summary (Abstract): “We address the question of how human activities and infrastructure 
influence reindeer/caribou’s (Rangifer tarandus) behaviour and habitat use and review studies 
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based on current methodologies. Anthropogenic activities have a direct affect on Rangifer 
behaviour through the senses hearing, sight and smell, and all of these are important tools for 
behavioural risk assessment. Short term indirect responses, such as habituation, sensitisation, 
avoidance, and displacement, develop through neutral, positive or negative associations towards 
stimulus in terms of Rangifer’s ability to experience, learn, and remember. Long term 
behavioural responses develop through interaction with predators and, for reindeer, also 
domestication. A survey of the literature dealing with behavioural studies reveals that although 
Rangifer in most cases retreat from anthropogenic activities, comfort distances (i.e. distances 
beyond which animal behaviour or activity are not influenced) are relatively short. In most cases, 
energetic implications appear moderate and small compared to other natural, biotic influences 
such as disturbance (and death) caused by insect and/or predator harassment. Unless obstructing 
access, physical constructions of various kinds apparently have limited effects on Rangifer 
behaviour or habitat use. On the other hand, constructions that do obstruct or limit access and 
recreational or other motorized and non-motorized activities appear to have stronger impacts on 
avoidance and redistribution of Rangifer. Behavioural effects that might decrease survival and 
reproduction include retreat from favourable habitat near disturbance sources and reduction of 
time spent feeding with resulting energy depletion over time. Rangifer habitat use, habitat 
avoidance, and feeding preferences are governed by a complexity of natural interacting factors. 
Domestication, habituation and sensitisation are essential in shaping Rangifer’s adaptability, and 
should be included in future studies on reindeer and caribou responses towards various 
anthropogenic activities. Although cumulative effects from human activities are likely, it remains 
difficult to separate these from natural variations in Rangifer habitat use and demography. 
Habitat avoidance towards various human infrastructures and activities is reported, but most 
studies reporting relatively far (4-25 km) avoidance distances relied on measurements of range 
properties and animal distribution recorded on 1-2 days annually in winter to induce a potential 
response from the animals and lack important environmental variables and/or alternative 
hypothesises. This methodology should be improved in order to enable identification of 
correlation versus causation. Studies relying on animal behaviour measurements can more 
correctly identify and test responses to various stimuli while also controlling for degree of 
domestication and other various environmental variables, but only in a limited time and spatial 
scale. Furthermore, such studies may not necessarily capture potential population consequences 
from disturbances. Thus, there are important weaknesses in the two leading methodologies 
(measuring animal behaviour and indirectly mapping regional/population movements and habitat 
use through measurements of range properties). To best study Rangifer’s responses towards 
anthropogenic infrastructure and activities, we propose that the two methodologies be combined 
and supplied with modern GPS/telemetry.”

22) Rempel et al. 2021. Modeling cumulative effects of climate and development on 



moose, wolf, and caribou populations.

Citation: Rempel, R. S., Carlson, M., Rodgers, A. R., Shuter, J. L., Farrell, C. E., Cairns, D., … 
Jackson, J. M. (2021). Modeling Cumulative Effects of Climate and Development on 
Moose, Wolf, and Caribou Populations. The Journal of Wildlife Management, 85(7), 
1355–1376. https://doi.org/10.1002/jwmg.22094

URL: https://wildlife.onlinelibrary.wiley.com/doi/10.1002/jwmg.22094
Location: Northern Ontario
Herd: Woodland Caribou
Summary (Abstract): Wildlife models focused solely on a single strong influence (e.g., habitat 
components, wildlife harvest) are limited in their ability to detect key mechanisms influencing 
population change. Instead, we propose integrated modeling in the context of cumulative effects 
assessment using multispecies population dynamics models linked to landscape-climate 
simulation at large spatial and temporal scales. We developed an integrated landscape and 
population simulation model using ALCES Online as the model-building platform, and the 
model accounted for key ecological components and relationships among moose (Alces alces), 
grey wolves (Canis lupus nubilus), and woodland caribou (Rangifer tarandus caribou) in 
northern Ontario, Canada. We simulated multiple scenarios over 5 decades (beginning 2020) to 
explore sensitivity to climate change and land use and assessed effects at multiple scales. The 
magnitude of effect and the relative importance of key factors (climate change, roads, and 
habitat) differed depending on the scale of assessment. Across the full extent of the study area 

(654,311km2 [ecozonal scale]), the caribou population declined by 26% largely because of 
climate change and associated predator-prey response, which led to caribou range recession in 

the southern part of the study area. At the caribou range scale (108,378 km2), which focused on 2 
herds in the northern part of the study area, climate change led to a 10% decline in the population 

and development led to an additional 7% decline. At the project scale (8,331 km2), which was 
focused more narrowly on the landscape surrounding 4 proposed mines, the caribou population 
declined by 29% largely in response to simulated development. Given that observed caribou 
population dynamics were sensitive to the cumulative effects of climate change, land use, 
interspecific interactions, and scale, insights from the analysis might not emerge under a less 
complex model. Our integrated modeling framework provides valuable support for broader 
regional assessments, including estimation of risk to caribou and Indigenous food security, and 
for developing and evaluating potential caribou recovery strategies.”
Elsewhere in paper, the authors note that “Our model illustrates the risk to resource management 
of using decision support tools that represent an insufficient portion of the system, fail to address 
cumulative effects, or make assessments at inappropriate scales. For example, if our simulations 
had not considered the potential for climate warming to cause moose population growth, we 
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would have substantially underestimated potential caribou population decline at the range scale. 
At the local (project) scale, however, habitat disturbance by development was a principal factor 
influencing the caribou population response, highlighting the need to address habitat and sources 
of mortality at fine scales.” 

23) Russell, Gunn, & White. 2021. A decision support tool for assessing cumulative 
effects on an Arctic migratory tundra caribou population.

Citation: Russell, D., Gunn, A., & White, R. (2021). A decision support tool for assessing 
cumulative effects on an Arctic migratory tundra caribou population. Ecology and 
Society, 26(1). https://doi.org/10.5751/es-12105-260104

URL: https://www.ecologyandsociety.org/vol26/iss1/art4/
Location: North Slope, Alaska 
Herd: Porcupine
Summary (Abstract): “As large migratory caribou herds decline globally and regional climate 
trends point to a warmer future, there is a need and a legislative requirement to ensure impacts of 
industrial development are fully assessed, particularly with respect to cumulative effects. In this 
paper we use a current proposal, the potential leasing of the 1002 lands on the Alaskan Arctic 
coastal plain of the Arctic National Wildlife Refuge for hydrocarbon development, to project the 
potential cumulative effects on the international Porcupine Caribou Herd. Using the caribou 
cumulative effects model, an existing decision support tool, we evaluate six alternative 
development scenarios for the 1002 lands, ranging from no leasing to full leasing with standard 
mitigation conditions. Compared to the no leasing option, at the current population size (218,000 
caribou), our analysis projected that the likelihood of a herd decline over a 10-year period would 
increase from 3% to 19% depending on the leasing scenarios analyzed. This compares to an 
increased probability of decline from 11% to 26% if the starting population was 100,000, 
indicative of population estimates in the early 1970s. Our approach accomplishes one of the 
main steps in a comprehensive cumulative effects assessment, namely the quantification of past, 
present, and foreseeable future projects on a valued ecosystem component, the Porcupine 
Caribou Herd. We suggest the testing of underlining assumptions and refinements of the model 
required to more fully estimate the impacts of development. The use of transparent, quantitative 
decision support tools in assessing industrial development impacts on Arctic wildlife becomes 
more critical as climatic changes to Arctic landscapes accelerate.”

24) Skarin & Åhman. 2014. Do human activity and infrastructure disturb domesticated 
reindeer? The need for the reindeer’s perspective.
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Citation: Skarin, A., & Åhman, B. (2014). Do human activity and infrastructure disturb 
domesticated reindeer? The need for the reindeer’s perspective. Polar Biology, 37(7), 
1041–1054. https://doi.org/10.1007/s00300-014-1499-5

URL: https://link.springer.com/article/10.1007/s00300-014-1499-5
Location: Various
Herd: Domesticated reindeer
Summary (Abstract): “In recent decades, human–Rangifer (reindeer and caribou) interactions 
have increasingly been studied from a scientific perspective. Many of the studies have examined 
Norwegian wild reindeer or caribou in North America. It is often questioned whether results 
from these studies can be applied to reindeer in managed herds, as these animals have been 
exposed to domestication and are also more used to humans. In order to examine the 
domesticated reindeer’s reactions to various disturbance sources, we reviewed 18 studies of the 
effects of human activity and infrastructure on 12 populations of domesticated reindeer and 
compared these to studies on wild reindeer and caribou; based on this, we discuss the effects of 
domestication and tameness on reindeer responses to anthropogenic disturbance. We also 
consider the relevance of spatial and temporal scales and data collection methods when 
evaluating the results of these studies. The reviewed studies showed that domesticated reindeer 
exhibit avoidance behaviours up to 12 km away from infrastructure and sites of human activity 
and that the area they avoid may shift between seasons and years. Despite a long domestication 
process, reindeer within Sami reindeer-herding systems exhibit similar patterns of large-scale 
avoidance of anthropogenic disturbance as wild Rangifer, although the strength of their response 
may sometimes differ. This is not surprising since current Sami reindeer husbandry represents an 
extensive form of pastoralism, and the reindeer are not particularly tame. To obtain a true picture 
of how reindeer use their ranges, it is of fundamental importance to study the response pattern of 
a spatial and temporal scale that is relevant to the reindeer, whether domesticated or wild.”

25) Skarin, Danell, Bergström & Moen. 2004. Insect avoidance may override human 
disturbances in reindeer habitat selection.

Citation: Skarin, A., Danell, Ö., Bergström, R., & Moen, J. (2004). Insect avoidance may 
override human disturbances in reindeer habitat selection. Rangifer, 24(2), 95–103. 
https://doi.org/10.7557/2.24.2.306

URL: https://septentrio.uit.no/index.php/rangifer/article/view/306
Location: Southern Norway
Herd: Semi-domesticated reindeer
Summary (Abstract): “Habitat selection of semi-domesticated reindeer (Rangifer tarandus 
tarandus) was investigated through faecal pellet- group counts and by direct observations of 
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reindeer from helicopter in the Långfjället area in Idre reindeer herding district (62˚10’N) and in 
Mittådalen reindeer herding district (62˚50’N, aerial observations only). Reindeer pellets were 
found to be most abundant in habitats at high altitudes, and in some vegetation types. Pellet-
group densities tended to be higher near the tourist trails, which often follow higher altitudes in 
the terrain. The aerial surveys showed that the reindeer moved towards higher altitudes when the 
wind speed was low and the temperature was high both in June and July. In June they moved 
towards lower regions when temperature was low and the wind speed was strong. The conclusion 
is that the reindeer use Långfjället to escape insect harassment and warm weather, even though 
disturbance by tourism sometimes is high.” 
Elsewhere in the article the authors note: “The level of insect harassment (especially by the 
oestrids) can also affect the reindeer sensitivity to human disturbance, if the harassment is more 
severe they can not afford to distinguish human disturbances. The results exemplify a situation 
where the reindeer select for insect-free areas instead of selecting against human disturbance and 
abundant vegetation. Their need for insect-free areas overrides the need for high quality forage 
and disturbance-free areas.”

26) Vistnes, Nellemann, Jordhøy, Støen. 2008. Summer distribution of wild reindeer in 
relation to human activity and insect stress.

Citation: Vistnes, I. I., Nellemann, C., Jordhøy, P., & Støen, O.-G. (2008). Summer distribution 
of wild reindeer in relation to human activity and insect stress. Polar Biology, 31(11), 
1307–1317. https://doi.org/10.1007/s00300-008-0468-2

URL:https://www.researchgate.net/publication/
227331509_Summer_distribution_of_wild_reindeer_in_relation_to_human_activity_and_insect_
stress
Location: Southern Norway
Herd: Wild reindeer
Summary (Abstract): “We examined the summer distribution of 2,500 wild reindeer (Rangifer 
tarandus tarandus) in southern Norway by eight aerial surveys across 8 years. Most of the 
reindeer were located at high elevations >1,400 metres above sea level (88% of the reindeer in 
47% of the area) where insect stress was lower. Within high elevations, reindeer used areas 
<5.0km from tourist resorts and major roads and <2.5km from hiking trails less than expected 
from availability. A total of 65% of the reindeer were found in high-altitude areas without human 
development or only including closed maintenance roads, which constituted 21% of the area, 
likely because these areas gave shelter from both insect stress and human activity. We conclude 
that wild reindeer appear to select for insect relief areas reaching several kilometers away from 
human activity if such habitat is available. Infrastructure with associated human activity was 
found to be avoided in all surveys.”

C:%5C%5CUsers%5C%5CAdmin%5C%5CAppData%5C%5CLocal%5C%5CMicrosoft%5C%5CWindows%5C%5CINetCache%5C%5CContent.Outlook%5C%5CNOYW9JA3%5C%5C10.1007%5C%5Cs00300-008-0468-2
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Note: Abstract only is available on internet. Article itself not accessed

27) Vistnes & Nellemann. 2007. The matter of spatial and temporal scales: a review of 
reindeer and caribou response to human activity.

Citation: Vistnes, I., & Nellemann, C. (2007). The matter of spatial and temporal scales: a review 
of reindeer and caribou response to human activity. Polar Biology, 31(4), 399–407. 
https://doi.org/10.1007/s00300-007-0377-9

URL:https://www.researchgate.net/publication/
225393726_The_matter_of_spatial_and_temporal_scales_A_review_of_reindeer_and_caribou_r
esponse_to_human_activity
Location: Various
Herd: Various
Summary (Abstract): Research on impacts of human activity and infrastructure development on 
reindeer and caribou (Rangifer tarandus) is reviewed in the context of spatial (m to many km) 
and temporal (min to decades) scales. Before the 1980s, most disturbance studies were 
behavioral studies of individual animals at local scales, reporting few and short-term (min to h) 
impacts within 0–2km from human activity. Around the mid 1980s, focus shifted to regional-
scale landscape studies, reporting that Rangifer reduced the use of areas within 5km from 
infrastructure and human activity by 50–95% for weeks, months or even years and increased use 
of remaining undisturbed habitat far beyond those distances. The extent could vary with type of 
disturbance, sex, terrain, season, and sensitivity of herds. Of 85 studies reviewed, 83% of the 
regional studies concluded that the impacts of human activity were significant, while only 13% 
of the local studies did the same. Accurate assessment of impacts from human activity requires 
regional-scale studies, a pattern confirmed in a few long-term (decades) pre- and post-
development studies. Such long-term studies are needed to improve understanding of both 
temporal and spatial patterns.”
Elsewhere in the paper, authors note that reindeer and caribou (sometimes) may be observed 
close to infrastructure, but most regional studies find they “reduce their use of areas within 5 km 
of development by 50 -95%.”
Note: This paper provides an overview of disturbance studies (to 2007).

28) Wasser, Keim, Taper, & Lele. 2011. The influences of wolf predation, habitat loss, 
and human activity on caribou and moose in the Alberta oil sands. 

Citation: Wasser, S. K., Keim, J. L., Taper, M. L., & Lele, S. R. (2011). The influences of wolf 
predation, habitat loss, and human activity on caribou and moose in the Alberta oil sands. 
Frontiers in Ecology and the Environment, 9(10), 546–551. https://doi.org/
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10.1890/100071
URL: https://www.esa.org/pdfs/Wasser.pdf
Location: Alberta Oil Sands
Herd: East Side of Athabasca River (ESAR) Woodland caribou
Summary (Abstract): Woodland caribou (Rangifer tarandus caribou) and moose (Alces alces) 
populations in the Alberta oil sands region of western Canada are influenced by wolf (Canis 
lupus) predation, habitat degradation and loss, and anthropogenic activities. Trained domestic 
dogs were used to locate scat from caribou, moose, and wolves during winter surges in petroleum 
development. Evidence obtained from collected scat was then used to estimate resource 
selection, measure physiological stress, and provide individual genetic identification for precise 
mark–recapture abundance estimates of caribou, moose, and wolves. Strong impacts of human 
activity were indicated by changes in resource selection and in stress and nutrition hormone 
levels as human-use measures were added to base resource selection models (including 
ecological variables, provincial highways, and pre-existing linear features with no human 
activity) for caribou. Wolf predation and resource selection so heavily targeted deer (Odocoileus 
virginiana or O hemionus) that wolves appeared drawn away from prime caribou habitat. None 
of the three examined species showed a significant population change over 4 years. However, 
caribou population estimates were more than double those of previous approximations for this 
area. Our findings suggest that modifying landscape-level human-use patterns may be more 
effective at managing this ecosystem than intentional removal of wolves.”
Elsewhere in paper, authors note that “caribou functional habitat and physiological health of caribou 
are negatively affected by the degree of human activity on the landscape”. They suggest: “that human 
activity be physically and temporally clustered on the landscape during periods of oil 
exploration. Roads and temporary camps should be located in areas that provide better visual and 
sound barriers (e.g. with placement buffered by forested and complex terrain, and away from 
caribou forage). Traffic patterns should be consolidated by minimizing the number of secondary 
roads and by shifting as much traffic as possible to those roads. These recommendations will 
become especially important when designing future all-season access roads and infrastructure. 
Continued monitoring after such mitigations are in place will allow managers to quickly assess 
their efficacy and change course if needed.”

29) Wolfe, Griffith, & Gray Wolfe. 2000. Response of reindeer and caribou to human 
activities.

Citation: Wolfe, S. A., Griffith, B., & Gray Wolfe, C. A. (2000). Response of reindeer and 
caribou to human activities. Polar Research, 19(1), 63–73. https://doi.org/10.3402/
polar.v19i1.6531

URL: https://polarresearch.net/index.php/polar/article/view/2186
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Location: Various
Herd: Various
Summary (Abstract): Petroleum and mineral exploration and extraction, hydroelectric development, 
atmospheric transport of contaminants, timber harvesting, and tourism are increasing worldwide, 
especially in the Arctic. This development may adversely affect populations of reindeer/caribou 
(Rangifer tarandus) which are the basis of subsistence economies for northern indigenous peoples. 
Our purpose is to present a survey of the literature that has investigated the response of reindeer/
caribou to human activities. Individuals and groups of reindeer/caribou: 1) move away from point 
sources of disturbance; 2) increase activity and energy expenditure near disturbance; 3) delay 
crossing or fail to cross linear structures; 4) shift away from areas of extensive and intensive 
development; and 5) are killed by collisions with vehicles and by hunting along roads. Cows and 
calves during the calving season are the most easily disturbed group. Bulls in general and all 
reindeer/caribou during insect harassment are least likely to avoid development areas. Estimation of 
the proportion of a population that is exposed to disturbance and the implications of this exposure to 
annual energy budgets, survival and productivity of reindeer/caribou has received little attention. 
Future advances in understanding the implications of human disturbance to reindeer/caribou will 
require cumulative effects assessment at annual, population and regional scales. Although some level 
of cumulative effect is likely, clear separation of cumulative effects of development from natural 
variation in caribou habitat use and demography will be difficult.
Note: This article reviews research (to 2000).



2.5 Traditional Knowledge of Caribou Behaviour and Disturbances

1) Kendrick, Lyver, & Lusel K’e First Nation. 2005. Denésôliné (Chipewyan) knowledge 
of barren-ground caribou (Rangifer tarandus groenlandicus) movements.

Citation: Kendrick, A., et al. “Denésoliné (Chipewyan) Knowledge of Barren-Ground Caribou 
(Rangifer Tarandus Groenlandicus) Movements.” ARCTIC, vol. 58, no. 2, 27 Jan. 2010, 
10.14430/arctic409. Accessed 28 Apr. 2021.

URL:https://www.wrrb.ca/sites/default/files/Desesoline%20(Chipewyan)
%20Knowledge%20of%20Barren-
Ground%20Caribou%20(Rangifer%20tarandus%20groenlandicus)%20Movements.pdf
Location: Lutsel K’e, Northwest Territories
Herd: Bathurst and Beverly
Summary (Abstract): Semi-directed interviews relating to the traditional knowledge (TK) of 
barren-ground caribou (Rangifer tarandus groenlandicus) movements were conducted with elders 
and hunters from the Denésôliné (Chipewyan) community of Lutsël K’é, Northwest Territories, 
Canada. The objective was to document Denésôliné knowledge of past and present caribou 
migration patterns and record their explanations for perceived changes in movements. Elders 
recognized expected and unusual levels of variation in caribou movements. Local narratives 
show that Denésôliné communities have a fundamental awareness of caribou migration cycles. 
Most elders thought fire frequency and intensity had increased over their lifetimes and that 
caribou numbers and distribution had been affected. The majority of Lutsël K’é elders thought 
mining development was affecting caribou movements in some way. Elders believe that 
disturbance around traditional migration corridors and water crossings and disturbance of 
“vanguard” animals might be forcing caribou to use less optimal routes and influencing where 
they overwinter. Elders also believe that a lack of respect for caribou will cause the animals to 
deviate from their “traditional” migration routes and become unavailable to the people for a 
period of time. Wildlife management practices may need to further accommodate aboriginal 
perspectives in the future.

2) Polfus, Heinemeyer, Hebblewhite, and Taku River First Nation. 2011. Comparing 
traditional ecological knowledge and Western science woodland caribou habitat models.

Citation: Polfus, Jean L., et al. “Comparing Traditional Ecological Knowledge and Western 
Science Woodland Caribou Habitat Models.” The Journal of Wildlife Management, vol. 
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78, no. 1, 5 Dec. 2013, pp. 112–121, 10.1002/jwmg.643. Accessed 17 Oct. 2019.
URL: https://wildlife.onlinelibrary.wiley.com/doi/full/10.1002/jwmg.643
Location: Northern British Columbia
Herd: Woodland caribou
Summary (Abstract): “Negotiating the complexities of wildlife management increasingly 
requires new approaches, especially where data may be limited. A robust combination of 
traditional ecological knowledge (TEK) and western science has the potential to improve 
management decisions and enhance the validity of ecological inferences. We examined the 
strengths and weaknesses of predicting woodland caribou (Rangifer tarandus caribou) habitat 
selection with resource selection functions (RSF) based on western science and TEK-based 
models within the territory of the Taku River Tlingit First Nation of northern British Columbia. 
We developed seasonal RSF models with data from 10 global positioning system collared 
caribou. We generated TEK-based habitat suitability index models from interviews with Taku 
River Tlingit members. We tested the ability of both habitat models to spatially predict the 
occurrence of collared caribou locations. To portray differences between the models, we 
statistically and visually compared the spatial predictions of TEK and RSF modeling approaches 
using Kappa statistics and k-fold cross validation. Kappa statistics of habitat ranks from the 
models showed substantial agreement during summer (K = 0.649) and fair agreement during 
winter (K = 0.337). We found that both TEK and RSF models predicted independent caribou 
locations (Spearman's rank correlations from k-fold cross-validation ranged from 0.612 to 
0.997). Differences in model performance were a result of RSF models predicting more 
relatively high quality habitat than TEK models. Given the widespread declines of woodland 
caribou across the boreal forest of Canada, and the requirement of the Canadian Species at Risk 
Act to incorporate both traditional and western science approaches into recovery planning, our 
results demonstrate that TEK-based habitat models can effectively inform recovery planning for 
this imperiled species.”

https://wildlife.onlinelibrary.wiley.com/doi/full/10.1002/jwmg.643


2.6 Caribou in the Kivalliq

1) Lokken, Clark, Broderstad, & Hausner. 2019. Inuit attitudes towards co-managing 
wildlife in three communities in the Kivalliq Region of Nunavut, Canada.

Citation: Lokken, Nils A.A., et al. “Inuit Attitudes towards Co-Managing Wildlife in Three 
Communities in the Kivalliq Region of Nunavut, Canada.” ARCTIC, vol. 72, no. 1, 31 
Mar. 2019, pp. 58–70, 10.14430/arctic67868. Accessed 2 Mar. 2020.

URL: https://journalhosting.ucalgary.ca/index.php/arctic/article/view/67868
Location: Nunavut
Herd: Various
Summary (Abstract): “We explored Inuit attitudes towards co-managing wildlife in the Kivalliq 
Region of Nunavut, Canada, working in partnership with the hunters and trappers’ organizations 
of Igluligaarjuk (Chesterfield Inlet), Tikirarjuaq (Whale Cove), and Qamani’tuaq (Baker Lake). 
In mixed-methods interviews, study participants in the two coastal communities described 
dissatisfaction with polar bear (Ursus maritimus) management outcomes, in contrast to a general 
satisfaction with (or indifference to) the management of other species. Interviewees expressed 
concern about grizzly bear (Ursus arctos) and, more prominently, caribou (Rangifer tarandus 
groenlandicus) populations in Qamani’tuaq, the inland community. Researchers have predicted 
that conflicts specific to polar bear management could lead to regulations being ignored or even 
defied and endanger the entire system of wildlife co-management. Our results indicate that 
dissatisfaction over decisions is specific to polar bear management outcomes and does not 
necessarily apply to the broader system of wildlife co-management. The results suggest that the 
Nunavut wildlife co-management system is quite functional: polar bear issues aside, Inuit in 
Qamani’tuaq, Tikirarjuaq, and Igluligaarjuk are largely content with the current functioning of 
the wildlife co-management regime.”

2) Parlee, Sandlos, & Natcher. 2018. Undermining subsistence: Barren-ground caribou 
in a “tragedy of open access”.

Citation: Parlee, B. L., Sandlos, J., & Natcher, D. C. (2018). Undermining subsistence: Barren-
ground caribou in a “tragedy of open access.” Science Advances, 4(2), e1701611. https://
doi.org/10.1126/sciadv.1701611

URL: https://www.science.org/doi/10.1126/sciadv.1701611
Location: Northern Canada 
Herd: Bathurst
Summary (Abstract): “Sustaining arctic/subarctic ecosystems and the livelihoods of northern 

https://journalhosting.ucalgary.ca/index.php/arctic/article/view/67868
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Indigenous peoples is an immense challenge amid increasing resource development. The paper 
describes a “tragedy of open access” occurring in Canada’s north as governments open up new 
areas of sensitive barren-ground caribou habitat to mineral resource development. Once 
numbering in the millions, barren-ground caribou populations (Rangifer tarandus groenlandicus/
Rangifer tarandus granti) have declined over 70% in northern Canada over the last two decades 
in a cycle well understood by northern Indigenous peoples and scientists. However, as some 
herds reach critically low population levels, the impacts of human disturbance have become a 
major focus of debate in the north and elsewhere. A growing body of science and traditional 
knowledge research points to the adverse impacts of resource development; however, 
management efforts have been almost exclusively focused on controlling the subsistence harvest 
of northern Indigenous peoples. These efforts to control Indigenous harvesting parallel 
management practices during previous periods of caribou population decline (for example, 
1950s) during which time governments also lacked evidence and appeared motivated by other 
values and interests in northern lands and resources. As mineral resource development advances 
in northern Canada and elsewhere, addressing this “science-policy gap” problem is critical to the 
sustainability of both caribou and people.”
Elsewhere in the paper the authors note “Unlike the Porcupine caribou range, which, until 
recently, had been little disturbed by resource development activity, the Bathurst range has seen 
significant mineral exploration and the development of five major diamond mines since the 
mid-1990s …. From the beginning of this development rush, Indigenous communities raised 
concerns about the impact of the mining activity on the caribou herds. In a report from the 
community of Łutsël K’e Dene First Nation on the impact of the first major development, the 
Ekati Diamond Mine, harvesters suggested that caribou frequently injured their legs trying to 
cross the sharp rocks used to construct mining roads, that their migration patterns were “screwed 
up” by the mine, and that road development has allowed non-Indigenous hunters greater access 
to the herds.” 



2.7 Recommendations for Barren-Ground Caribou Protection (with respect to 
Wind Turbines) 

1) May et al. 2017. Future research directions to reconcile wind turbine–wildlife 
interactions

Citation: May, R., Gill, A. B., Köppel, J., Langston, R. H., Reichenbach, M., Scheidat, M., … 
Portman, M. (2017). Future Research Directions to Reconcile Wind Turbine–Wildlife 
Interactions. In J. Köppel (Ed.), Wind Energy and Wildlife: Interactions Presentations 
from the CWW2015 Conference. New York: Springer.

URL: https://www.semanticscholar.org/paper/Future-research-directions-to-reconcile-wind-May-Gill/
fe26d167ce8a4c812f317670e33a7ece380ea447
Location: Various
Herd: N/A (not specific to caribou)
Summary (Abstract): “Concurrent with the development of wind energy, research activity on wind energy 
generation and wildlife has evolved significantly during the last decade. This chapter presents an 
overview of remaining key knowledge gaps, consequent future research directions and their significance 
for management and planning for wind energy generation. The impacts of wind farms on wildlife are 
generally site-, species- and season-specific and related management strategies and practices may differ 
considerably between countries. These differences acknowledge the need to consider potential wildlife 
impacts for each wind farm project. Still, the ecological mechanisms guiding species’ responses and 
potential vulnerability to wind farms can be expected to be fundamental in nature. A more cohesive 
understanding of the causes, patterns, mechanisms, and consequences of animal movement decisions will 
thereby facilitate successful mitigation of impacts. This requires planning approaches that implement the 
mitigation hierarchy effectively to reduce risks to species of concern. At larger geographical scales, 
population-level and cumulative impacts of multiple wind farms (and other anthropogenic activity) need 
to be addressed. This requires longitudinal and multiple-site studies to identify species-specific traits that 
influence risk of mortality, notably from collision with wind turbines, disturbance or barrier effects. In 
addition, appropriate pre- and post-construction monitoring techniques must be utilized. Predictive 
modelling to forecast risk, while tackling spatio-temporal variability, can guide the mitigation of wildlife 
impacts at wind farms.”
Note: This paper addresses knowledge gaps and makes recommendations for minimizing 
impacts. The authors note “This requires research assessing environmental impacts through all 
life cycle stages (construction, operation and decommissioning, possibly repowering) of a wind 
farm, considering impacts on human wellbeing, ecosystem quality and natural resources. 
However, life cycle impact assessments (LCIA) still lack the inclusion of impacts on biodiversity 
or land impacts.” : With increasing cumulative impacts, the pressure for implementing effective 
mitigation measures is growing in importance. Consequently, a key research priority should 
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centre on the development, monitoring and continuous improvement of mitigation measures to 
counteract impacts of cumulative wind energy development on wildlife. Finally, all involved 
stakeholders in wind energy development must shift their stance in effectively sharing previous, 
current, or upcoming data and results, as knowledge sharing within transdisciplinary co-learning 
will be pertinent to avoid persistence of science-policy-practice gaps.”

2) Gartman, Bulling, Dahmen, Geißler & Köppel. 2016. Mitigation measures for wildlife 
in wind energy development, consolidating the state of knowledge-Part 1: Planning and 
siting, construction.

Citation: Gartman, V., Bulling, L., Dahmen, M., Geißler, G., & Köppel, J. (2016). Mitigation 
Measures for Wildlife in Wind Energy Development, Consolidating the State of 
Knowledge-Part 1: Planning and Siting, Construction. Journal of Environmental 
Assessment Policy and Management, 18(3).

URL: https://www.worldscientific.com/doi/10.1142/S1464333216500137
Location: Various
Herd: N/A (not specific to caribou)
Summary (Abstract): “During this rapid development of wind energy aiming to combat climate 
change worldwide, there is greater need to avoid, reduce, and compensate for impacts on 
wildlife: Through the effective use of mitigation, wind energy can continue to expand while 
reducing impacts. This is a first broad step into discussing and understanding mitigation 
strategies collectively, identifying the current state of knowledge and be a beneficial resource for 
practitioners and conservationists. We review the current state of published knowledge, both 
land-based and offshore, with a focus on wind energy–wildlife mitigation measures. We state 
measures and highlight their objective and discuss at which project stage it is most effective (e.g. 
planning, construction, and operation). Thereafter, we discuss key findings within current wind 
energy mitigation research, needing improved understanding into the efficacy of wildlife 
mitigation as well as research into the cost aspects of mitigation implementation. 
This paper is divided into two articles; Part 1 focuses on mitigation measures during planning, 
siting, and construction, while Part 2 focuses on measures during operation and 
decommissioning.” The authors note that “mitigation measures are case-by-case sensitive as they 
are species- and site-specific, thus monitoring before–after control-impact (BACI) of measures 
and basing decisions on research using the BACI monitoring design…is highly recommended to 
ensure the best efficacy to reduce impacts to wildlife.” 
Although these two reports focus more on birds and bats there is some consideration of land 
animals..
The authors note that siting should use areas of low spatial resistance (not present restrictions of 
movement to wildlife). They mention the Skarin et al. 2013 paper which cautions against siting 
turbines to fragment habitat but note that Coleman et al. (2012) and May et al. (2012) suggest 

https://www.worldscientific.com/doi/10.1


reindeer may become acclimatized to wind turbines. Macro-siting should avoid sensitive and 
protected areas. For micro-siting, it is suggested to use the fewest turbines possible. During 
construction , “mitigation measures …can be establishing environ-mental rules for contractors or 
establishing efficient supervision…instituting restrictions of movement or activity during 
specific periods (i.e., time and seasons) to reduce disturbance… and establishing barriers to not 
only wildlife from coming into the facility but also limit human activity from expanding beyond 
the  workspace…Barriers also include noise mitigation systems.” While there is little empirical 
research into construction disturbance mitigation, “There are, however, brief recommendations 
from two sources for two different species: One for reindeer (Rangifer tarandus) in Norway, 
where construction should occur during the time of the year when they are not in the area (May 
et al., 2012….”

3) Gartman, Bulling, Dahmen, Geißler & Köppel. 2016. Mitigation measures for wildlife 
in wind energy development, consolidating the state of knowledge-Part 2: Operation, 
decommissioning.

Citation: Gartman, V., Bulling, L., Dahmen, M., Geißler, G., & Köppel, J. (2016). Mitigation 
Measures for Wildlife in Wind Energy Development, Consolidating the State of 
Knowledge-Part 2: Operation, Decommissioning. Journal of Environmental Assessment 
Policy and Management, 18(3).

URL: https://www.worldscientific.com/doi/10.1142/S1464333216500149
Location: Various
Herd: N/A (not specific to caribou)
Summary (Abstract): See Gartman et al (2015). One suggestion here is “the use of curtailment, 
i.e. establishing operational stopping periods can be most effective during periods when at-risk 
species are within the facility or nearby, enabling a shut-down period to reduce the collision risk 
and avoid going over previously identified activity thresholds for particular species. These time 
periods can be identified based on variables such as seasonality… weather movements…and 
species.” For example, shutdown could occur during migratory periods, or when there are a 
certain number or density of animals nearby.

The authors suggest that a “gradual expansion of a wind facility can help avoid negative impacts 
and biodiversity loss of that particular area. Through first establishing part of a wind facility, then 
monitoring the facility on its environmental impacts, and based on if impacts are kept low, the 
developer could expand the wind facility. However, there is need to consider the extent to which 
the initial phase of development is representative of the anticipated final development. Another 
aspect of turbine life cycle is decommissioning and repowering. Relocation of turbines (which 
have negative effects) is an option but is not elaborated upon. Decommissioning of present-day 
turbines will presumably not occur for several decades and it is supposed that 
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“[b]y then, knowledge and techniques should be improved, and the best solutions available at 
that time will be adopted”. 


