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Abstract: The impacts of human activity and infrastructureyalepment on reindeer and cariboRaggifer
tarandug have been studied for decades and have resnlimghmerous debates among scientists, developers and
indigenous people affected. Herein, we discussdthelopment within this field of research in thentext of
choice of spatial and temporal scale and concutrents in wildlife disturbance studies. Before 11880s, the
vast majority ofRangiferdisturbance studies were behavioural studiesdiitual animals exposed directly to
potential disturbance sources. Most of these Istadlies reported few and short-term impactsRamgifer
Around the mid 1980s focus shifted to regional edahdscape ecology studies, reporting that remedead
caribou reduced the use of areas within 5 km frofrastructure and human activity by 50-95%, depegdin
type of disturbance, landscape, season, sensitifityerds, and sex and age distribution of animalsnost
cases where avoidance was documented a small¢iofraxf the animals, typically bulls, were still sdrved
closer to infrastructure or human activity. Loceide behavioural studies of individual animals npagvide
complementary information, but will alone seriousigderestimate potential regional impacts. Of 8%lists
reviewed, 83% of the regional studies concluded ttheimpacts of human activity were significanbile only
13% of the local studies did the same. Traditi@ulogical knowledge may further increase our ustdeding
of disturbance effects.

Effekter av menneskelig aktivitet pa rein og canb&etydningen av valg av
skala

SammendragEffektene av menneskelig aktivitet og utbyggingreid og caribouRangifer tarandushar veert
studert i flere tiar og har resultert i utalligebaéter mellom forskere, utbyggere og bergrt urlieioly. | denne
artikkelen diskuterer vi utviklingen innenfor deftarskningsfeltet i forhold til valg av skala i tiolg rom, og i
forhold til trender innen forskning pa forstyrrelae vilt generelt. Fgr 1980-tallet var starsteparme forstyr-
relsesstudier pa rein og caribou adferdsstudiegrieltdyr eksponert direkte for potensielle fonstigeskilder.
Flertallet av disse lokale studiene konkluderte rid¢edg kortvarige effekter pangifer Rundt midten av 1980-
tallet skiftet fokus over til regionale landskapslaigi-studier, som fant at rein og caribou redwséruken av
omrader innen 5 km fra infrastruktur og menneskaktvitet med 50-95%, avhengig av type forstyreland-
skap, arstid, toleransenivaet til flokken, og kjawm alder til dyrene. | de fleste tilfellene demuikelse ble
dokumentert var det fremdeles en mindre gruppe afyest bukker, som oppholdt seg neer infrastruklier
menneskelig aktivitet. Adferdsstudier av enkeltdyer korte avstander kan gi utfyllende viten, mérisolert
sett fgre til en alvorlig underestimering av potelis regionale effekter. Av 85 gjennomgatte studien-
kluderte 83% av de regionale studiene med at effeity menneskelig aktivitet var betydelig, mens k8% av
de lokale studiene konkluderte likeens. Tradisjos&blogisk kunnskap kan apne opp for gkt kunnséap
forstyrrelseseffekter.

Introduction

Over the last century, humans have dramaticalgredt the face of the planet and triggered the Bighe

extinction rate of flora and fauna in recent higt@Chapinet al, 2000; Clarket al, 2001; Loreatet

al., 2001). Roads, railway lines, power lines, airpohtarbors, and dams form the central nervous
system of the modern world (UNEP, 2001) and isessary for accessing, developing, and

transporting people, goods and services (Leinba885). Infrastructure development, however, has
many environmental costs and has been shown topdigre physical environment, alter the chemical
environment, impact species relationships, acaelengroduction of invasive species, modify animal
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behavior and induce changes in land use in aremdnmate to developed roads (Andrews, 1990;
Forman & Alexander, 1998; Lawtart al, 1998; Trombulak & Frissell, 2000).

Natural resources exploitation and anthropogantuwvity in the Arctic has expanded rapidly during
the last 50 years (UNEP, 2001). The Arctic is coeed to hold large reserves of hydrocarbons and
minerals (lvanov, 1999; UNEP, 2004). Today oil ayas development is the keystone to many
northern economies, with plans underway to extdwdinfrastructure and development network to
new regions (Magomedow al, 1998; Matushenko, 1999). Examples of this exipangre found in
the Yamal Peninsula of Russia, in the National dheim Reserve and Arctic National Wildlife
Refuge of Alaska, and the Barents Sea region, /@ numerous other regions of the Arctic.

Following the large industrial development prégeof petroleum exploration and hydro power in
Canada and Alaska in the 1970s (Coates, 1991),econgas raised upon the potential damaging
effects on caribou. As a result, a series of reseprojects developed to assess potential impacts.
Among the most extensive and long-lasting werarthiestigations related to the Trans-Alaskan Pipe-
line and the Prudhoe Bay and Kuparuk oilfields ¢dska (Whiteet al, 1975; Cameron & Whitten,
1979; Fancy, 1983; Curatolo & Murphy, 1986; Camesbmal, 1992; Pollarcet al, 1996; Croninet
al., 1998b), that have supplied approximately 1598280 of the US domestic oil supply since 1977
(National Research Council, 2003).

Studies of human disturbance Réngiferhave projected anything from none or positive eéffem
behavior and reproductive succesfRahgiferto negative impacts. This research has periogitaéen
reviewed (Klein, 1971; 1980; Martell & Russell, B98ergerudet al, 1984; Reimers, 1984; Cronin
et al, 1998a; Wolfeet al, 2000). Herein, we discuss the research donenntitiis field in the context
of literature on fragmentation and disturbance afllife in general (UNEP, 2001). In this context,
(human) disturbance is defined as a deviation iaramal’s behavior from patterns occurring without
human influence (Frid & Dill, 2002). The term “disbance studies” is used on research conducted on
potential, hypothesized disturbance sources, inudgorg of whether or not the study concluded that
the potential disturbance source really was digtigrbVe also discuss why different studies on the
same herds and infrastructure can conclude diffigreas well as knowledge gaps and future
challenges. A key question is how the choice ofperal and spatial scale can be identified to endanc
our understanding of the ecological effects of hmraativity and development on the ecology of
Rangifer

Disturbance studies before 1985

In the 1970s and 1980s, the majority of disturbastoelies were behavioural studies of individual
animals; focussing on direct observation of aninpdigsically adjacent to or physically exposed to
development or stress. The approach was probabbtwral extension of the scientific experimental
traditions on investigations of animal stress don&boratories, largely dominated by physiological
measures (Broom, 1968; Duncan & Wood-Gush, 197ical studies orRangiferincluded short-
term behavioural responses of animals to aeriatflaylets (McCourtet al, 1974; Calekt al, 1976;
Gunn & Miller, 1978; Miller & Gunn, 1980; Valkenbgi& Davis, 1985) or when encountering roads,
railways, power lines or pipelines (Bergerud, 19¥dhnson & Todd, 1977; Hanson, 1981; Koskela &
Nieminen, 1983; Johnson, 1985). Most of these etudoncluded that effects of disturbance were few
and short-term, stress reactions lasting only arfémutes and fleeing distances being < 1 km. As a
measure of habitat loss, many studies mapped tfeceuarea physically altered, whether it was areas
dammed or covered by roads or other infrastrudiMatell & Russell, 1985). These mappings most
often revealed that only a few percent of the tatalilable habitat was physically lost, even irgéar
development projects, and conclusions were drawan ltlabitat loss was insignificant ®angifer
(Maki, 1992).

Several studies also used photographs of reiratemaribou crossing pipelines or roads as evidenc
that the animals were unaffected by developmentwAswill see from later research, such studies
neglected the likelihood that only a small progmrtiof the animals actually crossed, and that the
animals close to infrastructure may represent @ddily tolerant individuals, such as bulls or
yearlings (Cameroat al, 1992; Nellemann & Cameron, 1996; 1998).

Disturbance studies after 1985

Around the mid 1980s, the focus and scale of distuce studies started to change. This was likely
triggered by experiences from previous studiesmdaby indigenous peoples, and advancements
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worldwide in the field of landscape ecology (Forn&amlexander, 1998; Andrews, 1990; Turner &
Gardner, 1991).

Regional avoidance studies, designating stuttias looked at the distribution of local or meta-
populations in relation to fragmentation, humarivagtor infrastructure, were conducted for a wide
range of species. Animals were shown to shift afk@y locations of human presence, infrastructure,
and livestock. Attention was in particular giventte effects of infrastructure, mainly roads (see
reviews of Andrews, 1990; Forman & Hersperger, 1998man & Alexander, 1998; Trombulak &
Frissell, 2000). Research included regional studiedistribution of insects (Hanskit al, 1994;
Kruess & Tscharntke, 1994; Savillt al, 1997; Lawtonet al, 1998); amphibians and reptiles
(Gillespie & Hollins, 1996; Vos & Chardon, 1998)rds (Hockinet al, 1992; Sorley & Andersen,
1994; Reijneret al, 1995; Robinsort al, 1995), small mammals (Hendersetral, 1985; Imset al,
1993; Andreassemt al, 1996), as well as larger mammals such as urgpiland their predators
(Jenseret al, 1986; Mech, 1989; Brody & Pelton, 1989; Barr396; Maceet al., 1996; Coleet al,
1997, Stgen, 2006). In a review of 106 empiricatigs on the effects of infrastructure, UNEP (2001)
found that 98% of 151 species reviewed were imphict@areas within 0-10 km from roads and other
infrastructure. Nellemanet al (2003) found in a review of 309 papers that r@a# of the 204
species investigated declined in density out tkrh@rom infrastructure, the majority out to 5 km.

The landscape ecology-influenced school of mese@perating at wider spatial and temporal scales
thus concluded that human disturbance had a larg®ct on wildlife than what had previously been
documented through local and short-term behavsttadies of e.g. stress or flight behavior. The use
of the term avoidance became more frequent, dapgidctie phenomenon when a large share of the
animals in a group or specific region reduce these of areas close to human activity and
development, the size of the area affected andrdéHaction in animal density depending upon a
number of variables. Most species show sex, ageeasonal variations, where females with young
usually are the most sensitive (Cieti al, 2004; Apollonioet al, 2005). Correspondingly, animal
density may increase in areas away from potentisfudbance sources, leading to increased
competition or greater risk of predation (Kilget al, 1998; Gill & Sutherland, 2000).
Methodologically, it is important in avoidance seslthat the compared areas close to and away from
potential disturbance sources are comparablethiag.vegetation, snow conditions, elevation ete. ar
similar. Avoidance behavior requires that altenetiabitat is available (Gi#t al, 2001), although it
may not be of the same quality as the habitat &b{tlellemanret al, 2000; Vistnes & Nellemann,
2001). Facing the risk of predation, it may be mueaeficial to reduce the probability of death k. e
fleeing, than to continue fithess-enhancing adéésitsuch as grazing, parental care, or mating. The
same types of responses are observed for a nunibgpecies when being exposed to nonlethal
disturbance stimuli (e.g., Walther, 1969; Dill & #tnan, 1989; Bonenfant & Kramer, 1996; de la
Torreet al, 2000; Frid & Dill, 2002). The risk-disturbancggothesis may thus explain avoidance of
nonlethal human activity, predicting that when lgettisturbed, an animal should follow the same
economic principles used by prey encountering pogsddBergeret al, 1983; Madsen, 1994; Frid &
Dill, 2002).

This shift from local to regional scale reseamid from studies of individual animals to large
groups was also reflected in the studieRamgifer A series of investigations from around 1990 and
onwards demonstrated avoidance by caribou andeeirtd roads, pipelines, power lines, recreational
resorts, logging operations and industrial develepnacross the boreal zone and the Arctic. The firs
studies were done in the Prudhoe Bay-Kuparuk tilfiegion of northern Alaska, showing differences
in the abundance of caribou apparently negativefyetated to oilfield infrastructure (Camerenal,
1992; Nellemann & Cameron, 1996). In Finland, H&ll&arkela (1993) documented avoidance by
female reindeer to a tourist resort. In Canadajttsetial (2000) and Dyeet al.(2001) found lower
densities of caribou near logging activity and istial development. In Norway, a range of studies
documented avoidance at varying levels by reindeeroads, power lines, resorts and dams
(Nellemannet al, 2000; 2001; 2003; Vistnes & Nellemann, 2001;tvés et al, 2001; 2004a).
Several of these latter studies also documentdleisffects on lichen cover, reflecting differeace
grazing pressure with distance to human activity eafrastructure. Studies within shorter distances,
such as 1-2 km from disturbance without compariith wontrol areas further away did not find signs
of avoidance by caribou (Bursemhal, 2000; Yost & Wright, 2001).

Some regional scale studies concluded howevetlieampacts of human activity and infrastructure
on caribou were negligible or inseparable from ratfactors (Pollarcet al, 1996; Croninet al,
1998b; 2000; Noett al, 2004). These studies looked primarily at distiitiu of caribou on Alaska’s
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North Slope during insect harassment, when cardoeuforced closer to the coast and onto pads
seeking the only available insect relief (Nellemanal, 2001; Jolyet al., 2006). The results point out
that reindeer and caribou may be most tolerant umam activity during insect harassment, in
particular when the only insect relief areas avddaare close to human activity (Pollsetdal., 1996;
Skarinet al, 2004). The US National Research Council revietiedresearch done on impacts of oil
drilling on wildlife (National Research Council, @B). This report concluded that petroleum
development had impacted both distribution of carilluring calving and that reproductive success
may have been lowered in the portion of the hepbsad to oil development. A Norwegian report
looked at the effects of hydro power and powerdina reindeer (The Research Council of Norway,
2002). Its conclusions were somewhat similar, ngrtiedt while reindeer could be observed close to
or under power lines and near roads, a large shiatee animals appeared to avoid or minimize
contact with such areas. Again, avoidance effeatge# with type of disturbance, landscape, season,
sensitivity of herds, sex and age distribution mifrals. The densities of animals were most typycall
50-95% lower than expected from availability wittbnkm from infrastructure and correspondingly
higher in less disturbed areas (The Research Coohlorway, 2002; National Research Council,
2003).

Pre - and post development studies

Several pre - and post development studies havedfoesults corresponding to those obtained in
studies assessing only post development distribsitidlong the Milne point road in Alaska, surveys
on the same dates prior to and following develogrsinwed that abundance of caribou declined out
to 4 km and increased beyond (Camestnal, 1992). As development increased in the decade
following this investigation, caribou gradually alomned the areas for calving. This change in
abundance shifting the calving grounds further Isalitl not take place in the eastern part of the
calving grounds virtually unaffected by developmé@ameronet al, 2005; Jolyet al, 2006). This
study, along with National Research Council (20080 pointed to potential differences in
productivity between the eastern and the westertopoof the herd.

Mahoney & Schaefer (2002) investigated the ¢dfeaf hydroelectric development on caribou,
conducting surveys before, during, and after contitn. They found a diminished use within 3 km of
the construction site in the years after constoactiAnother Canadian study revealed a long-term
range recession of woodland caribou correlatechéortorthward shift in logging activity across a
whole century (Schaefer, 2003). In Norway, a pned @ost-development study of hydroelectric
development found substantial reductions in useebydeer of areas within 2.5-5 km from roads and
power lines associated with roads, habitat losa assult of flooding and disruption of migration
corridors, and a substantial increase in reindbandance in the few remaining undisturbed areas in
both winter and summer, including in the insecalament period (Nellemamt al, 2003). Unlike in
Prudhoe Bay, insect relief was available away fioirastructure and human activity.

Change of scalein research

When summarizing the investigations on reindeetioarand human activity found in the reviews of
Wolfe et al. (2000), National Research Council (2003) andnéset al. (2004b) in terms of distance
categories studied (0-2 km versus 0-10 km), werlglesee a shift in spatial scale from local scale
studies to regional scale studies (Table 1). Wbital scale studies still are conducted, regionales
studies were scarce prior to 1985-1990. We have teeauthors’ conclusions to categorize whether
or not no or positive effects on behaviour or ptkity were observed, or whether the authors
characterized the impacts as being negative instasfrioss of habitat, loss of significant grazing
opportunities, heavy grazing pressure, decline @praduction rates etc. (Table 1). While this
classification evidently will be a rough one, caesing the wide array of methods used and
conclusions drawn, it may still illustrate trendghan this field of research. Several conclusioas c
be drawn from the table directly: Rangiferobserved close to infrastructure are seldom shvere
stressed or impacted otherwise; 2) There is afgignt amount of studies documenting loss of habita
as a result of reduced use of areas close to hawctanty and development; and 3) The scale of the
assessment will strongly influence the probabiitydetecting impacts, underlining the importance of
addressing long-term (several years or even defadescumulative impacts at regional scales. This
is in line with the recommendations of i.e. the WdBank on environmental assessments of roads
(World Bank, 1997), but is still neglected in maidgvelopment projects (UNEP, 2001).
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Table 1. The distribution of 85 studies of disturba and infrastructure development on reindeercamithou
before and after 1985, scale of assessment (lazdé studies versus regional scale studies) and

subsequent conclusions. Studies are listed in Wabléd (2000), National Research Council (2003) and
Vistneset al (2004b).

Scale assessed Priorto  After Positive  No or minor  Negative
1985 1985 effects effects effects

Short-term (min/hours) or local

studies (0-2 km) 22 14 0 32 4

Long-term(months/years/decades)

and regional studies (0-10 km) 5 44 1 7 41

The space-time principle
The results found in Table 1 correspond with thecegtime principle of landscape ecology, predicting
that long-term changes affect a large area, whitatderm changes affect smaller areas (Forman,
1995: 8). The same principle states that phenoratasbroad scale may be more stable than those at
finer scales. The two categories of disturbanceistuthat have been discussed here operate at
different scales both in space and time, as welhasumber of animals studied. While local scale
studies investigate behavioural responses of iddalianimals close to potential disturbance sources
the responses often being short-term, regionaksstaidies investigate possible avoidance behaviour
of a large number of animals within a wide regidhis response has proven to be long-term with few
documentations of habituation, while many studigsort avoidance of 4-10 km wide zones from
infrastructure decades after construction, providiedt human activity continues around these
structures (Camerogt al, 1992; Nellemanet al, 2000). In search for long-term, persistent dffexd
human disturbance it becomes important to choaadfeiently broad scale reaching, in the case of
Rangifer several km out from the potential disturbancesau

While avoidance studies show that some animgatgin within 0-3 km from disturbance sources,
they are most often not representative of the nigjof the herd. Investigating behavioural respsnse
or distributional changes only within 0-3 km frorav@lopment, we are unlikely to see any distance-
related trends, and may erroneously conclude tieaetis no apparent distributional pattern in retat
to potential disturbance sources (Fig. 1). Thellacal regional scale approaches are therefore not

contradictory but complimentary; merely reflectidifferences in scales and the proportion of animals
being investigated.
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Fig. 1. The effect of scale on assessing distutb@npacts orRangifer a) Distribution of reindeer within 0-2.0
km from infrastructure, with no apparent patternagbidance; and b) distribution of reindeer at 2-km
intervals from the same infrastructure. Notice {{atand the first bar in (b) are the exact santa;d226
reindeer or 15% of the animals were observed wibhihkm of infrastructure, an area comprising 51% o
the study area. Data from Nellemaetral. (2003).
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Knowledge gaps and future challenges

In their guide to environmental impact assessméinésyWorld Bank (1997) lists three types of effects
of disturbance: direct, indirect and cumulativeeets. While this review shows that there are
numerous studies on direct (local scale) and intlifeegional scale) effects of human activity and
development orRangifer few studies have succeeded in mapping cumulafifezts on survival or
reproduction possibly caused by avoidance behayfortoninet al, 1998a). Within local behavioural
studies, estimations of energy costs of direct enteos with disturbance have shown that repeated
disturbance by e.g. overflights or seismic blasty imkecrease caribou reproduction rates (Letcél,
1996; Bradshawvet al, 1998; Maieret al, 1998) or calf survival rates (Harrington & Veifct992). It
seems probable that also avoidance behavior leadihgbitat loss will negatively affect productit
by increasing grazing competition and possibly ptiesh risk, as studies on other species have
documented (Phillips & Alldredge, 2000; see reviavrrid & Dill, 2002). Developing methodologies
for exploring the link between productivity paraemt and disturbance level remains one of the
challenges in disturbance research, and will beomapt to increase our understanding of
consequences of human developmerRamgiferhabitat.

The increased use of GPS-collars will also prewvore sophisticated analyses of habitat use on
temporal and spatial scales in relation to humaivigcand infrastructure. This method is already
widely used on caribou (e.g., Bradshetval,1997; Dyeret al, 2001; Johnsoet al, 2001), and is
emerging in research on semi-domestic reindeefitiFiet al, 2003; Skarin 2006). Using GPS-
collared semi-domestic reindeer, Skarin (2006) ébtivat reindeer used habitat close to hiking trails
during night when traffic was low, and stayed ctagehiking trails before the hiking season started
than during the hiking season.

The field of mapping traditional or ecologicaldmedge of reindeer herders and caribou hunters is
also an emerging one, especially in FennoscandidRaissia, whereas this school of research is more
established in North America (Fergusatmal, 1998; Huntington, 2000; Usher, 2000). Interviewth
and letters from reindeer herders reveal intima@itedge of avoidance behavior and variations with
season, landscape, and numerous other factorsef@eence to letters in Reimers, 1984). Kéttial
(2006) interviewed Sami reindeer herders in Finlamdpasture quality, and found that peaceful
grazing conditions were considered highly importaasg reindeer only fed properly when human
disturbance was minimal. Indigenous culture grahps herd and hunt reindeer and caribou and who
have experienced development conflicts include @yet not limited to): in Eurasia; Sami, Nenets,
Komi, Khanti, Dolgan, Nganasan, Yukagir, Even, ByeBakha (Yakut), Chukchi, Koryak, and
Chuvan; and in North America; Gwich'’in, Iiupiat, @d®, Koyokon Dene, Metis, Cree, Chipewyan,
Innu, Naskapi, Yupiit, Inuvialuit and Inuit (Kofisaet al, 2000). Further studies of traditional
knowledge of human disturbance effects on reindegr give us a more holistic understanding of the
complexity of grazing ecology and how humans affeist ecosystem.

Conclusions

Reindeer may be observed close to infrastructuwremmst regional studies find that the majority of
the animals reduce their use of areas within 1-5flom development by 45-95%. Provided that
mitigation measures take place, including regutatibhuman traffic and development and protection
of large areas, reindeer and caribou can contiow®texist with man, but perhaps at lower densities
as areas become smaller and more fragmented. Tiewaus loss of habitat poses however a huge
challenge in relation to the growing impacts ofmdie change. By reducirigangifer habitat and
migration opportunities, we also limit their resilice and capability to cope with natural and man-
made changes (Tylet al, in press).
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