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The productive performance of large ungulates in extensive pastoral grazing systems
is modulated simultaneously by the effects of climate change and human intervention
independent of climate change. The latter includes the expansion of private, civil and
military activity and infrastructure and the erosion of land rights. We used Saami reindeer
husbandry in Norway as a model in which to examine trends in, and to compare the
influence of, both effects on a pastoral grazing system. Downscaled projections of
mean annual temperature over the principal winter pasture area (Finnmarksvidda) closely
matched empirical observations across 34 years to 2018. The area, therefore, is not
only warming but seems likely to continue to do so. Warming notwithstanding, 50-year
(1969-2018) records of local weather (temperature, precipitation and characteristics
of the snowpack) demonstrate considerable annual and decadal variation which also
seems likely to continue and alternately to amplify and to counter net warming. Warming,
moreover, has both positive and negative effects on ecosystem services that influence
reindeer. The effects of climate change on reindeer pastoralism are evidently neither
temporally nor spatially uniform, nor indeed is the role of climate change as a driver
of change in pastoralism even clear. The effects of human intervention on the system,
by contrast, are clear and largely negative. Gradual liberalization of grazing rights from
the 18" Century has been countered by extensive loss of reindeer pasture. Access to
~50% of traditional winter pasture was lost in the 19" Century owing to the closure of
international borders to the passage of herders and their reindeer. Subsequent to this
the area of undisturbed pasture within Norway has decreased by 71%. Loss of pasture
due to piecemeal development of infrastructure and to administrative encroachment that
erodes herders’ freedom of action on the land that remains to them, are the principal
threats to reindeer husbandry in Norway today. These tangible effects far exceed the
putative effects of current climate change on the system. The situation confronting Saami
reindeer pastoralism is not unique: loss of pasture and administrative, economic, legal
and social constraints bedevil extensive pastoral grazing systems across the globe.
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INTRODUCTION

The productive performance of free-living large ungulates,
including wild populations and domestic herds managed
in extensive pastoral grazing systems, is modulated by two
kinds of drivers: those associated with variation in the natural
environment and those associated with human intervention
independent of the natural environment (Godde et al,
2018). These act simultaneously and together constitute the
holistic climate of change that governs the performance of
animals and hence the well-being of people—in particular
pastoralists—whose livelihoods depend on them. The two
kinds are nevertheless commonly considered separately:
environmental interactions are principally modelled and
reported in ecological literature while the influence of socio-
economic and other anthropogenic developments is explored
mainly in anthropological and geographical literature. The
disciplinary divide sharpens the focus of analyses but constrains
interpretation of their results. The growth and performance
of large ungulates, and the dynamics of the (socio-)ecological
systems of which they are a part, obviously reflect the integrated
effect of all the drivers that impinge on them, not just those of
one particular kind. The partial effect of drivers of one kind
likewise necessarily depends on the partial effect of those of the
other but this relationship, too, is lost across the disciplinary
divide. In this paper we use Saami reindeer husbandry in Norway
as a model in which to examine how environmental variation
and human intervention impinge jointly on a pastoral grazing
system and from which to assess the relative impact of each on
such a system. Several of the drivers we examine are specific
in their character or their settings to the boreal region and
even particular to Saami reindeer husbandry in Norway: our
approach, however, is entirely general in its application and our
conclusion reflects the situation in many, perhaps even most,
extensive pastoral grazing systems.

Ecological studies of the dynamics of extensive grazing
systems are primarily concerned with the influence of natural
variation in conditions and resources on the performance
of animals or on the ecosystem processes that modulate it.
‘Conditions’ in this respect include abiotic factors that influence
organisms such as temperature, precipitation, wind, photoperiod
and, for chionophile organisms like reindeer/caribou (Rangifer
tarandus; Box 1), the characteristics of the snowpack. Conditions
also include biotic components such as the density of
conspecifics, competitors, predators and parasites. Resources
are things required by and also reduced by the activity of
organisms (or by the activity of other organisms): food, shelter
and mates are examples (Begon et al., 2006). World attention is
currently directed increasingly and often passionately toward the
effects of climate variation on conditions, on levels of resources
and hence on the performance of animals and the function
of the ecosystems of which they are a part. Climate effects
include the degradation of grazing lands though desertification,
encroachment of bush and woodland and deforestation (Asner
et al., 2004), the modulation of the phenology, growth and the
nutritional quality of herbage (Herrero et al., 2016; Thackeray
et al, 2016), the modulation of the phenology, growth and

patterns of migration of animals (Forchhammer et al., 1998;
Ozgul et al., 2009; Robinson et al., 2009; Sheridan and Bickford,
2011; Thackeray et al, 2016) and, arising from these, the
modulation of the dynamics of animal populations (Coulson
et al., 2001; Post and Forchhammer, 2002; Post et al., 2009a;
Marshal et al., 2011; see also IPCC, 2019).

Effects of human intervention on the abundance and
performance of free-living large ungulates are readily apparent,
often negative and not infrequently dramatic. Unrestrained
hunting for meat, hides and bone in the latter half of the
19th Century, for instance, reduced bison (Bison bison) in
North America from around 60 million to some few dozen
animals and deer (Odocoileus spp.) from 50 million to some
few thousands (Soper, 1941; Isenberg, 2000; VerCauteren, 2003;
Webb, 2018). At the same time saiga antelope (Saiga tatarica
tatarica) in Central Asia were driven, it is thought, to the verge
of extinction by hunting for meat, hides and horns (Bekenov
et al.,, 1998; Milner-Gulland et al., 2001). An estimated half
million Canadian barren-ground caribou (R. t. groenlandicus)
were killed by hunters between 1949 and 1954 (Kelsall, 1968, p.
201) and, in the following two decades, half a million wildebeest
(Connochaetes taurinus), deemed a threat to domestic cattle in
Botswana, died in extermination programmes and as a result
of the construction of veterinary cordon fences which excluded
the animals from dry season access to water (Williamson and
Williamson, 1984; Spinage, 1992; Gadd, 2012). These instances,
directly or indirectly, were deliberate acts of destruction. By
contrast, the introduction of the rinderpest virus (Rinderpest
morbillivirus) from Arabia or India in 1889, which led to
devastation of buffalo (Syncercus caffer), wildebeest and the
death of around five million cattle in Southern and East Africa,
was presumably an accident, albeit one on a monumental scale
(Sinclair, 1977; Phoofolo, 1993; Van den Bossche et al., 2010).
Examples of positive effects of human intervention on large
ungulate grazing systems include the maintenance (as opposed
to the deterioration) of the conservation status of many species of
ungulates worldwide (Hoffmann et al., 2015; Barnes et al., 2016),
the enhancement of primary and secondary production through
grazing management (Odadi et al., 2017; Crawford et al., 2019;
McDonald et al., 2019), and the successful—at least in numerical
terms—introduction of species such as horse (Equus caballus) to
North America (current population 9 million; McKnight, 1959;
American Horse Council Foundation, 2018) and sheep (Ovis
aries) to Australia (current population 93 million; FAO, 2019).

Reindeer pastoralism, practiced across some 10 million km?
of northern Eurasia, constitutes the largest contiguous ungulate
grazing system on Earth (Box1). The performance of these
animals and this system is influenced by both effects, i.e.,
by variation in the natural environment and, the remoteness
of the system notwithstanding, also by human intervention.
Considering the former, the mean annual temperature of the
Arctic has increased by about 2°C since 1960 (Figure 2). This
is more than twice the mean global increase and considerable
attention has been directed toward examining the effect of
this on the species, the ecosystems and the peoples of the
North (ACIA, 2005; Overland et al., 2017; Post et al., 2019).
Not surprisingly, large scale warming influences the tundra,
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BOX 1 | Reindeer and the northern grazing system

Reindeer, Rangifer tarandus, is a boreal to super-boreal species complex within the monospecific genus Rangifer (family Cervidae [deer]). The species has a
circumpolar boreal (Arctic and sub-Arctic) distribution. The animals are called—in English— ‘caribou’ in North America and ‘reindeer’ in Eurasia. Distinction is also
generally made between wild and domesticated reindeer, the latter being herded by indigenous peoples (Figure 1). The term ‘semi-domesticated’ is frequently
applied to herded reindeer (e.g., Colman et al., 2013; Meng et al., 2014; Uboni et al., 2016) but the prefix is superfluous. The distinction between ‘domestic’ and
‘domesticated’ animals is clear, comprehensive and sufficient (see Clutton-Brock, 1987, p. 104). All three forms (caribou, wild and domesticated reindeer), of course,
are the same species (Flagstad and Reed, 2003; Reed et al., 2008, 2011). There are ~5-6 million Rangifer worldwide, including 3-4 million caribou and wild reindeer
and ~2.5 million domesticated reindeer of which 650,000 are in Fennoscandia (CAFF, 2013; Gunn, 2016; Government of Norway, 2017; Norwegian Agriculture
Agency, 2019a).
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FIGURE 1 | Some 24 indigenous peoples graze some 2.5 million reindeer (Rangifer tarandus) across 10 million km? of mountain, forest, taiga and tundra in
northern Eurasia. This is an area equivalent to 7% of the land surface of the globe.

Rangifer belong to the intermediate feeder type (Hoffman, 1989). The animals select a species rich diet of browse and non-woody plants, and unusually for
ruminants, they may take a considerable amount of lichens (especially, but not exclusively, in winter; Trudell and White, 1981; Boertje, 1984; Adamczewski et al.,
1988; Mathiesen et al., 2000; Sundset et al., 2010). Their supply of forage is highly seasonal. In the boreal zone plant growth is restricted to the period from late May
to early September when the daily mean ambient temperature is >0°C: for the rest of the year plants are frozen and therefore inert. The animals therefore normally
have access to fresh green forage only for 3-4 months annually when, during the boreal summer, they grow, fatten and rear their young. In winter, by contrast, the
available biomass of green material is reduced because plants enter dormancy and access to them is restricted by snow. Rangifer display a suite of adaptations to
this situation, the most conspicuous being migration between spatially distinct summer and winter pastures.

Barren-ground caribou in northern North America and wild reindeer in Siberia migrate north in spring to tundra pastures around the rim of the Arctic Ocean. Here
they spend the summer before returning hundreds of kilometers south in autumn to winter pastures in the taiga and boreal forest inland (Kelsall, 1968; Parker, 1972;
Chernov, 1985; Fancy et al., 1989). Northwards migration in spring is in part a response to the progressive emergence of fresh herbage which appears at the edge of
the retreating snowline. This has been likened to a ‘green wave’ which the animals track as it spreads northwards across the landscape (Skogland, 1984, 1989; see
also Aikens et al., 2017; Middleton et al., 2018). Rangifer trade quantity for quality, the small size of new shoots being compensated by their high nitrogen content
and digestibility (Russell et al., 1993; Van der Wal et al., 2000; Johnstone et al., 2002).

Feeding conditions in winter when plants are inert are influenced by the quality of the snowpack. Wind, and in some areas, recurring cycles of thawing and re-
freezing associated with interludes of mild weather sometimes accompanied by rain, increases the density and the hardness of snow consequently making it difficult
for the animals to dig down to reach the plants beneath (Schnitler [circa 1751] in Hansen and Schmidt, 1985, p. 24; Woo et al., 1982; Bartsch et al., 2010; Tyler, 2010;
Forbes et al., 2016; Langlois et al., 2017). Forests provide shelter from wind and thaw-freeze cycles are less frequent inland where the climate is generally colder and
drier than at the coast where, where there is open water, it is warmer and wetter. Both factors contribute to easier snow conditions, and hence better grazing, and
the animals therefore move inland to the forest zone where they spend the winter. Domesticated reindeer follow the same pattern as their wild conspecifics, resulting
in the spectacular seasonal migration of herds and herders—usually hundreds and sometimes of more than 1,000 km each way—which are a prominent feature of
reindeer peoples everywhere (Manker, 1935; Krupnik, 1993; Paine, 1994; Vitebsky, 2005; Dwyer and Istomin, 2009; Degteva and Nellemann, 2013).
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FIGURE 2 | ‘Arctic’ (land stations north of 60° North latitude) and global
annual surface air temperature anomalies 1900-2019 (°C) relative to the
1981-2010 regional mean values. Updated from Overland et al. (2017).

taiga and boreal forests where reindeer and caribou, their
North American conspecifics (Box 1), graze. The effects of
warming include the stimulation and an advance of the
timing (phenology) of photosynthetic activity (Xu et al., 2013;
Fauchald et al., 2017; Park et al.,, 2019) and the modulation
of snow cover (AMAP, 2017), all of which are associated
with variation in individual and population rates of growth
(Tyler et al., 2008; Post et al, 2009b; Mallory and Boyce,
2018). Considering the latter (ie., human intervention), the
principal negative effects on reindeer pastoralism seem not to
have arisen primarily through deliberate, large-scale slaughter of
animals, as in the case of the other species of large ungulates
given above, but as a consequence of legislation developed and
imposed for political, economic and other reasons (although
see Vitebsky, 2005, p. 406). The compulsory organization of
reindeer pastoralism in collective (kolkhoz) and State (sovkhoz)
farms in the Soviet Union from the 1920s until the 1990s
(or even, in some cases, to the present day: see Kumpula
et al, 2011) is a conspicuous example. Collectivization not
only disrupted the lifestyles and the cultural, economic and
spiritual values of herding peoples throughout the region, it also
anticipated the demise of herds following the abandonment of
this form of organization at the fall of Russian Communism
in 1991 (Vitebsky, 2005; Anderson, 2006; Povoroznyuk, 2007;
Klokov, 2011; Konstantinov, 2015). Less conspicuous but no less
pervasive were—and still are—the effects on reindeer pastoralism
of the loss of pasture and the disruption of movement of
herds and herders owing to the expansion of infrastructure and
commercial, military and private activity into reindeer pasture
areas. Modern examples include the direct and cumulative
impact of oil, gas, mining, wind- and hydro-electricity and other
infrastructure developments in northern pasture areas since the
1970s (Dwyer and Istomin, 2009; Forbes et al., 2009; Degteva
and Nellemann, 2013; Tolvanen et al., 2019). We return to
this below.

The problem of range loss and the disruption of reindeer
herding is not new. Disagreements between Saami reindeer
herders and other users over rights of access and rights of use of
reindeer pasture (utmark; Box 2) in Norway can be traced back
at least 150 years (Strom Bull, 2015). Domesticated reindeer in
Norway graze and are grazed exclusively in utmark but herders’
rights of usufruct have repeatedly been challenged (below).
Solutions have been sought in the courts and through legislation
aimed at regulating and, through regulation, at managing
Saami reindeer pastoralism. This has been done with the
specific intention of addressing problems—real or perceived—
associated with it, including disputes over grazing rights, low
productivity, poor animal welfare associated with the use of
traditional methods and the environmental impact of reindeer
pastoralism. The addressing of such issues has resulted in Saami
reindeer pastoralism in Norway becoming an administrative and
economic burden for national and local legislatures, in addition
to which an unrelenting focus on issues deemed problems has
led to profoundly negative political and public discourse: Saami
reindeer pastoralism in Norway is perceived as persistently
problematic (Box 2).

A decade ago it was suggested that the effects of human
intervention and, in particular, of the reduction of herders
freedom of action resulting from loss of pasture through various
forms of encroachment and from aspects of governance related
to this, dwarfed the putative effects of climate change on reindeer
pastoralism in Norway (Tyler et al., 2007). The model was specific
but its conclusion appears to be general: there is increasing
evidence that the effects of various forms of human intervention
not unusually far exceed the effects of climate change on pastoral
systems (e.g., Hobbs et al., 2008; Havlik et al., 2015; Ahmed et al.,
2016; Lopez-i-Gelats et al., 2016). Here we review the conclusion
of the reindeer model. First, we extend parts of the analysis
upon which it was based by externally validating and testing
the predictive power of current projections of regional climate
change. (For the difference between projections and predictions
of climate, see Box 3). Second, we examine spatial and temporal
trends in local weather conditions around Finnmarksvidda,
which is the principle reindeer winter pasture area in Norway
(Figure 7). Third, we review the gradual but erratic liberalization
of Saami grazing rights since the mid-18" Century and the
current administrative curtailment of herders’ rights and freedom
of action in herding and herd management. Finally, we review
avoidance behavior and the effects of infrastructure on the use of
habitat by reindeer. We conclude that the role of climate change
as a driver of change in grazing conditions—and by extension
as a driver of change in reindeer pastoralism—is unclear except
insofar as it is spatially and temporally highly diverse. The effects
of human intervention on reindeer pasture in northern Norway,
by contrast, are consistently negative. Saami pastoralists struggle
with loss of pasture resulting from encroachment and with
restrictions and reorganizations that erode their independence
and constrain their freedom of action on the pasture areas that
remain available to them. The effects of human intervention seem
far to exceed the effects of climate change on the system. This
situation is not unique: loss of pasture and myriad administrative,
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BOX 2 | The pastoral system: Saami reindeer herding in Norway

There are ~215,000 domesticated reindeer in Norway (data for 2019: Norwegian Agriculture Agency, 2019a). The majority (94%) of these are herded by Saami
pastoralists who graze their animals on 141,000 km? of utmark designated as Saami reindeer pasture (Government of Norway, 2017; Figures 3, 4). (Utmark,
pronounced ‘oot-mark’, is a Norwegian word for uncultivated land, including forests, meadows, moorland and mountains). The majority (80%) of reindeer in this
area live in the Troms, East Finnmark and West Finnmark reindeer pasture areas (which together constitute the single country of “Troms and Finnmark’; Figure 3). A
minority (6%) of reindeer in Norway are herded by Saami and non-Saami Norwegians in utmark in the south of the country outside the Saami reindeer pasture area
(Government of Norway, 2017; marked as ‘Other areas’ in Figure 3).
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AND HEDMARK [ Saami area in Norway
2 [] Other areas in Norway
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FIGURE 3 | Saami reindeer pastoralism in Norway, Sweden and Finland. The Saami reindeer husbandry area in Norway (green shading) constitutes 141,000 km? of
utmark (uncultivated land, including forests, meadows, moorland and mountains). This area is equivalent to 40% of the entire country. It is in turn divided into six
‘reindeer pasture areas’ (Troms, East Finnmark, West Finnmark, Nordland, Nord-Trendelag and Ser-Trendelag and Hedmark). The map also shows the reciprocal
cross-border (‘Convention’) grazing areas used by Norwegian Saami in Sweden and vice versa (orange shading). These constitute an area of ~14,000 km?. The
Convention on cross-border grazing between Norway and Sweden is currently in abeyance (see text). Sources: Government of Norway (2010) and Pape and Loffler
(2016).

The Saami reindeer pasture area in Norway is divided into six ‘reindeer pasture areas’ (of which Troms, East Finnmark and West Finnmark are the most northerly;
Figure 3). These six areas are in turn divided into altogether 82 ‘grazing districts’. These administrative divisions are government, not Saami, constructs. Within each
district, groups of reindeer owners—members of one or more families—keep their reindeer in combined herd(s) which they manage collectively. Herding alliances
(‘siida’ and ‘sjite’ in northern and southern Saami language, respectively) may persist across all or just part of the year. A particular summer siida may, for instance,
routinely divide in autumn, with some herders (and their reindeer) joining another siida for winter. Currently there are around 100 and 150 different summer and winter
siida, respectively, in Norway (Government of Norway, 2017). This dynamic is possible because every reindeer is the property of a particular owner, not a particular
siida. Ownership is established by a pattern of ear marks, each unique to an owner, that provide permanent identification of animal ownership (Figure 4).
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BOX 2 | continued.

FIGURE 4 | Saami reindeer pastoralism in Norway. (a) The late Mathis Aslaksen Sara with his family’s reindeer in a temporary paddock at Cuovddatmohkki

(Figure 7). This paddock was erected in April (2002) to enable his and another family to separate their herds which, after wintering together, were about to move
independently to their summer pasture on the island of Mageraya (Figure 7). (b) The same site 5 months later (September 2002): virtually no trace remains either of
the paddock or of the presence of the hundreds of reindeer which had been gathered in it. Grazing rights accrue through the legal principle of ‘use since time
immemorial’ (Norwegian: alders tids bruk) but, as photograph (b) shows, it may be no simple matter for pastoralists to document their use of an area. (c) A
pregnant reindeer on winter pasture in northern Norway. The snow all around the animal has been excavated by reindeer which have been feeding on the plants
beneath. (d) Reindeer herder and her son inspecting their herd in the same area. (e) Ear marks (yellow arrows) permanently and indelibly identify the ownership of
every reindeer in a herd. Each owner has his or her own unique pattern of marks which are cut into the left and right ears of animals in their first summer and which
they bear for life (see Paine, 1994, p. 24; Beach, 2007). (f) Transhumant pastoralism: 3,000 reindeer swim in September (2004) from their summer pasture on the
island of Mageroya to the mainland at the start of their 200 km autumn migration to winter pasture south of Cuovddatmohkki on Finnmarksvidda (Figure 7).

Mageroya Sound is ~1,200 m wide at this point. Photographs: Nicholas Tyler.
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BOX 2 | continued.

Figure 5| fall prey to predators; Fear catastrophic starvation; Serious animal cruelty exposed in reindeer husbandry; The anticipated tragedy; Reindeer eat up
garden [plants]; This reindeer calf is starving to death; Demands removal of reindeer from island [pastures]; The myth of lost pasture land in Finnmark; Sustainable
reindeer husbandry has not been achieved. On the right: School book criticized for stigmatizing reindeer husbandry; Let the mountain live!; Beginning of the end
of reindeer husbandry; Norwegian herder ordered to put down dozens of reindeer in controversial cull; Rudolf’s relatives given a death sentence: Norway orders
mass reindeer slaughter before Christmas; Scientists evasive about reindeer husbandry; Threaten Mikkel Mathis with a colossal fine to make him slaughter his
reindeer; In Norway, fighting the culling of reindeer with a macabre display; Reindeer pastoralism considers court action; ‘Celebrity’ herd threatened by the Nussir
mine; No one listens to reindeer herders—I don’t know what we'll do now; The State defeated Jovsset Ante in the Supreme Court; Swedish Saami institute legal
proceedings against the [Norwegian] State [over]... grazing rights... aim to stop social Darwinism; Saami culture must be prioritized!; Not surprising that the Saami
are furious.

Saami reindeer pastoralism in Norway is typically, but not invariably, transhumant. The Saami enjoy the right of usufruct throughout the Saami reindeer pasture area.
Siida with anything from 100-10,000 reindeer of mixed age and sex normally move between discrete summer and winter pastures. Summer pastures are usually,
although not invariably, at the coast where mild, humid weather favors plant growth. Winter pastures are usually, although not invariably, at higher elevation inland
where winters are colder and the snow tends to remain dry and friable and hence easier for the animals to dig through to reach the plants beneath. The reverse
pattern of migration occurs where low lying coastal pastures remain largely free of snow in winter and where inland mountains provide mild, humid conditions in
summer. There are also places where reindeer remain in the same area all the year round, largely performing only altitudinal migration (Figure 3).

In contrast to domestic species, which in Norway remain indoors all winter, reindeer remain outdoors, grazing natural pasture all year round. The animals usually
receive minimal attention in summer. This is especially the case where herds are swum or ferried to islands or led onto peninsulas before calving spring, and where
they remain, undisturbed, until they are gathered for the return journey in autumn (Figure 4). Close herding is normally practiced only during migration and throughout
winter when herders move their animals frequently in response to snow conditions and to the presence of other herds.
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FIGURE 6 | Production and income in reindeer pastoralism in Norway (Saami and non-Saami combined). (A) Annual production of meat (tons). (B) Annual income
(MNOK). (C) Proportion of income from each of three sources: production, State subsidies and State compensation. Sale of meat accounts on average for 90% of
production income while on average 83% of compensation is paid for reindeer lost to predators. Sources: Government of Norway (1992), Norwegian Agriculture
Agency (2019a), and Norwegian Reindeer Husbandry Administration (2006).

Reindeer pastoralism has considerable economic, social and cultural significance for Norwegian Saami. Its principal economic product now, although not historically,
is meat. The level of production of reindeer meat is the same today as it was in 1960 (1960: 1,600 tons; 2018/19: 1,683 tons; Government of Norway, 1992; Norwegian
Agriculture Agency, 2019a; Figure 6). In 2018 meat and other products had a value of NOK 123 million and NOK 67.5 million (~US$ 18 and 10 million, respectively),
equivalent to 49% of the total income of reindeer pastoralism that year (NOK 387 million). Income also derives from government subsidies (NOK 92.5 million, 24%)
and compensation (NOK 104 million, 27%) for animals lost to predators (NOK 92 million) and for pasture lost through encroachment (NOK 12 million; Norwegian
Agriculture Agency, 2019b, p. 2). Saami reindeer husbandry in Norway is beset by conflict and criticism (Figure 5). Pastoralists’ rights of usufruct, ultimately confirmed
following 100 years’ tortuous passage through the courts (see main text), are still challenged, albeit informally but no less bitterly (e.g., Anonymous, 2009; Lysvold,
2017). Public opinion is divided. Claims of ‘overpopulation’ and ‘overgrazing’ (e.g., Government of Norway, 1992; Office of the Auditor General, 2004; Vogt, 2007;
Anonymous, 2012, 2014, 2015a; Haetta, 2018; Enoksen, 2019) are met with counter-claims of misunderstanding and political bias (Benjaminsen et al., 2015, 2016a,b;
Benjaminsen, 2018; Benjaminsen et al., 2019).
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BOX 2 | continued.

Poor rates of production are attributed to high stocking density not predators (Kintisch, 2014) and to high levels of predation not stocking density (Berg, 2018).
Allegations of poor animal welfare (e.g., Gauslaa, 2001; Grendahl and Mejdell, 2012; Lund, 2017; see also Anonymous, 2015b) are symptomatic of dissatisfaction
with reindeer pastoralism (e.g., Salvesen, 2009; Ringjord, 2016; Bergersen, 2017) that is anathema to its adherents (e.g., Sara, 2001; Anti, 2017; Fjellheim, 2020).

BOX 3 | Meteorological terms, models and data

Climate and Weather

Weather is the day-to-day state of the atmosphere. It is, generally speaking, the combination of temperature, humidity, precipitation, cloudiness, visibility and wind
that we experience instantaneously at a given place at a given time.

Climate is a description of the probability of particular kinds of weather at a given place at a given time. It is a statistical norm calculated over a period of time,
usually 30 years, and includes not only middle values but also the characteristic level of deviation around statistical middle values. The climate of a particular location,
region or zone is thus defined in terms of the long-term averages and the frequencies of different kinds of weather conditions observed within it. The popular aphorism
is apt: Climate is what you expect: weather is what you get.

Spatial variation in climate arises as a consequence of latitude, topography and the distribution of land and water (sea or lake). Ambient temperature, for instance,
normally decreases with increasing latitude and altitude (although cold air tends to descend and fill depressions in the terrain when the sun is below the horizon and
the air pressure field connected to the large-scale circulation, and hence wind, is weak). Inland areas tend to be warmer in summer and colder in winter than coastal
areas. When the large-scale circulation is strong, the windward side of mountain areas may be exposed for orographic enhanced precipitation while the leeward side
experiences a ‘rain shadow’ with low precipitation and few clouds.

Temporal variation in climate is in part a product of external and internal forcing at various time scales. Forcing may be natural or anthropogenic. External
forcing, such as variation in solar radiation or in the concentration of greenhouse gases, lead to changes in the total energy budget of the Earth-atmosphere system.
Internal forcing mainly affects the distribution of energy within the Earth-atmosphere system such as, for instance, between the atmosphere and the ocean. Some
of the temporal variation in climate is random, while some of it seems to be relatively regular with distinct patterns and phases of temperature and other weather
variables. Such patterns, captured and quantified in ‘climate indices,” may be quasi-periodic: i.e., they oscillate at more or less distinct frequencies measurable at
annual, multi-annual, decadal or multi-decadal timescales. Examples include the El Nifio-Southern Oscillation (ENSO), the Madden-Julian Oscillation (MJO), the
North Atlantic Oscillation (NAO), the Northern Annular Mode (NAM) or Arctic Oscillation (AO) and the Pacific Decadal Oscillation (PDO). For Norway, the NAO and
AQ are the most important. Positive values of the NAO and AO indices indicate stronger-than-average westerlies over middle latitudes, leading to mild winters and,
especially in western regions, abundant precipitation while negative values indicate the reverse (Hanssen-Bauer et al., 2005) [For details about the various indices
see Anonymous (no date)].

Climate Projections and Climate Predictions

Climate models and weather forecast models are numerical systems based on equations that attempt to capture principal features of the climate system: they
are, however, used in different ways. A weather forecast is a prediction. It aims to predict the weather a few days ahead at specific sites as accurately and reliably
as possible. Weather forecasting is therefore based on detailed descriptions of the current weather that are fed into models that calculate the development of the
weather day by day and even hour by hour. Climate models, by contrast, are used to calculate weather statistics under different boundary conditions (such as the
concentrations of greenhouse gases in the atmosphere). Such models do not aim to predict the weather on a particular day or even the average weather for a
particular season or year; rather, they aim to calculate the long-term weather statistics under given boundary conditions. They generate climate projections, not
climate predictions, because they are based on boundary conditions which may or may not ever actually arise.

Projections of global climate change under different emission scenarios are based on global numerical models of the climate system. Results from different climate
models are compared in the Coupled Model Intercomparison Project (CMIP). The fifth assessment report from the Intergovernmental Panel on Climate Change (IPCC,
2018) is based on results from the 5 phase of this project, CMIP5. The resullts are projections of change in global and continental scale climate under four scenarios
called ‘Representative Concentration Pathways’ (RCPs; IPCC, 2013). The moderate RCP4.5 scenario, which is applied in the estimates in this paper, lies between
the low emission RCP2.6 scenario and the ‘business as usual’ RCP8.5 scenario. Average (mean or median) values from the CMIP5 ensemble exemplify potential
changes in large-scale climate under particular RCPs. The 10 and 90 percentiles of the ensemble are often used to indicate the level of uncertainty in the projections.

Meteorological Data in the Present Study

Meteorological Stations

The data presented here are drawn from the six meteorological stations that are within or near the reindeer winter pasture area of Finnmarksvidda, Norway (Figure 7).
All were originally manned stations but Suolovuopmi, Karasjok and Sihccajarvi were automated in 2005, 2005 and 2009, respectively. The station at Kautokeino has
been relocated twice during the last 50 years and the temperature data have been adjusted to compensate for this, thereby ensuring the homogeneity of the data
time-series.

Study Period

Most weather data have a large stochastic component and long-term trends in weather (the signal) are therefore liable to be obscured by short-term random
variation (noise). Detecting trends therefore requires analysis of long time-series, especially where the trends are weak. Weather records collected at remote stations,
however, are frequently incomplete which reduces the number of datasets available if very long length is an absolute requirement. Here we have used a period of 50
years (1969-2018). This is a compromise but it spans the period in which significant anthropogenic influence on the climate has been recognized (IPCC, 2013) and
it proved long enough to reveal both decadal variation and significant trends in the weather.
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FIGURE 7 | Meteorological stations within the reindeer winter pasture area of
Finnmarkvidda at which the data presented here were collected. These are
Cuovddatmohki (station number 97350, 286 m a.s.l.), Kautokeino (93700,
307 m a.s.l.), Karasjok (97250, 131 m a.s.l.), Sihccajarvi (93900, 382m a.s.l.),
Skogfoss (99500, 55 m a.s.l.) and Suolovuopmi (93300, 381 m a.s.l.). Data for
weather conditions during calving time (May) were collected at Slettnes
Lighthouse (96400, 8 m a.s.l.).

economic legal and social constraints are a feature not only
of Saami reindeer husbandry but of extensive pastoral grazing
systems across the globe.

THE INFLUENCE OF CLIMATE AND
WEATHER ON ANIMAL PERFORMANCE

The Climate Paradox

The influence of environmental variation—specifically, the
supply of water and forage—on the productive performance of
large ungulates has been recognized and recorded for millennia.
The effect of drought on domestic animals in the semi-arid
grasslands of the Middle East is vividly described in the Book
of Joel, parts of which date from the early 8" Century B.C.
(Allen, 1976) and in Hittite mythology of even greater antiquity
(Bryce, 2002). Large annual and multi-annual fluctuations in
the performance of animals in response to corresponding
fluctuation in the weather is a feature of extensive grazing systems
everywhere (e.g., Clutton-Brock and Pemberton, 2004; Thornton
etal., 2009; Megersa et al., 2014; de Araujo et al., 2018).

Interest in the influence of environmental variation on
animal performance has increasingly focussed on the role of
climate change as an ecological driver. Indeed, the biological
basis of the dynamics of wild populations and of production
in extensive grazing systems is now rarely considered in
any other context. This is a paradox because organisms—
specifically, grazing animals and the plants on which they
feed—do not respond to large-scale climate per se. Rather, they
respond explicitly to those features of the thermal environment

that impinge on them, their resources, their competitors,
their predators and their parasites. The growth, survival and
productive performance of grazing animals and the plants they
eat are modulated by ambient temperature, radiation, wind
speed, precipitation and other factors which together constitute
the physical conditions of their immediate environment or, more
simply, the weather (Mount, 1979; WMO, 2010). Weather and
climate are different concepts (Box 3) and large-scale climate has
no bearing on the performance of organisms except insofar as
it influences the conditions to which they are exposed and to
which they respond.

Indices of large-scale climate such as the North Atlantic
Oscillation (NAO) or the El Nifio-Southern Oscillation (ENSO;
Box 3) are nevertheless routinely incorporated within analytical
models of animal performance. There are several reasons for
this. First, they are regularly updated and are available free
of charge on the web. Second, unlike local weather data,
they are spatially extensive and therefore afford investigators a
common numerator with which to evaluate ecological responses
to variation in environmental (meteorological) conditions over
large spatial scales (e.g., Post and Forchhammer, 2002, 2004;
Stige et al., 2006; Post et al, 2009a; Ascoli et al, 2017;
Hagen et al.,, 2017). Climate indices also represent convenient
environmental metrics for use at remote locations where there
are no weather stations, and hence no weather data, for the
same reason (e.g., Forchhammer et al., 2002). Finally, climate
represents an integration of the thermal environment and
indices of climate may therefore capture associations between
environmental conditions and ecological processes better than
more precise metrics (e.g., monthly averages of local weather
variables; Hallett et al,, 2004; Knape and de Valpine, 2011).
The usefulness of indices of large-scale climate in post hoc
accounting of variation in the growth and performance of
organisms has been demonstrated many times in many taxa,
and the expediency of incorporating such indices in analyses
which aim to determine the consequences of climate change for
species and ecosystems has repeatedly been emphasized (e.g.,
Raynor et al., 2020).

It is nevertheless also clear that this approach has limited
predictive power. The impact of global warming on particular
species of large ungulates varies widely across space and time.
Effects of climate change on the physical growth of individuals,
and on the numerical growth of populations, vary from positive
to negative and from weak to strong across the distributional
range of species (i.e., between populations) and over time
(Mysterud et al., 2001; Tyler et al., 2008; Post et al., 2009a; Joly
et al., 2011; Uboni et al, 2016; see also Krebs and Berteaux,
2006). Spatial and temporal variation in the strength and form of
responses of a species to variation in large-scale climate reflects
spatial and temporal variation in the relationship between large-
scale climate and the weather (Post, 2005; Zuckerberg et al.,
2020) and in local ecological settings (Martinez—Jauregui et al.,
2009). Predicting the magnitude and the sign of responses of
large ungulates to changes in climate therefore requires more
information than is contained in summary indices. It is necessary,
for instance, to confirm that components of the weather which
actually influence the metabolic state of focal species (plants or
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The relationship between the intake, retention and loss of food energy is:

good through mobilization of body tissue, including fat reserves.

BOX 4 | How weather influences performance: relationship between the intake, loss and retention of energy

Energy in the food animals eat may be used to fuel chemical and mechanical work, whence it is lost to the environment, or it may be retained in body tissue. Retention
of energy, realized as growth and fattening, influences survival and, where energy is exported as offspring and milk, also production.

MEI=ER+H

where MEI is metabolizable energy intake, ER is energy retained in body tissue and H is energy (heat) lost to the surroundings. When an animal is in thermal equilibrium
(i.e., when there is no change in its mean body temperature), its rates of heat production and heat loss are necessarily equal. From Equation 1 it follows that if the
animal’s rate of intake of metabolizable energy in this state equals its rate of heat loss (i.e., MEI = H), then energy retention is zero (ER = 0). This level of intake is
known as ‘maintenance’. Super-maintenance intake, where metabolizable energy intake exceeds the rate of heat loss (MEI > H) results in net retention of energy
(ER > 0) and hence growth and production. Sub-maintenance intake (MEI < H) results correspondingly in weight loss (ER < 0) as the deficiency in energy is made

(1)

animals) correlate with, and hence may reasonably be assumed
to be a function of, indices of large-scale climate. It is also
necessary to confirm that climate related variation in local
weather conditions is physiologically relevant. Heat loads (hot
or cold) imposed by statistical extremes of ambient temperature,
for instance, are likely to have a measurable impact on the
performance of an animal only where they fall outside its
thermoneutral range (Mount, 1979; Blaxter, 1989). The omission
of either step from analyses that aim to explore the consequences
of climate change for a particular population of a species confines
results within the realm of attractive but inconclusive association
(Seebacher and Franklin, 2012; Cooke et al., 2013).

Local Conditions: Influence of Weather on

the Performance of Reindeer

Effects of weather conditions on the performance of animals
derive from situations in which meteorological factors like
solar radiation, ambient temperature, rainfall and wind speed
modulate the flow of energy to or from them and hence
also the amount of energy they retain and can allocate to
growth and production (Box4). Effects of weather conditions
on energy flow may be either direct or indirect. Direct effects
involve the modulation, by the weather, of any one of four
channels of heat flow from the animal to the environment
(i.e., convection, conduction, radiation or evaporation; Mount,
1979). Indirect effects are chiefly associated with variation in
energy supply which, for herbivores, normally means modulation
of the growth and chemical composition of forage plants
and, at high latitudes or altitudes, of the availability of
forage beneath snow.

Direct Effects

The boreal region is cold: the mean ambient winter (October
to April) temperature throughout the distributional range of
Rangifer is 40-50°C below the species body temperature.
(The rectal and brain temperatures of Rangifer resting or
standing at ambient temperature within their thermoneutral
zone ~38°C; Blix and Johnsen, 1983; Mercer et al., 1985;
Blix et al, 2011.) The large temperature gradient between
the animals and the environment renders them potentially
susceptible to hypothermia. However, low temperatures and

high wind speeds have only a small effect on the rate of heat
loss—and hence on performance—in this species because the
animals are exceedingly well adapted to the cold. Their thick
winter coat, with hollow guard hairs filled with a honeycomb
of air-filled cavities separated by thin septa (Timisjarvi et al.,
1984; Blix et al, 2015), provides superb insulation (Nilssen
et al., 1984) even in strong wind (Cuyler and Qritsland, 2002).
Consequently, with the exception of newborn calves, it is most
unlikely that Rangifer ever suffer hypothermia except perhaps
under the most severe weather conditions or when starving
(Blix, 2016; Tyler, 2019). Newborn Rangifer, by contrast, are
highly susceptible to windchill and hence hypothermia. Calves
are born in May and early June at which time cold, wet, windy
conditions, coincidental with the spring melt, generally prevail.
For example, the mean May temperature and precipitation at
Slettnes Lighthouse (station 96400, Figure 7), representative of
coastal calving areas for reindeer in northern Norway, are 4+-3.4°C
(SD 2.8°C) and 35mm (SD 18 mm), respectively (temperature
data for 1969-2019 and precipitation data for 1969-2003 from
the Norwegian Meteorological Institute). Calves are precocious
(Blix and Steen, 1979) but their light brown natal coat provides
poor thermal protection especially when wet (Markussen et al.,
1985). Their principal defense against cold is to increase heat
production by mobilizing deposits of thermogenic brown adipose
tissue with which they are born (Soppela et al., 1986, 1991,
1992; Blix, 2016) but harsh weather at calving may result in
substantial mortality from hypothermia (Kelsall, 1968, p. 238;
Miller et al., 1988).

Indirect Effects

Indirect effects of weather conditions on the performance
of Rangifer are remarkable for their heterogeneity: seasonal
warming, and the increase in precipitation associated
with it, can have both positive and negative effects
on the animals.

Warm weather in spring and summer in a region where
summers are usually cold encourages earlier and faster growth
of tundra plants (Elmendorf et al, 2012; Myers-Smith et al.,
2019; but see Gustine et al., 2017) and warming across the last
four decades has consequently resulted in widespread greening
of the Arctic (Pattison et al., 2015; Zhu et al., 2016; but see
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Lara et al., 2018). Consistent with this, mild spring weather and
earlier snow melt are associated at some sites with increased
availability of forage, earlier onset of plant growth, increased
primary production and, in turn, earlier calving (an advance of
~7 days over 45 years in Finland: Paoli et al., 2018) and increased
body mass of animals in autumn (Norway: Pettorelli et al., 2005;
Tveraa et al., 2013; Albon et al,, 2017; Canada: Couturier et al.,
2009). At other sites, however, warming has negative effects. Mild
weather in spring (May and June) has been associated with heavy
mortality of caribou, owing to the formation of ground (basal)
ice that restricts the animals’ access to forage (Canadian high-
Arctic: Miller et al., 1982; Woo et al,, 1982), and to trophic
mismatch (i.e., the uncoupling of phenological events within food
chains; see Visser et al., 2010; Kerby et al., 2012). The negative
effect of trophic mismatch on cervids has been attributed to
disruption, by an advance in the emergence of forage, of the phase
relationship between the seasonal pulse of primary production
and the seasonal demand for nutrients in lactating females (Kerby
and Post, 2013; Plard et al., 2014). Thus, an advance in the spring
emergence of plants of ~10 days over 5 years was associated with
declines in the rates of production and survival of caribou calves
in West Greenland of ~75% (Post and Forchhammer, 2008; Post
et al., 2008, 2009D).

Winter warming, likewise, has both positive and negative
effects on performance in Rangifer. These derive from the
different ways in which warm weather modulates the snowpack
and, hence, the animals’ access to forage. This especially
important for Rangifer because females are pregnant throughout
winter (the animals mate in October and give birth in May
or early June) and therefore have to meet the metabolic
requirements of gestation at a time when access to forage is
restricted by snow (LaPerriere and Lent, 1977; Skogland, 1978).
Warming stimulates the hydrological cycle and has led to an
increase in the average level of precipitation at mid-to-high
northern latitudes across the last century (Stocker et al., 2014).
Enhanced poleward moisture transport at high latitudes amplifies
this trend (Zhang et al., 2013). Increased precipitation in the
boreal zone can lead to increased accumulation of snow which,
in turn, is associated with reduced body mass of calves at birth
and also subsequently at weaning (Adams, 2005; Couturier et al.,
2009; Hendrichsen and Tyler, 2014). The negative effect of
snow on birth weight reflects reduction of dams’ food intake
and increased energy expenditure during pregnancy owing to
restriction of their access to forage and to the high energy cost
of walking through and digging snow to find food, respectively
(Thing, 1977; Fancy and White, 1985; see also Ossi et al., 2015).
This may lead to reduced allocation of nutrients to placental
and fetal growth and hence to reduced birth weight (Redmer
et al., 2004; Wu et al,, 2006; Wallace et al., 2010). The negative
effect of snow on weaning weight is presumably a result of
fetal programming (Lucas, 1991; Rhind et al., 2001) and to
reduced growth of forage plants (above). Increased accumulation
of snow may also, however, enhance early postnatal growth.
This occurs where the prolonged duration of the melt, reflecting
the greater mass of snow that has to melt, extends the period
of emergence of plants and hence the length of time in which
the animals find and feed on freshly emerging highly nutritious

shoots (Marell et al., 2006, Leffler et al., 2016). That this positive
effect of increased accumulation of snow in winter on growth
of animals in summer, evident in red deer Cervus elaphus and
sheep (Mysterud and Austrheim, 2014), has not been detected
in Rangifer (e.g., Pettorelli et al., 2005) presumably reflects
the complexity of the spatio-temporal dynamics of forage and
foraging on the floral mosaic of tundra-taiga pastures (Skogland,
1980, 1984, 1989; White, 1983; Marell and Edenius, 2006; Mérell
et al., 2006; Gustine et al., 2017).

Interludes of warm weather and rain in winter that
modulate the availability of forage by restructuring the
snowpack are another feature of weather conditions which
has both positive and negative effects on the performance
of Rangifer. Warming that results in the formation of layers
of ice in the snowpack or on the ground beneath it may
reduce the availability of forage causing weight loss and
starvation (Albon et al, 2017; Eira et al, 2018). Such
‘icing’ is held to cause of heavy mortality in Rangifer (e.g.,
Putkonen and Roe, 2003; Bartsch et al., 2010) although
the empirical evidence for the generality of this effect is
surprisingly weak (Tyler, 2010; Hansen et al., 2011; Forbes
et al, 2016). By contrast, the intensity of such interludes,
and the thawing they cause, is on occasion sufficient to
melt snow away, exposing the vegetation and, by thus
increasing the availability of forage (Vibe, 1967; Damman,
1983; Mahoney and Schaefer, 2002), enhancing survival and
reproduction and stabilizing the dynamics of populations
(Tyler et al., 2008; Hansen et al., 2019a).

Weather conditions thus influence the performance of
Rangifer in different ways and through effects that can be
measured at many different scales: locally, regionally, even
continentally. Usually what matters to people and animals most,
however, is the weather local to where they are, will or might
wish to be. The central issue for the present study is the extent
to which trends in climate that are conventionally assessed
at regional, zonal or global scale, actually influence weather
conditions locally within Saami herding areas. This is the topic
of the next section.

METEOROLOGICAL CONDITIONS AT
REINDEER WINTER PASTURE IN
FINNMARK: PROJECTED AND OBSERVED
CLIMATE CHANGE

Projections: Past and Future Trends in

Climate

The boreal zone is currently warming. Climate projections
(Box 3) indicate that the warming is likely to continue
for the foreseeable future (Christensen et al., 2014). Such
projections, based on global climate models, have coarse
spatial resolution (typically 100-200km between the grid-
points). Pastoralists and biologists alike, however, are chiefly
interested in the conditions which affect plants and animals
locally. Local conditions are a product of interaction between
large-scale climate and local topography and generating local
climate projections consequently requires a further stage of
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analysis. Results from the global models are downscaled by
taking account of climate-landscape interactions through
procedures known as Empirical Statistical Downscaling
(ESD; Benestad et al., 2008) and Regional Climate Modeling
(RCM; Anonymous, 2019).

The median projection for the mean annual temperature of
Finnmarksvidda (Figure 7), based on 10 RCMs and modelled
under the RCP4.5 emission scenario (see Box 3), indicates an
increase of 2.5°C across the period 1971-2000 to 2030-2060,
equivalent to a rate of warming of 0.4°C - decade ™! (Figure 8A,
Table 1). This projection closely matches the trend of warming
observed across the region since the 1980s (Figures 8A,C). The
corresponding projection for annual precipitation indicates an
increase of 40 mm (7%) across the same period, equivalent to
7mm - decade™! (1.5% - decade™!, Figure 8B). The trend in
precipitation actually observed across the region, however, is
currently more than twice this (about 3.5% - decade™!) and
exceeds all but the upper part of the ensemble of projections
(Figures 8B,D).

Projections for the duration and depth of snow cover,
produced by running a hydrological model with input from
the projections for temperature and precipitation (Hanssen-
Bauer et al, 2015, 2017), show a reduction in the length of
the snow season all over Norway. The effect is most marked
over coastal lowlands but is also apparent over inland mountain
areas (Hanssen-Bauer et al., 2015, 2017). For Finnmarksvidda,
the RCP4.5 scenario typically gives a reduction in the period
of snow cover of 1-2 months from 1971-2000 to 2071-2100
which, if the trend were linear, would be equivalent to a rate of
3-6 days - decade™!.

Projections for maximum snow depth (measured as ‘water
equivalent, mm) show only small changes over Finnmarksvidda
toward the end of the 21% Century (Hanssen-Bauer et al., 2015,
2017). These include a small reduction for most of the area but
also minor increases at some sites (which vary from model to
model). In neither case are the trends likely to be linear because
snow depth is a function of both precipitation and temperature.
Hence, snow depth is likely initially to increase with increasing
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gridded datasets covering the entire region, based in turn on observations of temperature and precipitation from around 30 meteorological stations within it.
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precipitation in cold areas but then to decrease where increased
temperature causes rain or melting (Hanssen-Bauer et al., 2015,
2017).

Observations: Weather Conditions
1968-2018

Temperature

The mean temperature over the reindeer winter pasture
area of Finnmarksvidda during the snow season (October
to April, O-A) increased by 2.3°C across the last 50 years,
from regression estimates of —10.4°C in 1969 to —8.1°C in
2018 (Figure 9A). The average rate of warming was therefore
0.46°C - decade™!. The observed increase is slightly less than
the median projections for the corresponding period under
a medium scenario (2.5-3.1°C; Table1). The pattern of
warming has been remarkably consistent across the region:
the data from five weather stations spread across 120km
(Figure 7) are closely correlated (correlation coefficients of
inter-annual variation between the stations range from 0.95
to 0.99; Figure9A). The temperature varied considerably
from year to year at every station. The mean annual O-
A temperature (all stations combined) deviated from the
regression model by, on average, |1.1|°C (range: —2.9 to
2.7°C; Figure9B) which is equivalent to half the linear
trend over the entire period 1969-2018. There was also
conspicuous decadal variation in temperature: winters in the
early 1970s and 1990s were consistently warmer than indicated
by the 50-year regression line while the 1980s and late
1990s were consistently colder than indicated by the line
(Figures 9A,B).

Annual and decadal variability in temperature is connected
to variation in atmospheric circulation patterns such as the
North Atlantic Oscillation index (NAO; see Box 3; Hanssen-
Bauer and Forland, 2000; Hanssen-Bauer, 2005). Thus, the
annual mean temperature in the reindeer winter pasture area
of Finnmarksvidda is strongly correlated with the NAO annual
index (Figure 10). The NAO seems to influence trends in
regional weather conditions over several decades, alternately
countering and then amplifying trends related to increases in
concentrations of greenhouse gases (Deser et al., 2017). There
is still no consensus concerning how global warming may
affect the NAO: Rind et al. (2005) have argued that it may
lead to more frequent positive values of the NAO. Such an
effect would potentially amplify the warming of the reindeer
winter range of Finnmarksvidda consistent with the positive
correlation between temperature and the NAO index (Figure 10).
It might also increase precipitation although the correlation
between precipitation and the NAO index in this region is
quite weak (Hanssen-Bauer, 2005). The effects of more frequent
positive values of the NAO on the depth and cover of snow are
likely to be complex. Increased temperature and precipitation
would potentially result in more snow but only so long as the
temperature stayed below 0°C, while warmer temperatures that
reduce the duration of the frost season would potentially result in
a shorter snow season.

TABLE 1 | Projected change in annual and seasonal 30-year averages of
temperature (AT°C) and precipitation (AR %) over the reindeer winter pasture area
of Finnmarksvidda (Figure 7) from the reference period 1971-2000 toward the
middle of the 215t Century (2031-2060) under the RCP4.5 scenario (Box 3).

AT (°C) AR (%)
Annual +2.5 (+1.3, +4.0) +9 (0, +17)
Winter (December-February) +3.1 (+0.7, +5.8) +8 (0, +20)
Spring (March-May) +2.8 (+0.7, +5.1) +8 (=3, +12)
Summer (June—August) +2.0 (+0.8, +3.4) +11 (+4, +24)
Autumn (September-November) +2.5(+0.9, +4.2) +8 (—6, +14)

Results from 10 RCM runs (Hanssen-Bauer et al., 2015, 2017). Data are median (10,
90 percentile).

Start and End of the Frost Season

Consistent with warming, winters are becoming shorter. The
onset of the frost season on Finnmarksvidda has occurred
progressively later, and the offset of the frost season (i.e., the
spring melt) progressively earlier, across the last five decades.
The onset of the frost season has delayed by 9.8 days, from
a regression estimate of 8th October [day of year (DoY) =
280.9] in 1969 to 18th October (DoY = 290.7) in 2018; the
average rate of delay has therefore been 2.0 days - decade™'.
The end of the frost season has advanced by 9.3 days, from
a regression estimate of 27th May (DoY = 116.9) in 1969 to
6th May (DoY 126.4) in 2018; the average rate of advance has
therefore been 1.9 days - decade™! (Figure 11A). Both effects
have been consistent across the region: the data from five weather
stations are closely correlated (correlation coefficients of inter-
annual variation between the stations ranges from 0.68 to 0.86
for the start of the frost season and from 0.37 to 0.83 for the
end of the frost season; Figure 11A). The dates of each, however,
varied considerably from year to year at all stations. The date of
the start of the frost season deviated from the regression model
by, on average, 7.4 days (range: 52 days); corresponding values
for the end of the frost season were 7.5 days (range: 44 days;
Figure 11B).

Thaw Days

The number of days in winter (O-A) with middle ambient
temperature above 0°C (‘thaw days’) increased by 13 (58%)
across the last 50 years, from regression estimates of 22 days
in 1969 to 35 days in 2018; the average rate of increase was
therefore 2.6 days - decade™! (Figure 12A). The period October
to April counts 212 days (213 in leap years), and 35 thaw
days therefore represent 16.5% of the total period. The effect
was consistent across the region: the data from five weather
stations are closely correlated (correlation coefficients of inter-
annual variation between the stations ranges from 0.77 to 0.96;
Figure 12A). The number of thaw days varied considerably
from year to year at all stations. The annual mean deviated
from the regression model, on average, by 5.8 days (range: 30
days; Figure 12B). The average number and average duration of
periods of thawing have increased only slightly across the last
50 years, from regression estimates of 9 in 1969 to 11 in 2018
and from 2.3 to 3.1 days, respectively. Annual values for the
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FIGURE 9 | Winter warming. (A) Mean annual ambient temperature (October to April, O-A) and linear trend in temperature (°C) over the reindeer winter pasture area
of Finnmarksvidda (Figure 7), 1969-2018. Data from five weather stations: Cuovddatmohkki, Karasjok, Kautokeino, Sihccajavri and Suolovuopmi (Figure 7). The
linear regression model (straight black line), O-A(°C)year = [(0.05 - year) — 101.75], r? =0.21, p < 0.001), is based on data combined from all five stations. (B) Annual
deviations (°C) from the regression model.
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trend is indicated by a 10-year running mean (black curve). (B) Relationship between NAOznnua @nd the mean annual temperature over the reindeer winter pasture
area of Finnmarksvidda (Figure 7), 1900-2018. Each point represents one year. Data: Hurrell and National Center for Atmospheric Research Staff (2020), Norwegian
Meteorological Institute.

former, in particular, deviate substantially around the 50-year ~ of 175 and 131 mm, respectively (Figure 14). Moreover, a

trend (Figure 13). conspicuously wetter-than-average period was evident during the
1990s in the west of the region (Kautokeino and Suolovuopmi)
Precipitation but not in the east (Karasjok and Skogfoss), and there was a

Precipitation in winter (O-A) on Finnmarksvidda increased by ~ conspicuous decrease in the level of variation in precipitation in
66 mm (52%) across the last 50 years, from a sum of 127mm in  the east of the region during the decade up to 2018 (Skogfoss;
1969 to 193 mm in 2018 (linear regression estimates; data from  Figure 14).

six station combined), yielding an average rate of increase of

13.4mm - decade™!. The observed annual mean deviated, on ~ Average Depth of Snow

average, by |13.1|% (range: —36.4 to 44.0%) around the linear =~ The average depth of snow in March (the snowiest month)
trend. In contrast to the previous parameters, the linear rate  on Finnmarksvidda increased by 14 cm (31%) across the last
of increase varied substantially across the region, ranging from 50 years, from regression estimates of 45cm in 1969 to
8.6mm - decade™! at Suolovuopmi in the north to 22.3mm -  59cm in 2018; the average rate of increase was therefore
decade™! at Sihccajarvi in the south from initial (1969) estimates 3 cm - decade™! (Figure 15B). This value, however, disguises
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FIGURE 11 | Date of the start of the frost season in autumn and the end of the frost season in spring on the reindeer winter pasture area of Finnmarksvidda

(Figure 7), 1969-2018. Data from five weather stations: Cuovddatmohkki, Karasjok, Kautokeino, Sihccajavri and Suolovuopmi (Figure 7). (A) Annual date of start and
end, and trends in dates from linear regression models: Dategiart = [(0.199 - year) — 110.9], r* = 0.08, p < 0.05 (straight dashed line) and Dateeng = [(—0.188 - year) +
497.2], r* = 0.08, p < 0.05 (straight solid line). (B) Annual deviations from the regression models (days; note expanded ordinate scale). For color codes, see Figure 9.
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FIGURE 12 | The number of days in winter (October to April, O-A) on the reindeer winter pasture area of Finnmarksvidda (Figure 7) with middle ambient temperature
>0°C (‘thaw days’), 1969-2018. Data from six weather stations: Cuovddatmohkki, Karasjok, Kautokeino, Sihccajavri, Skogfoss and Suolovuopmi (Figure 7). (A)
Annual mean value for all stations combined (black curve) and at each station (colored curves; days), and trend in numbers of days from a linear regression model
O-Ayear thaw days = [(0.26 - year) — 491.45], r? =0.22, p < 0.01 (straight black line). The dotted black line shows how the regression estimate for 2018 (35 days) was
exceeded by the observed annual average in only 15.2% (n = 5) of years before 2001 but in 47.1% (n = 8) of years after 2001. (B) Annual deviations from the linear

considerable variation in snow depth from year to year at the
five weather stations (Figure 15A). Annual March depth of snow
deviated, on average, by |6.9] cm (range: —25.5 to 18.1cm or
—45.3 to 37.6%) around the linear trend (Figure 15C). There was
conspicuous decadal variation in snow depth: thus, the 1980s and
1990s were characterised by greater depth of snow than predicted
by the regression model, while snow depths in the first decade
of the present century were consistently lower than predicted
(Figure 15C). The pattern and the rate of increase in snow depth
also varied across the region. The annual coefficient of variation
of snow depth among the five weather stations varied seven-fold,
from 4.6 to 31.4%, while the average rate of increase in snow

depth ranged from 2 cm - decade ! (Karasjok) to 6 cm - decade™!
(Skogfoss; Figure 15B).

Number of Days With Snow Cover

There were on average 21 (9.5%) fewer days with snow
cover in winter (O-A) on Finnmarksvidda in 2018 (n = 198)
compared to 1969 (n = 219); the average rate of decrease was
therefore 4 days - decade™! (Figure 16A). There was, however,
considerable annual variation at all stations (Figure 16A). The
observed annual mean deviated, on average, by [9.5| days
(range: —31.4 to 19.0 days or —14.5 to 9.2%) around the linear
trend (Figure 16B).
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FIGURE 13 | The average number (n) and duration (days) of periods of
thawing in winter (October to April, O-A) on the reindeer winter pasture area of
Finnmarksvidda (Figure 7), 1969-2018. Data combined from five weather
stations: Cuovddatmohkki, Karasjok, Kautokeino, Sihccajavri and
Suolovuopmi (Figure 7). Trend lines derive from linear regression models:
Number of daysyear = [(0.043 - year) — 74.993], r2 =0.08, p = 0.05 and
Average durationyesr = [(0.017 - year) — 30.695], r? = 0.095, p < 0.05.

The climate of the north of Norway is changing and with it, this
analysis has shown, weather conditions that influence the level
of resources on reindeer pasture there. The dynamic, however,
includes another dimension: human intervention can alter the
resource base in ways entirely independent of climate change and
to which the analysis now turns.

HUMAN INTERVENTION IN AN EXTENSIVE
GRAZING SYSTEM

Loss of land area is the greatest threat to future viable reindeer
husbandry [in Norway today].
(Government of Norway, 2016, p. 69)

Reindeer husbandry is an extensive form of land use.
Approximately 40% (141,000 km?) of Norways mainland
is designated reindeer pasture (Box 2) and within this area Saami
herders have—in principle—the right to graze their animals on
uncultivated land (utmark) irrespective of ownership (below).
Herders’ right of usufruct (Box 2), however, affords them neither
exclusive access to land nor protection from the activities of
other land users. Conflicts of interest are common. For herders
the principle issue is the securing of pasture on which to graze
their reindeer. Indeed, the progressive and effectively irreversible
loss of grazing land is recognized as the single greatest threat to
reindeer husbandry in Norway today (Government of Norway,
2016, p. 69).

Herders lose pasture principally in two ways: physical loss and
non-physical loss (Tyler et al., 2007). Physical loss occurs where
pasture is either physically destroyed, transformed into another
biotope (such as water or agri- or silviculture), or rendered
unavailable by the erection of barriers that physically exclude
reindeer from it. Non-physical loss occurs either where herders

are individually or collectively denied the right to graze pasture
that is otherwise available, or where their access to pasture is
reduced by disruption of animals’ mobility (including obstructing
migration routes), or where the value of pasture as a resource
is reduced as a result of human activity, the latter manifest as
avoidance behavior (below).

Physical Loss of Pasture

Expansion of agriculture was historically the principal cause
of loss of prime lowland reindeer pasture in Norway. Ethnic
Norwegian (i.e., non-Saami) people moved north and east into
remote parts of the country throughout the 18® and early 19
Centuries and settled areas that had previously largely been
unoccupied save for Saami. Settlement was encouraged by the
government through legislation designed to stimulate agriculture
by affording farmland legal protection from grazing by reindeer
which was mandated by the imposition of substantial fines on
transgressors (Hetta et al., 1994; Strom Bull, 2015). Today,
by contrast, the principal physical cause of loss of pasture is
construction. Reindeer can graze a field even if they are not
supposed to (Figure 17) but pasture covered by asphalt, concrete,
wood or water leaves them nothing. The effect is absolute and
effectively irreversible.

Domestic and commercial building and infrastructure
expanded across Norway during the 20" Century (Figure 18).
The physical loss of pasture resulting from this, however, was
and is small and localized. In 2019 just 365 km? or 0.5% of
the northernmost county of Troms and Finnmark (74,830
km?) were classified as built upon (data: Statistics Norway
https://www.ssb.no/statbank/table/09594). Agriculture likewise
currently represents only small-scale encroachment, albeit on
the best land: in 2017 just 331 km? or 0.4% of the same area was
under cultivation. Altogether 3,544 km? or 2.5% of the whole
Saami reindeer husbandry area is currently under cultivation
(not including forestry; data: Statistics Norway https://www.ssb.
no/statbank/table/11506). The most extensive components of
infrastructure, in terms of area covered, are technical installations
associated with transport (e.g., roads, airports, energy and water
facilities); the most rapidly increasing component has been
building associated with industry and other forms of commercial
activity (Figure 19). Recreational cabins/huts (Norwegian:
hytter) and their grounds, though small in extent (occupying
in 2017 just 199 km? or 0.1% of the Saami reindeer husbandry
area), are a significant feature of encroachment because they are
invariably situated in the mountains and along the coastal strip
where reindeer graze. On average, 1,450 (range 1,231-2,135) huts
have been built in the Saami reindeer husbandry area annually
during the last 20 years and in 2017 there were some 135,000
huts, almost 1 per km?, there (Data: 1998-2017 from Statistics
Norway https://www.ssb.no/statbank/table/06952).

Non-physical Loss of Pasture
Evolution of the Legal Right to Graze
Saami reindeer herders in Norway, like indigenous pastoralists
throughout the world, generally do not own the land they use.
The utmark on which they graze their animals—and cut timber,
collect fuel, gather berries, catch fish and hunt—is generally
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FIGURE 14 | Total precipitation in winter (October to April, O-A; mm) on the reindeer winter pasture area of Finnmarksvidda (Figure 7), 1969-2018. (A-F) Raw data
from six weather stations: Cuovddatmohkki, Karasjok, Kautokeino, Sihccajavri, Skogfoss and Suolovuopmi (Figure 7). (G) Low-pass filtered data (window ~30 years:
the first and last three years in the time series from each station are excluded). Precipitation increased at all stations over the last 50 years. Linear regression
coefficients (mm - year~') are Cuovddatmohkki 0.860, p = 0.1 NS; Karasjok 1.561, p < 0.001; Kautokeino 1.157, p < 0.001; Sihccajavri 1.190, p < 0.001; Skogfoss
1.226, p < 0.01; Suolovuopmi 2.233, p < 0.01. The level and pattern of change in precipitation was generally uniform across the region but with some exceptions.
Skogfoss and Suolovuopmi, for instance, were consistently wetter than all other stations (G).
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FIGURE 15 | Average depth of snow in March (the snowiest month) on the reindeer winter pasture area of Finnmarksvidda (Figure 7), 1969-2018. Data from five
weather stations: Cuovddatmohkki, Karasjok, Kautokeino, Sihccajavri and Skogfoss (Figure 7). (A) Annual mean values at each station (cm) and annual coefficient of
variation (C.V.) in mean depth across all stations (%). (B) Trends in snow depth from linear regression models. The model for the combined dataset (black curve) is
Average depth (cm)year = [(0.288 - year) — 522.45], r? =0.18, p < 0.01(solid black line). The dotted black line shows how the regression estimate for 2018 (58.8 cm)
was exceeded by the observed annual average only six times prior to 2011. Regression lines (but not data) for each station (excepting the regression line for
Sihccajarvi which is indistinguishable from the line for the combined data set). (C) Annual deviations from the regression model for the combined dataset (cm). For
color codes, see Figure 9; gray: Skogfoss.

owned by the State or by corporate or private non-pastoralists.
Historically, however, it served as de facto commons. The right of
herders to use such land derived from unwritten customary law

and subsequently achieved legal recognition on the principle that
rights accrue where there has been ‘use since time immemorial’
(Norwegian: alders tids bruk; Ravna, 2010a; Strom Bull, 2015).
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FIGURE 16 | Number of days with snow cover in winter (October to April, O-A) on the reindeer winter pasture area of Finnmarksvidda (Figure 7), 1969-2018. Data
from six weather stations: Cuovddatmohkki, Karasjok, Kautokeino, Sihccajavri, Skogfoss and Suolovuopmi (Figure 7). (A) Annual mean value for all stations (black
curve) and for at each station (colored curves; days) and the trend in number of days derived from a linear regression model (data combined for all stations): Number
of daysyear = [(0.43 - year) + 1058.5], r? =0.23, p < 0.001 (black line). The average number of days with snow cover exceeded the regression value for 2018 (198
days) in 29 (91%) of the first 32 years of the series (1969-2000) but in only 10 (56%) of the last 18 years (2001-2018; dotted line). (B) Annual deviations from the
model for the combined dataset (n). For color codes, see Figure 9; gray: Skogfoss.

FIGURE 17 | lllegal grazing: herders are not allowed by law to graze reindeer
on actively cultivated ground (Government of Norway, 2007, §19). Are these
male reindeer, enjoying a lawn on Kvalgysletta just outside Tromsg, Norway,
encroaching on cultivated ground or has cultivation encroached on traditional
reindeer pasture? Photograph: Bjern Lockertsen.

The right to graze utmark, formally codified in the Lapp Codicil
of 1751 (Pedersen, 1987; Hetta et al., 1994; Mazzullo, 2009;
Ravna, 2010b) seems generally to have been accepted until the
late 19" Century when, however, it was challenged on several
grounds. (Note: Lapp’ was a then contemporary word for
‘Saami’).

In 1889 Professor Yngvar Nielsen confronted the
conventional view—that Norwegians encroached on land
to which the Saami, as the original inhabitants, had precedence—
with evidence that the former were in fact the original occupiers.
He argued, in particular, that Saami people did not settle the

area around the town of Roros, in southern part of what is today
the reindeer herding area of Norway (Figure 3), until after it
had been occupied by Norwegians in the 18" Century. From
this it followed that Saami herders encroached on Norwegian
farm and hill pasture rather than the other way around. A Lapp
Commission, convened later that year to investigate Professor
Nielsen’s claim, concurred and, in doing so, legitimized an
interpretation which constrained Saami grazing rights for the
next 100 years (Strom Bull, 2015).

Professor Nielsen’s historical appraisal of patterns of
settlement resulted in a fundamental challenge to herders’ use of
utmark. Thus, in 1926 the view was advanced that the Saami right
of usufruct was an instance not of ‘use since time immemorial’
but of ‘tolerated use’ (Norwegian: tdlt bruk). It followed that
their use was subject to statutory legislation on the basis that a
right conferred by the State might equally be withdrawn at any
time by the State (Strom Bull, 2015). This interpretation was
refined by a judgement in 1955 that herders’ rights of hunting
and fishing applied only to State commons and not to private
land. Private landowners desiring to forbid Saami herders
access to their land prevailed before the Land Consolidation
Court and subsequently at the Court of Appeal before, in 1968,
both the decisions were reversed by the Norwegian Supreme
Court. The Supreme Court ruled that Saami reindeer herders’
historic use of land might on occasion be so grounded in custom
that it could not summarily be equated with usufruct or any
common right of access. In the opinion of the court such use
represented an independent legal basis from which, furthermore,
stemmed the right of compensation for expropriation (Strom
Bull, 2015).

It remained unclear, however, exactly to which areas and
to what land the 1968 ruling applied. In a series of cases,
lower courts attached decisive weight to descriptions of land
use drawn from the report of the Lapp Commission of
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. Distribution of low impact areas
(more than 5 km from any infrastructure)

FIGURE 18 | Loss of habitat: distribution of areas of Norway >5 km from any infrastructure (green shading) 1900-2019. The yellow line marks the southern boundary
of the Saami reindeer husbandry area (see Figure 3). Sources: Nellemann et al. (2003), Norwegian Mapping Authority.
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1889. This encouraged private landowners to claim that Saami
herders had no right to herd reindeer outside areas specifically
mentioned in the Commission’s report. Their challenge, brought
to court in 1995, was indirectly supported by the Royal
Ministry of Agriculture which, ignoring the Supreme Courts
ruling, based the 1978 Reindeer Herding Act on the premise
that the right to engage in reindeer husbandry was governed
exclusively by statutory regulation. The Ministry’s interpretation
was subsequently reversed by an amendment to the Act
passed in 1996. However, it was not until 2001—exactly
250 years after the Lapp Codicil—that the Supreme Court
confirmed the use of utmark for pasturing reindeer to be an
independent right based on use since time immemorial and
independent, therefore, of the provisions of the 1978 Act. On this
occasion, the court explicitly recognized the inherent difficulty
of demonstrating prolonged and continuous use of land. It
therefore specified that weight should always be given to the
‘nature of the right—a reference to the itinerant character of
land use which is the hallmark of reindeer husbandry—and
that lengthy interruption of the use of a particular area was
insufficient to hinder the acquisition of rights of use (Strom Bull,
2015).

Professor Nielsen’s 1889 report thus spawned uncertainty
and controversy which reverberated through the courts for
more than a century and which continues to reverberate in the
public discourse about Saami reindeer pastoralism to the present
day (e.g., Larsen, 2019). It is dismaying therefore to note that
his conclusion regarding the sequence of occupation of land

around Reros, and hence his allegation that Saami reindeer
herders encroached on land already occupied by Norwegian
peasant farmers, was incorrect. In 1799 the Revd. Thomas
Malthus FRS (1766-1834), the English priest and scholar best
known today for his theory of population growth, travelled
through the area that Nielsen explored a century later. He
recorded how Mr. Knoph, the Director of the Reros Copper
Words, informed him that Saami people ‘had inhabited these
mountains before Roros was known.” This, and Malthus’ own
observations of Saami reindeer herders there, only came to light
when the latter’s diaries were published in 1966 (James, 1966, p.
189-195). Knoph’s observations regarding the antiquity of the
Saami presence in the area have subsequently been corroborated
by evidence of Saami heritage throughout the region (Strom
Bull, 2015). The situation around Reros, moreover, was not
unique in this regard. Throughout the country Norwegians
settled areas already used by Saami reindeer herders. Thus,
the valley of Dividalen in Troms and Finnmark in the
north was

‘.. populated ... late. The innermost farm ... was first cleared
in 1844-45 ... The settlers’ conquest of these areas was of major
importance for the use of the mountain [pastures] ... Norwegian
settlements restricted . .. Saami traditional use [Norwegian: ‘hevd’]
of the land and obstructed reindeer husbandry ... Saami dwelling
places were occupied and herders were obliged to shift their
migration routes. ... The State largely supported the [settlers’]
claims [to the land] ... Kalstad (1974, p. 101).
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Legal Constraints on Grazing
Withdrawal of the Right to Graze

Reindeer husbandry ... has been in turmoil since the border was
closed in 1852.”
(Heetta et al., 1994, p. 23).

By far the most extensive loss of reindeer pasture in Norway
occurred and occurs through the withdrawal of herders’ right of
access to land owing to the closure of international borders and
to the reallocation of land for other purposes.

International Borders. Long distance movement of large
ungulates across rangeland is a ubiquitous and defining feature
of extensive grazing systems. In nomadic systems, herds and
herders move continuously, opportunistically seeking transient
pasture resources along paths that may vary substantially from
year to year. In transhumant systems they move between
established points that are likely to be regular and of ancient
pedigree (Blench, 2000). Reindeer pastoralism in Norway is
largely transhumant: Saami herders and their herds normally
migrate between discrete summer and winter pastures with
the former usually, although not invariably, at the coast and
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the latter usually, although not invariably, at higher elevation
inland (Box 2). The animals follow an ecological imperative: they
track changing snow conditions in winter and the phenological
progression of forage plants across spring and summer just like
their wild conspecifics (Skogland, 1984, 1989; Fancy et al., 1989):
herders, of course, move with them.

Historically, reindeer herders in Fennoscandia enjoyed
freedom of passage across the jurisdictionally unchartered
mountains, forests and taiga of the northern landscape. This
situation lasted until the 18" and 19" Centuries when
borders demarcating the then kingdoms of Denmark-Norway,
Sweden-Finland and subsequently Russia-Finland (now the
independent countries of Norway, Sweden, Finland and the
Russian Federation) were extended across the region (Kirchner,
2020).

Border with Sweden-Finland. The Commission responsible for
drawing up the border between northern Norway and northern
Sweden-Finland in 1751 (Figure 20A) accepted that a closed
border would disrupt established patterns of grazing including
the seasonal migration of reindeer across the border. It would
affect Saami herders in Sweden-Finland who moved west over the
mountain divide into Norway in spring before returning east to
the low-lying forests of Sweden in autumn and Norwegian Saami
herders who moved the other way (Figure 3). The Commission
therefore proposed that reindeer herders from both countries
should be permitted to cross the border with their animals
according to customary practice. Herders’ rights of passage across
the border were secured through the medium of an Appendix
(the ‘Lapp Codicil’) to the Treaty of Stremstad of 1751:

‘Recognizing that the Saami require [pasture in] both the lands of
the realm, they shall be allowed to move with their herds of reindeer
across the border into the other kingdom in autumn and spring
according to ancient custom. And there, as before, ... they shall be
allowed to use the land ... to sustain their animals and themselves,
and must be kindly received, protected and helped to justice just like
[all] subordinates of the country [they have entered]’ (Government
of Norway, 2015, §10).

The text of the Codicil, moreover, specified that the document
carried the same legal weight (‘skal ... vere af samme Kraft’) as
the Treaty itself (Government of Norway, 2015).

Freedom of passage, however, did not entail free use of pasture
on each side of the border. The Codicil specified that:

‘Swedish Lapps who move across the border onto Norwegian ground
with their [reindeer shall] pay a ground rent for every 20 animals,
... large and small of both sexes, except for calves born in the same
spring, one Danish shilling or one Swedish styver, in copper coin,
not more...."

while Norwegian Saami (‘Lapps’) traveling in the opposite
direction were to pay exactly twice as much (Government
of Norway, 2015, §13-14). These fees still apply but, given
that they are charged at the original rate, uncorrected for 250
years’ inflation, the charge is minimal (@yvind Ravna, personal
communication, 8 February 2020).

Neither the Commissioners’ appreciation of the
function and significance of transhumance nor the
legal obligation specified by the Lapp Codicil were

sufficient, however, to protect herders’ right of movement
and cross-border grazing from developments in the
organization of, and the relationships between, neighboring
countries (below).

Border with Russia. In 1826 (effective from 1827; Gabrielsen,
2009) the border between Norway and Russia was closed with
the stated aim of preventing disputes of the kind that arose in
the absence of clarity over its exact position (... Grund heraf
villet forebygge de Tvistigheter, som hidtil have kunne opstaae,
paa Grund af, at der savnedes en noiaktig Greendsebestemmelse
imellom Norge og Russland ...” Hetta et al., 1994, p. 14). Then,
in 1852, the border with Finland, which Sweden had ceded to
Russia in 1809, was closed following Russian refusal to be bound
by the Treaty of Stremstad to which she was not a signatory.
Thus, at two strokes of the administrative pen reindeer herders
in Finnmark lost access to half their traditional winter pasture
(Heetta et al., 1994). Not surprisingly, reindeer continued to cross
the border and to use winter pasture in Russia and Finland as they
were accustomed to do and, equally not surprisingly, measures
were instituted to prevent this, including the appointment of
bailiffs whose task was to enforce the new legislation. For 7 years
(1826-1833) Johan Henrik Cappelen served as bailiff responsible
for collecting fines from Norwegian herders whose animals
strayed across the border. The fine was set at one specie dollar
(spesidaler) for each 50 reindeer that crossed. What proportion
of the money ever reached the State coffers is unknown
but Cappelen’s ‘luxurious lifestyle and exuberant extravagance’
(rdflotte levevis og overmodige utskeielser) suggested that it was
probably not large (Gabrielsen, 2009).

The threat of fines did not, however, stop herders moving
animals across the borders. Herders from Varanger in northern
Norway continued to use pasture in Russia, traveling as far
east as the River Titovka and sometimes beyond it onto the
Kola Peninsula (Figure 20B; Leinonen, 2007; Odd Erling Smuk,
personal communication, 5 February 2020). The Russians had no
effective border controls and the practice of grazing animals in
Russia in winter continued until 1918 when civil war broke out
in Finland:

“... war [reached] Petsamo. The hospital in Kirkenes filled with
casualties. ... it was no longer safe to graze reindeer in the Petsamo
region. ... [the now independent country of] Finland closed
the [formerly Russian] border ... and declared that they would
slaughter 10% of Norwegian reindeer that entered the Petsamo area
[which it now controlled]. Actually, they slaughtered all they could
and considerable business activity linked to this developed there as a
result. In the spring of 1918 my great-grandfather and grandfather
removed [with their herd from Petsamo] to Bugoynes where they
stayed until after calving [in May]. Then, around St. Hans’s Day
[24™ June], when the rivers had fallen, they moved [west] onto the
Varanger Peninsula. In this way they saved most of their reindeer.
Many of my relatives on the other hand lost many reindeer—some
lost all: the animals became war food [for soldiers] in Russia.” (Odd
Erling Smuk, personal communication, 6 February 2020).
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Following WWII and area known as the ‘Petsamo corridor’
(Figure 20B), which had been ceded by Russia to Finland under
the terms of Treaty of Tartu in1920, was returned to the U.S.S.R.
(as Russia had now become). In 1949 Norway and the U.S.S.R.
agreed their mutual intention of returning to their country
of origin any reindeer that wandered across the border. The
reality, however, was quite otherwise. Cold War passport controls
and visa restrictions prevented Norwegian Saami herders from
retrieving stray animals (Heetta et al., 1994). (The problem was
one-sided: the Russian side of the border was heavily militarized
and there were therefore no reindeer there to stray the other
way.) The solution was to prevent the movement of animals
and in 1961 construction commenced on a reindeer-proof fence
that ultimately stretched 200 km along the Norwegian side of the
border all the way south to Finland (Heetta et al., 1994). Work
on the fence progressed only slowly. Animals continued to stray
and, in 2010, Russian frustration led to a meeting of no less
than three Norwegian Government departments (the Ministries
of Agriculture and Food, Foreign Affairs and the Environment)
to expedite construction (Lien, 2010). The fence was finally
completed in 2018 (Directorate of Agriculture, 2019).

Border with Finland. The emergence of Finland as an
independent country in 1917 necessitated re-negotiation of
the agreement of 1852 whereby the border between the then
kingdoms of Norway-Sweden and Russia-Finland had been
closed to the passage of reindeer. A convention negotiated

in 1922 set out principles for reducing cross-border grazing:
it specified the duty of herders to prevent it, the rates of
fines, confiscation and slaughter of reindeer which were caught
on the wrong side of the border, and the reimbursement to
the State of the costs of implementing such measures. The
regulations proved ineffective and a new convention, signed in
1935, agreed the erection of 390 km of reindeer-proof fencing
along the border, the cost of which was to be divided equally
between the two countries. This seems, however, never to
have been implemented (Heetta et al., 1994). The situation was
aggravated during WWII. Norwegian Saami herders accused
Finnish herders of crossing the border and stealing reindeer while
Finns, assisted by the German occupation forces in Norway,
presented the Norwegian authorities with successive demands
for compensation for Finnish reindeer lost—presumably claimed
stolen—on the Norwegian side of the border. A third convention
on the prevention of cross-border grazing negotiated in 1948 was
followed by a fourth, in 1952 (subsequently revised in 1962, 1981,
and 2017), which resulted in the erection of 637 km of fencing
along of the border (Hztta et al., 1994; Government of Norway,
2016, 2017, p. 26). Thus, the chronology of the judicialization
of reindeer husbandry (i.e., the introduction of, and reliance on,
judicial means for addressing predicaments and policy questions)
at the border between Norway and Finland had three principle
milestones each almost exactly 100 years apart: the border was
created by the Treaty of Stromstad in 1751 was legally closed in
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FIGURE 21 | Aerial photograph looking from north to south across the Norway-Finland border on Finnmarksvidda (site indicated by a yellow dot on the location map).
The border is evident as a line of change in the color of the ground running horizontally across the middle of the picture. The pale green color of the foreground
(Norway) reflects the presence of a continuous mat of terricolous lichens; the brown color in the upper half of the picture (Finland) indicates the absence of lichens, the
brown color being due to tundra plants (creeping shrubs, graminoids and mosses). Four posts of the fence erected to prevent the movement of reindeer either way
across the border are visible (yellow arrows) in an insert corresponding to the yellow square in the main picture. The lichen mats on the Finnish side of the border have
been destroyed by reindeer trampling them in summer when they are dry and therefore brittle. This in turn is a result of the animals having been prevented by the
fence from leaving the area and moving to their traditional summer pastures near the coast of Norway. Photograph (21st August 2013): Bernt Johansen.

1852 and was physically closed in 1952. The path between these
was flooded by buckets of ink drawn up from a well of legal
argument and diplomatic negotiation.

Disrupting migration, whether by imposing a legal obligation
on herders to prevent the passage of their animals or by
erecting hundreds of kilometers of animal-proof fencing across
the route (like the border fences in the present case or
veterinary cordon fences in Africa [above]), is obviously a major
intervention in the natural function of any extensive grazing
system. The consequences of the closure of the border for
reindeer husbandry in northern Norway and Finland have been
conspicuous and profound:

‘Reindeer husbandry has been turmoil at the border since 1852,
when it was closed, and up to the present day. ... the border
conventions ... have influenced pasture utilization and the pattern
of husbandry, and [consequently] ... the central authorities have
erected an expensive fence system along the border’ (Haetta et al.,
1994, p. 23).

‘Reindeer herding has been greatly affected by closure of national
borders to cross-border herding migration and [the resulting]
foundation of the herding co-operative system ... during the past
decades. ... these have greatly modified traditional pastoralism’
(Markkula et al., 2019).

.. the closure of the [Finnish]-Norwegian border in 1852
revolutionized old nomadic Saami reindeer husbandry [by]
preventing or shortening seasonal migrations’ (Jaakkola, 2014).

The immediate consequence of border closure was that
Norwegian Saami herders in Finnmark lost access to
approximately half their traditional winter pasture, which

was in Finland, while Finnish Saami herders lost access to
all their summer pasture in Norway. This led to conspicuous
transformation of the habitat, particularly in Finland, and of the
structure, organization and pattern of herding on both sides of
the border.

Reindeer winter pastures typically include extensive mats
of terricolous lichens (e.g., Cetraria spp. and Cladonia spp.)
which, unusually among ruminants, are highly digestible in
reindeer (Salgado-Flores et al., 2016) and often comprise a
substantial part of the animals’ winter diet (Storeheier et al.,
2002 and references therein). These lichens are soft and pliant
when wet but brittle, easily fragmented and rapidly eliminated
by trampling when dry (Crittenden, 2000). The border fence
prevented Finnish reindeer from leaving their winter pasture
with the result that they trampled on the lichens in summer,
when they were dry and brittle, and gradually destroyed them.
The effect is evident at the border today as a stark line of
demarcation owing to the presence of lichens on the Norwegian
side and their absence on the Finnish side (Figure 21; see also
Vire et al., 1996).

The closing and subsequent fencing of the border caused
two major transformations in reindeer pastoralism in northern
Finland. First, transhumance was replaced in the 1890s by the
development of an intensive herding system in which animals
organized within cooperatives were grazed all year round within
defined, ultimately fenced, areas. Depletion of the range from
the late 1960s, due in part to the trampling of lichens (above),
however, led to intensive herding being replaced by an extensive
system. In this system animals range freely within the same
fenced areas throughout summer but are gathered and held in
feeding corrals, where they are provided with concentrates, for
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several months in winter (Helle and Jaakkola, 2008; Jaakkola,
2014; Turunen and Vuojala-Magga, 2014).

Unlike in Finland, transhumance persists in Norway but the
closure of the border created a series of problems for herders
there. Topography is crucial to reindeer pastoralism because
local relief influences the physical characteristics of the snowpack
which is a major determinant of the availability of forage for
reindeer in winter (Skogland, 1978; Eira et al., 2018). Loss of
access to areas of favorable terrain across the border in Finland
has had two principal effects. First, it has resulted in heavier
grazing pressure. Second, it has reduced the options available
to herders for adjusting the pattern of grazing in response to
changes in snow conditions during winter. A Saami reindeer
herder from the Varanger area, summarized the situation thus:

“We used to be able to move out of the forest and onto the high
ground in Finland when necessary but we cannot do that now
because the border is closed. Nowadays the way the ground is used is
sometimes all wrong. People stay too long in one place and even use
winter areas in summer. There are now no places we can set aside
for a year or more to guarantee us good grazing in another year. We
know this but what can we do? Where can we go? Some herders feed
concentrates. Others argue. Herds mix and have to be separated. It
is all very difficult” (Inger Anita Smuk, personal communication,
12 February 2020).

Border with Sweden. The legal constraints on cross-border
grazing between Norway and Sweden differ fundamentally from
those at the borders with Finland and Russia: this border has
never been closed. The Lapp Codicil of 1751, which secures the
right of herders and their animals to cross the border according
to ancient custom (above), has never been revoked and therefore
remains in force. However, the reciprocal rights of cross-border
grazing intended and guaranteed by the Codicil have nevertheless
been progressively eroded.

In addition to securing their right to cross the border, the
Lapp Codicil specified a series of duties and responsibilities for
transhumant herders. These included a requirement to report the
numbers and the individual ownership of animals, and to adhere
to itemized limits regarding the use by herders of one country
of pasture and other resources in the other (Government of
Norway, 2015, §§15-21). From these few rules there subsequently
developed more elaborate and comprehensive regulations for
reindeer pastoralism in the two countries of (from 1814 to 1905)
the joint kingdom. Cross-border grazing was regulated by the
Common Lapp Law (Felleslappeloven) which passed into law in
1883 after no less than 40 years’ enquiry and planning. This law
included a novel provision whereby land could, where necessary,
be closed to reindeer specifically to protect the interests of
farming and forestry (Heaetta et al., 1994). Negotiations leading
up to the dissolution of the union of the joint kingdom of
Sweden and Norway in 1905 afforded the Norwegian authorities
an opportunity to tighten this constraint by exerting pressure on
the Swedes to reduce the extent of grazing by Swedish Saami
on the Norwegian side. Reindeer Grazing Conventions were
negotiated and agreed between the now independent countries
in 1919 and 1949. The area of summer pasture in Norway
available to the four northernmost Swedish herding co-operatives

alone was reduced by 53%, from 17,000 to 8,053 km? (Koch
and Miggelbrink, 2011). The dissatisfaction that this caused
festered but the authorities remained resolute. In 1968 a claim
by Swedish Saami for compensation for pasture lost in Norway
following the construction of a hydroelectricity plant at Lake Alte
was rejected on the grounds that under the terms of the 1919
convention members of one country had no independent right
of access in the other. This result was challenged and, later in
the same year, the Norwegian Supreme Court upheld the right
of Swedish Saami to graze summer pasture in Norway according
to the principle of use since time immemorial (Strom Bull,
2015). The courts decision notwithstanding, the Norwegian-
Swedish Reindeer Grazing Convention of 1972 concluded 10
years negotiation by reducing the area of pasture available to the
northern Swedish group in Norway by a further 4,903 km? to just
3,150 km? (Koch and Miggelbrink, 2011). The herder’s overall
loss since 1919 was therefore 82%.

The 1972 Grazing Convention had a term of 30 years and,
anticipating its expiry in 2002, a Norwegian-Swedish Reindeer
Pasture Commission was convened in 1997 to ‘investigate the
question of whether one country’s Saami reindeer herders will
continue to require pasture in all or parts of the reindeer
grazing areas covered by the Convention in the other country
beyond the end of the current Convention’ (Government of
Norway, 2001b). The Commission’s report, submitted in 2001,
was heavily criticized and, in the absence of an agreed basis
for a new convention, the existing one was extended for 3
years to 2005 (Government of Norway, 2017). Sweden declined
further extension after that and consequently there has been
no convention on cross-border grazing between Sweden and
Norway—beyond the principles set out in the Lapp Codicil—
since then. The Swedes consider these principles sufficient but
the Norwegians take the view that additional provisions in
national law are necessary. Their argument is that the Codicil
refers only to customary practice, not specific areas, and is
therefore incompatible with modern regulations regarding the
spatial definition and the temporal and numerical pattern of use
of reindeer pasture. The reciprocal cross-border grazing areas
currently under negotiation are clearly delineated in a document
drafted by both sides (Figure 3). The current impasse regarding
their use means that Norwegian herders have in effect lost their
legal right of access to pasture in Sweden. In the view of the
Norwegian government:

Almost 12 years without a new convention is a very unfortunate
situation. The Norwegian authorities have repeatedly pointed out
to Sweden the importance of ratifying a new convention. Norway
and Sweden have international legal obligations to Sami reindeer
husbandry, including cross-border ... herding. The Government
aims to ratify a negotiated convention as soon as possible and will
continue to exert pressure on Sweden [to this end]’ (Government of
Norway, 2017, p. 60).

In the view of one herder:

“We cannot wait for the law. We, and our Swedish colleagues, agree
that herding cannot stop. It must go on. So we have made our own
private arrangements: we take our animals to Sweden and they
bring theirs to Norway as before. Others are not so fortunate. It is
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now 15 years since there was a Convention on cross-border grazing.
That is two generations of animals. So neither our reindeer nor our
young people now have any experience or even memory of their
traditional pastures across the border. How will they know how to
use them if they are ever allowed to return? And how can you defend
pasture from encroachment if you are never there?” (Ragnhild
Sparrok Larsen, personal communication, 13 February 2020).

Withdrawal of Domestic Grazing Rights. The legal battle for
the right to graze utmark which Saami reindeer herders in
Norway fought across the 20" Century (above) was not won
without casualties, the ghosts of some of which still walk
abroad.

Concurrent with Professor Nielsen’s study of rural settlement
in south-eastern Norway at the close of the 19" Century (above),
the government received persistent complaints from farmers
about damage allegedly done by reindeer to fields, open meadows
and hayracks (Supreme Court of Norway, 1981; Valstad, 1989).
This resulted in the passing, in 1897, of an Act ‘containing
supplementary provisions concerning the Lapps and reindeer
husbandry in those parts of the country south of the county of
Finnmark’ (Government of Norway, 2001a, p. 79; Fjellheim,
2012, p. 129). The new law was swiftly implemented. A series
of governmental executive orders (kongelige resolusjoner literally
‘Royal resolutions’) in 1899-1902 restricted reindeer husbandry
to specified areas within the region. Herders outside those areas
had no option but to move or to abandon pastoralism. They
were in effect outlawed. Martin Jonassen, a spokesman for the
southern Saami, was twice granted audience with Haakon VII,
King of newly independent Norway. In 1906 and again in 1908 he
presented and explained to the King the distress these measures
caused (Oppdal, 2007) although apparently to no avail (Jonassen,
2017).

Some herders ignored the law and returned with their animals
to areas from which reindeer had been banned: courts imposed
fines for illegal grazing in 1907, 1909, 1942, 1944, 1947, and
1975 (Supreme Court of Norway, 1981). Such was the herders’
persistence and, presumably also, so remote were the areas
involved, that the effect of the ban was actually quite limited
for some:

‘.. the ban imposed by the executive orders did not have
any significant practical effects on reindeer husbandry in [the]
Trollheimen [area] ... [Although it] continued for several decades
... [and] there is no evidence that it led to serious conflict with local
people’

(Supreme Court of Norway, 1981).

Herders challenged the withdrawal of their right to graze
both outside the designated reindeer husbandry areas and
within such areas without landowners’ permission in cases
brought before the District Court (1976), the Court of Appeal
(1978), and finally the Supreme Court which ultimately found
against them (Supreme Court of Norway, 1981). The herders’
persistence nevertheless bore fruit when, 3 years later, some
of the land closed by executive order at the beginning of
the century was once more opened to reindeer husbandry
(Government of Norway, 1984).

Regulating Access to Pasture

... society has a duty to help [reindeer herders] such that they can
themselves better apportion and utilize their resources.’
(Ravna, 2011)

The fundamental right to graze utmark that emerged from
the legal gyrations of the last century does not afford herders
free access to pasture or complete freedom to organize grazing
themselves (Government of Norway, 2016, p. 20). Herders
traditional regulatory mechanisms and systems of land tenure
are explicitly subordinate to State management (Turi and
Keskitalo, 2014). Each siida is obliged to maintain no more
than a designated number of animals within designated seasonal
‘pasture districts; access to which follows a designated temporal
schedule (Government of Norway, 2007, §§59-61. Siida: see
Box 2). The current level and pattern of organization evolved
from a system defined in the Reindeer Husbandry Act of 1933
which for the first time determined where and when reindeer
might be pastured. Government bailiffs (lappefogd), appointed
to enforce the regulations, had authority both to grant and
to withdraw permission for herders to graze particular areas
(Bjorklund, 2016). Their authority was enhanced in 1949 by the
creation of a special force of ‘reindeer police’ (reinpoliti) but
the bailiffs and the police were nevertheless deemed inadequate.
Land use conflicts increased, both internally between siida
and externally due, in particular, to encroachment—notably
in the case of the damming of the Alta River (Brantenberg,
1985)—and this, together with policy makers' desire to
‘modernize, rationalize and optimise’ reindeer husbandry, led to
a major revision of the entire regulatory system (Johnsen and
Benjaminsen, 2017). A second Reindeer Husbandry Act (1978)
broadened the scope and authority of the national Reindeer
Husbandry Administration in a manner consistent with the view
that ‘central management [should be] free to organize reindeer
husbandry in the manner that coincides with the prevailing policies

. it is up to the authorities to decide, within the framework of
the law and its intentions, the division of districts, the allotment of
production units, number of reindeer and so on, based on what is
considered appropriate and justifiable’ (Government of Norway,
2001a, p. 124). This Act increased the breadth and complexity
of government administration of reindeer pastoralism, further
eroding Saami land tenure systems and management institutions
and exacerbating tension between State administration and
pastoralists which remains evident today (Ravna, 2011; Turi and
Keskitalo, 2014; Benjaminsen et al., 2016a).

The judicialization of reindeer husbandry and, in particular,
the setting of fixed boundaries resulted in ‘stiffer [administrative]
structures and less room for the solutions that the situation at
all times requires (Government of Norway, 2017, p. 20). A
third Reindeer Husbandry Act (2007), more sympathetic to
the traditions, aspirations and methods of pastoralists—and, in
this respect, considerably more in harmony with contemporary
empowering of indigenous peoples of the North (Coates
and Broderstad, 2020)—therefore relaxed the role of central
administration and awarded herders greater self-determination
(Government of Norway, 2017, p. 39). The principle of use since
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time immemorial was elevated to a ‘central place in reindeer
husbandry law ... [and] ... carries considerable weight in the
setting of [seasonal pasture] boundaries ... (Norwegian Reindeer
Husbandry Administration, 2006, p. 2). The Act nevertheless
retained the view that herders enjoy ‘no common right to graze
their animals wherever they choose’ (Government of Norway,
2016, p. 20) and its provision for the transfer to herders of
responsibility for the division and use of pasture is effectively
unworkable. Under the terms of the Act, grazing within ‘pasture
districts’ is regulated by district boards, composed of local
herders, which are required to develop rules of usage ‘based on
the traditional practice ... [that] promote rational land use ...
[and that do not] conflict with siida rights established separately
in law’ (Government of Norway, 2007, §59). The Act, however,
neither clarifies these objectives nor provides any structure for
the resolution of conflicts which arise where different objectives
prove incompatible. The resulting frustration among herders
(Turi and Keskitalo, 2014) is compounded by the fact that central
authorities retain the right to reverse board decisions thereby
effectively disempowering them (Government of Norway, 2017,
p. 68). A herder who was involved in the drafting of the new Act
summarized her experience thus:

“At first I was optimistic about this but my optimism drained away
as the work progressed. They go around us and avoid the things
that affect us. They do not understand our way of doing things.
Sometimes it seems they do not even want to understand them.
And there are no regulations on how the law should be applied: not
one. This leaves people free to interpret the law however they wish.
The result is chaos: its a real mess.” (Inger Anita Smuk, personal
communication, 12 February 2020).

The management of pasture and, specifically, of access to pasture
is further complicated by the fact that grazing cannot be regulated
independently of the aspirations and requirements of other land
users. From a herders’ perspective land use planning might
legitimately be considered the way in which the State legitimizes
loss of pasture through encroachment. This is the topic of the
next section.

Land Use Planning and Encroachment

‘The extensive nature of land use characteristic of reindeer

husbandry can lead to substantial conflict [of interest where] land

[is required] for building and other commercial activities.”
(Government of Norway, 2017, p. 52)

Weak protection of pasture

Loss of pasture is the greatest single threat to reindeer pastoralism
in Norway today and herders and the Saami Parliament alike
consider the strengthening of legal protection of grazing land a
priority (Government of Norway, 2017, p. 69-70). The situation
is paradoxical because grazing reindeer on utmark is already
explicitly protected by law. The 2007 Reindeer Herding Act
states specifically that “The owner or [other] legitimate user must
not use land ... [to the] material disadvantage or inconvenience
[of] reindeer husbandry’ and it grants herders the right of
compensation for loss of pasture (Government of Norway,

2007, $4, §63). The protection afforded by the Act, however,
is weak. Reindeer pastoralism does not have an exclusive right
of access to pasture within designated reindeer grazing areas:
herders are obliged to concede land to the development of
infrastructure and activities including agriculture (Government
of Norway, 2007, §19), local airports, hydro-electricity facilities
(Nellemann et al, 2003; Bjorklund, 2016), linear structures
(power lines, railways, roads [metalled and unmetalled]: Vistnes
and Nellemann, 2001; Office of the Auditor General, 2004;
Tyler et al, 2016), military training areas (Nellemann and
Vistnes, 2002; Finn, 2019), mining operations (Johnsen, 2016;
Eftestol et al., 2019), wind farms (Skarin et al., 2015; Skarin and
Alam, 2017; Strand et al., 2017), recreational facilities including
private mountain huts (Lie et al., 2006; Anttonen et al., 2011),
ski fields and walking, dog-driving, ski and snowmobile trails
(Office of the Auditor General, 2004; Riseth and Johansen,
2018). All encroachment in reindeer husbandry areas requires a
concession but planning authorities are liberal in their discretion:
there is a gulf between the intention of the law and planning
practice (Hanssen et al., 2018). Norwegian land management
law requires consultation, participation, coordination and
investigation, each stage scheduled in elaborate rules of process
(Government of Norway, 2008). Regulations appended to the
Planning and Building Act specity, in particular, that assessment
of the potential impact of proposed measures on reindeer
husbandry must evaluate the overall (i.e., cumulative) effects of
encroachment and not just its specific effect(s) (Government
of Norway, 2014: Appendix IV). Planning authorities are
nevertheless empowered to rank different societal considerations
and to disregard the interests of reindeer husbandry where other
interests are afforded greater weight (Johnsen, 2016; Winge,
2016). The problem for herders is exacerbated by legal ambiguity
(Ravna, 2011), extensive and burdensome bureaucracy and
asymmetric negotiating procedures (Bjorklund, 2016; Winge,
2016), all compounded by a lack of consideration—or even
understanding—of Saami tradition, aims and perspectives: ..
it seems difficult to get ... elected officials to recognize that
Saami interests are [categorically] different [from those of] other
commercial or even recreational [activities] (Hanssen et al.,
2018, p. 491; see also Wilson, 2003; Turi and Keskitalo, 2014;
Bjorklund, 2016; Lawrence and Larsen, 2017; Persson et al., 2017;
Finn, 2019). All these aspects are explicitly recognized, which
is progress of a kind: ‘The government sees a need to increase
regional and municipal planners’ knowledge of about reindeer
husbandry, [and herders’] and reindeer husbandry authorities’
knowledge about the Plan and Building Act’ and to facilitate,
‘through increased understanding of reindeer husbandry’s use of
the land ... smoother and more predictable land use planning’
(Government of Norway, 2017, p. 54).

The physical loss of pasture associated with construction
is usually small and localized in extent (above). The extent
of non-physical losses, by contrast, can be vast. Losses
due to the withdrawal of grazing rights are extensive and
conspicuous: the area of pasture lost following the closure of
the border with Finland (above) is an obvious example. Losses
resulting from avoidance behavior, by contrast, are extensive
but inconspicuous.
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Avoidance: the Expression of Reduced Value of Pasture
Avoidance is a behavioral response induced by the sight, sound,
or smell of humans or human artifacts either directly perceived
or associated through learning with infrastructure (Dyer et al.,
2001; Barber et al., 2011; Brown et al,, 2012; Shannon et al,
2014). The response is manifest as reduced abundance of the
species of interest in the vicinity of stimuli—the so-called ‘zone
of avoidance.” Hesitant or re-routed passage of animals past,
across or through infrastructure is symptomatic. Such responses
indicate that the value of the site or area has been reduced insofar
as animals are reluctant to use it. Avoidance has been reported in
234 species worldwide, among them reptiles, amphibians, birds
and mammals, in nearly every type of habitat, at nearly every type
of infrastructure and with or without human presence or traffic
(Andrews, 1990; Forman and Alexander, 1998; Lawton et al.,
1998; Trombulak and Frissell, 2000; UNEP, 2001; Nellemann
et al., 2003; Fahrig and Rytwinski, 2009; Benitez-Lopez et al.,
2010; Chen and Koprowski, 2019).

Avoidance in Rangifer ranges from modest withdrawal to
complete abandonment of part of the animals’ normal range.
Zones of avoidance, within which the density of animals is
typically 50-95% lower than in control areas, typically extend
2.5-5km from infrastructure (e.g., Wolfe et al., 2000; Vistnes
and Nellemann, 2008; Skarin and Ahman, 2014; Engelien and
Aslaksen, 2019). Avoidance is not usually evident within the
zone: of 85 studies, only 13% detected avoidance within 2km
of infrastructure while 83% detected avoidance when comparing
the density of animals <2 and >2km from infrastructure
(Vistnes and Nellemann, 2008; see also Skarin and Ahman,
2014; Plante et al, 2018). Abandonment of pasture around
infrastructure, resulting in fragmentation of the range, has
been observed in both wild and domesticated Rangifer. A
spectacular example is the way in which the formerly contiguous
range of wild reindeer in Norway has been fragmented by
infrastructure to such an extent that the animals are now
managed as 23 independent populations (Andersen and Hustad,
2004; Panzacchi et al., 2013a). Avoidance and barrier effects
(i.e., hindrance to passage) in Rangifer have been documented
at roads (Cameron et al., 1992; Nellemann and Cameron, 1996,
1998; Vistnes et al., 2008; Beyer et al., 2016; Plante et al,
2018; Serrouya et al., 2020), power lines (Tyler et al., 2016),
pipelines, seismic trails, oil well and mining sites (Nellemann
and Cameron, 1996; Polfus et al., 2011; Johnson and Russell,
2014; Johnson et al, 2015; MacNearney et al, 2016), dams
and hydroelectric development (Mahoney and Schaefer, 2002;
Nellemann et al., 2003), wind turbines (Skarin et al., 2015,
2018; Skarin and Alam, 2017), hut resorts, ski trails, paths
(Helle and Sérkeld, 1993; Nellemann et al., 2000, 2001; Vistnes
and Nellemann, 2001; Anttonen et al., 2011; Helle et al., 2012;
Lemerises et al.,, 2018; Gundersen et al., 2019) and at forestry
sites (Schaefer, 2003; Anttonen et al,, 2011; MacNearney et al.,
2016; Fryxell et al., 2020; for reviews see Wolfe et al., 2000;
Vistnes and Nellemann, 2008; Skarin and Ahman, 2014). Rangifer
are not unique in this respect. Similar responses have been
observed in other large ungulates including Arabian gazelle
(Gazella arabica, Ross et al., 2019), Balkan chamois (Rupicapra
rupicapra balcanica, Kati et al., 2020), Elds deer (Cervus eldi,

Yan et al., 2013), elephant (Loxodonta africana, Orrick, 2018),
elk (Cervus canadensis, Paton et al., 2017; Prokopenko et al.,
2017; Spitz et al.,, 2019), guanaco (Lama guanicoe, Cappa et al.,
2019), mule deer (Odocoileus hemionus, Northrup et al., 2015),
pronghorn (Antilocapra americana, Jones et al., 2019), red deer
(Cervus elaphus, I’Amico et al., 2016), wild boar (Sus scrofa,
D’Amico et al,, 2016) and wildebeest (Connochaetes taurinus,
Stabach et al., 2016).

Avoidance is a graded response. The strength of expression
of the behavior varies with the type of infrastructure and
with the ecological setting of each encounter. Thus, levels of
avoidance vary with age, sex and life-phase (e.g., migration, post-
calving, over-wintering), and hence with the animals’ imperative
to stay or to move, and also with the proximity of other
stimuli including other types of infrastructure, human activity
and predators (Wolfe et al., 2000; Vistnes et al., 2001; Vistnes
and Nellemann, 2008; Fortin et al., 2013; Panzacchi et al,
2013a; Skarin and Ahman, 2014; Wilson et al., 2016; Plante
et al., 2018; Skarin et al,, 2018). Forestry practices, including
the creation of logging roads, cuttings and transitional forests,
encourage predators (e.g., wolves Canis lupus) which in turn
provoke avoidance (Leech et al, 2017; Mumma et al., 2018)
and even the abandonment of parts of the animals’ former
range (Schaefer, 2003; Anttonen et al., 2011; Fortin et al., 2015;
Rudolph et al., 2017). Extensive developments and high levels
of disturbance (e.g., vehicular and foot traffic) induce stronger
avoidance than smaller developments and low levels of traffic
(Nellemann et al., 2010; Lemerises et al., 2018; Fryxell et al., 2020).
Thus, avoidance typically occurs at rate of a 0-50% reduction
in use of land up to 1km from trails, small power lines and
wooden telephone poles, at around 50% 2.5-5km from large,
single power lines and roads, and at 50-95% 5-10km from
large industrial developments (e.g., dams and hydroelectricity
stations, multiple power lines and pipelines, mines and oil
field complexes) and hut resorts (Wolfe et al., 2000; Vistnes
and Nellemann, 2008; Skarin and Ahman, 2014; Engelien and
Aslaksen, 2019). Animals also practice trade-offs: adult Rangifer
males in particular seem sometimes actively to seek out structures
that afford dry ground, shade or exposure to breezes (e.g.,
buildings, underpasses, elevated concrete pads) which apparently
provide relief from biting insects (Wolfe et al., 2000; Vistnes and
Nellemann, 2008; Skarin and Ahman, 2014). Finally, avoidance
and barrier effects may be short-lived or may persist for years
or even decades after the construction of infrastructure. In
Norway, for instance, the Setesdal-Ryfylke population of wild
reindeer continued to avoid those parts of their range associated
with dams, roads and high-voltage power lines for more than
30 years after these were built (Nellemann et al, 2003) and
barrier effects and avoidance of power lines, in particular, have
been observed to persist for years (Nellemann et al, 2003;
Reimers et al., 2007) or even decades after construction (Vistnes
and Nellemann, 2001; Vistnes et al., 2004). Caribou in Alaska,
likewise, avoided the infrastructure and abandoned the area
around the Prudhoe Bay-Kuparuk oil fields for up to 50 years
after development started there (Nellemann and Cameron, 1998;
Joly et al,, 2006; Johnson et al,, 2019). Responses of similar
duration have been recorded in association with hydroelectric
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FIGURE 22 | Encroachment: map of reindeer migration routes and infrastructure in East and West Finnmark reindeer pasture areas (Figure 3). There are 150 sites in
this area where reindeer traversing their traditional migration routes between summer pastures at the coast and winter pastures inland (red lines) are obliged to cross
roads or pass beneath high voltage power lines. Sources: Infrastructure from the Norwegian Mapping Authority; migration routes from Vorren (1962).

developments and with logging (Mahoney and Schaefer, 2002;  technically demanding to detect. Two alternative approaches
Schaefer, 2003). are commonly used to quantify it. The first involves infrequent

The area of undisturbed pasture within the Saami reindeer ~ observation of the distribution of a large number of animals
husbandry area (i.e., land more than 5km of infrastructure)  (usually a significant proportion of a herd or population) in
decreased by 71%, from ~134,000 km? in 1,900 to 40,000 km? in  relation to infrastructure. This approach is necessarily spatially
2019 (Figure 18). Approximately 102,000 km? (72%) of the total ~ extensive. To confirm or refute the presence of a zone of
area (141,000 km?) now lies within the 5 km impact zones where ~ avoidance along, say, 50km of road requires recording the
animals’ use of pasture is likely to be reduced through avoidance.  position of animals within an area of 1,000 km?, i.e., 50 km
A corollary is that grazing pressure within in the remaining 28%  (the length of the road) x 10km (twice the width of the
low impact areas is likely to have increased correspondingly.  suspected zone) x 2 (each side of the road). Counts are usually
The situation is exacerbated by the distribution of infrastructure. = made from fixed wing aircraft, helicopters, or snowmobiles [or
Roads, power lines and recreational huts are scattered across  on foot along transects where the metric is animal sign (e.g.,
the Saami reindeer husbandry area. Even in northern Norway,  pellet groups) rather than animals themselves]. The obvious
the most remote part of the country, reindeer migration routes  logistic constraint involved in such work means that data are
cross infrastructure at 150 sites (Figure 22). Rangifer commonly  normally limited to just one sample per season, effectively
seem reluctant to approach and, where appropriate, to cross  yielding sporadic ‘snapshots’ of the distribution of animals.
infrastructure (i.e., roads), and intersections of this kind therefore ~ This is a severe limitation in the case of a long-distance
represent obstacles that impede and delay their passage (Wolfe  migratory species like Rangifer. The second approach involves
et al., 2000; Dyer et al., 2002; Cameron et al., 2005; Degteva and ~ frequent observation of the distribution of animals in relation to
Nellemann, 2013; Panzacchi et al., 2013a,b; Muhly et al,, 2015;  infrastructure made using GPS localization transmitters mounted
Skarin et al., 2015; Wilson et al., 2016). on collars which the animals wear around their necks. This

Avoidance behavior is as prevalent and pronounced as its  method generates vast amounts of precise data about the
effect on the distribution of animals is inconspicuous and  pattern of movement of the marked animals. Sample sizes,
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TABLE 2 | Comparison of characteristics of studies which have drawn opposite conclusions about the effect of infrastructure on Rangifer.

Impact of Funding Journal impact factor (JIF) Proportion of papers Number of radio-collared animals in GPS studies
infrastructure published in journals (by source of funding)
with JIF >2
Industry Government or Principally industry Principally government or
research council research council
% (n) % (n) Mean % (n) Mean Mean
(SEM, n) (min. - max., n) (min. - max., n)

Negative 19% (8) 81% (35) 2.91(0.19, 43) 74% (43) 0 97 (23-510, 34)
Positive, 55% (6) 45% (5) 1.76 (0.31, 11) 9% (11) 23 (14-32, 4) 24 (14-39, 2)

minor or none

a b c

Conclusions are classified as either (i) negative impact (avoidance or cumulative impact), or (ij) positive, minor or no impact. The Table compares conclusions in relation to source of
funding and the impact factor of the scientific journals in which the studies were published (source: Thomson-Reuters ISI database using the search term <Rangifer* and Avoidance*>
2007-2020; accessed 12 May 2020) and to the number of radio-collars deployed in studies which used GPS tracking to record the dispersion of animals in relation to infrastructure
(source: Thomson-Reuters ISI database using the search term <Rangifer* and GPS> 2011-2020; accessed 11 July 2020).

SEM, Standard error of the mean.

ay?[l,n=>54]=4.17,p < 0.05.

bz=3.157,df =53, p < 0.01.

cx2[1,n=>54]=1572, p < 0.001.

however, are usually small: studies typically monitor just some It may be significant that GPS-based studies which detected
tens of individuals that, in turn, usually constitute a tiny  significant negative impact of infrastructure on Rangifer have
fraction of the population of interest. Both approaches thus have  consistently used substantially larger sample sizes than those,
limitations but methodology is not the only factor that influences  including those funded by industry, which detected positive,
the likelihood of detecting avoidance: source of funding is  minor or no impact (mean number of collared animals per study:
also a determinant. negative impact 97, low impact <24; Table 2). GPS tracking
In Norway, like many other countries, developers are required ~ potentially provides important insight about animal movements
by law to assess the environmental impact of their activity.  but may also mislead where researchers, constrained by cost,
Assessment is not invariably independent and impartial. Many  deploy too few units thereby unwittingly diminishing their ability
examples of such work being carried or contracted out by the  to draw robust population-level inferences from their results
developers themselves confirm the wisdom of the proverb that  (Leban et al, 2001; Lindberg and Walker, 2007; Hebblewhite
‘He who pays the piper calls the tune’ (Oreskes and Conway,  and Haydon, 2010). Consistent with this, studies which have
2010). We examined potential sponsor bias in the conclusions of ~ reported low impact have generally published in journals with a
54 studies of the effect of human activity and/or infrastructure  lower impact factor (JIF) than those which have reported negative
on spatial distribution and range use in Rangifer. The studies, all ~ impact [mean JIF: low impact 1.76 (0.31 SEM), high negative
published since 2007, were recovered from the Thomson Reuter ~ impact 2.91 (0.19 SEM), p < 0.01; Table 2]. Indeed, only one
ISI database using the search criterion <Rangifer* avoidance*>.  (9%) of 11 studies which have reported low impact was published
We classified the principal finding of each study as either (i)  in a journal with JIF >2 compared to 74% of those which have
negative impact or (ii) low impact (positive, minor negative,  reported negative impact (p < 0.001; Table 2). There are several
or no avoidance). We also classified each study as either (i)  potential explanations why particular classes of results come to
funded wholly or in part by a developer (usually an industrial ~ be associated with more or less highly rated scientific journals,
concern responsible for the installation and subsequent use of  respectively, but it is not our intention to examine these here. It is
infrastructure) or (ii) funded by government agencies or research  sufficient to note that avoidance is considerably less conspicuous
councils. Remarkably, a significantly lower proportion of studies  in studies funded by parties which have a vested interest in
funded by industry detected negative impact of encroachment.  being disassociated from such behavior. Such bias undoubtedly
Of the 54 studies, 43 (80%) concluded that Rangifer were affected ~ contributes to the tendency for non-physical losses of reindeer
negatively by infrastructure or human activity but of these just 8  pasture to fade from public awareness. We return to this in
(19%) were funded by industry while 35 (81%) were funded by  the Discussion.
non-industry sources (p < 0.05; Table 2). The apparent influence
of source of funding on the likelihood of detecting avoidance ~ DISCUSSION
is also evident in the subset of studies that used GPS tracking
to record the position and movements of Rangifer in relation  In this paper we returned to the suggestion that the effects of
to infrastructure. Of 34 (85%) of 40 such studies that detected ~ human intervention and, in particular, the loss of pasture through
negative impact of infrastructure, all were funded principally by  various forms of encroachment, dwarf the putative effects of
non-industry sources: none of those funded by principally by  climate change on Saami reindeer husbandry in Norway (Tyler
industry detected negative impact (Table 2). et al., 2007). Our approach has been to juxtapose examination
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of the characteristics and influence of climate and encroachment
on the resource base of this pastoral grazing system. We made
five principal observations. First, northern reindeer pasture lands
are warming and seem likely to continue to do so. Second, semi-
centurial (50 year) trends notwithstanding, seasonal weather
conditions show a high degree of annual and decadal variation:
local ambient temperature, precipitation and the characteristics
of the snowpack remain highly unpredictable on both time-
scales. Third, warming has both positive and negative effects
on ecosystem services for reindeer in Fennoscandia: the role of
climate change as a driver of change in reindeer pastoralism
is neither temporally nor spatially uniform, nor even clear. In
contrast, fourth, the effects of human intervention on reindeer
pastures throughout Norway are consistently negative. Saami
reindeer pastoralists in Norway struggle with loss of pasture from
physical encroachment and from administrative encroachment
which erodes their independence and constrains their freedom
of action on the land that remains available to them. Both
are conspicuous, pervasive and continuing effects and they
represent the principal threat to reindeer pastoralism in Norway
today. Herders resist and, in doing so, provoke negative public
discourse about their way of life: Saami reindeer pastoralism
is consequently perceived as—and indeed is—problematic. It is
so, fifth, because it is extensive pastoralism and, as such, it is
confronted by myriad administrative, economic, legal and social
constraints of a kind which bedevil extensive pastoral grazing
systems across the globe.

Weather Over Reindeer Pasture: Trends,

Variation and Effects

Local data demonstrate clearly that Finnmarksvidda has become
progressively warmer and wetter across the last 50 years
(Figures 8,9, 11-15). The pattern of development of the weather
is not unique to this area: similar trends (i.e., generally warmer
winters, increased precipitation in winter, shorter period of snow
cover, earlier melt, later freeze up and hence longer plant growing
season) are evident across northern Fennoscandia (Forland et al.,
2004; Markkula et al., 2019). A major point of interest is
whether these trends will persist. Several projections are available
(Raisdnen, 2012; Hanssen-Bauer et al., 2015, 2017; Benestad et al.,
2016) and we chose a ‘middle of the road” emission scenario with
which to project changes in temperature and precipitation across
the present century (Figure 8). Projections, however, are not
forecasts (Box 3): uncertainty arises because future greenhouse
gas emissions are unknown, because of flaws and deficiencies in
the models, and because of internal variability on both annual
and decadal scales (Hawkins and Sutton, 2009, 2011; Hanssen-
Bauer et al, 2017). We therefore validated projections for
Finnmarksvidda externally by comparing them with empirical
field data. We found that the projection reproduced the
development of mean annual temperature measured locally
across the period 1985-2018 remarkably well (Figure 8C).
The climate models we applied evidently performed well and
the downscaling procedure nicely captured the way in which
large-scale climate has influenced ambient temperature over
Finnmarksvidda. On this basis, therefore, it is not unreasonable

to interpret the trajectory of the projection forwards from 2018 as
a prediction (Box 3) and hence to conclude that Finnmarksvidda
is moving into a phase in which the weather will on average be
warmer than at any time during the last 100 years.

The fit between projected and observed precipitation, on
the other hand, was less convincing (Figure 8D). The model
clearly underestimated the observed trend. Precipitation over
Finnmarksvidda followed the 90 percentile of the model
ensemble. This is curious because in other areas models
overestimate observations (e.g., Svalbard; Hanssen-Bauer
et al, 2019). The difference is conceivably due to internal
climate variability which is a major source of uncertainty in
regional precipitation models (Hawkins and Sutton, 2011).
Such variability may have amplified the climate change
signal of recent global warming or alternatively models may
currently underestimate the local effect of the climate change on
precipitation. Either way, the trajectory for precipitation from
2018 remains highly uncertain.

Having elevated the projection of temperature to a prediction,
it is apposite to consider the potential consequences of warming
for reindeer and hence for Saami reindeer pastoralism. The
concept of ‘warming’ has beguiling simplicity in this context. The
effects of warming on habitat services provided by tundra, taiga
and boreal forest are diverse and complex. The boreal zone is
cold and, not surprisingly, plants throughout it generally respond
positively to warming during the growing season (Walker et al.,
2006; Prevéy et al., 2019). Indeed, recent warming is considered
a principal cause of the current greening of the Arctic (Pattison
etal., 2015; Zhu et al., 2016). The effects of warming on ecosystem
function and species’ performance, however, are both temporally
and spatially heterogeneous and, in particular, scale dependent.
The positive effects of warming on plants, plant communities and
biotypes are moderated and even reversed locally by a range of
non-climate factors including geomorphology, surface hydrology
and other features of the physical environment (Lara et al., 2018;
Myers-Smith et al., 2020), species type and community type
and composition (Elmendorf et al., 2012; Gruner et al., 2017),
and grazing by vertebrates (Post and Pedersen, 2008; Bernes
et al., 2015; Bréthen et al,, 2017; Vanneste, 2017; Lokken et al.,
2019; Andruko et al., 2020), invertebrates (Bjerke et al., 2017)
or both (Gamm et al,, 2018). The same applies in the reindeer
pastures of northern Fennoscandia. The effects of warming on
the performance of plants and plant communities there, too, are
modulated by interactions between species and species groups
(plants, lichens and herbivores), soil nutrient availability, inter-
annual variation in weather conditions and human activity
and consequently neither the magnitude nor even the sign
of responses to warming are reliably predicted by changes in
temperature alone (Olofsson et al., 2009; Grau et al., 2012; Bernes
et al,, 2015; Bjerke et al., 2017; Kaarlejdrvi et al., 2017; Maliniemi
et al., 2018; Markkula et al., 2019; Tommervik et al., 2019).

The situation in the non-growing season (winter) is similar.
Assessing the potential consequences of winter warming for
reindeer is complicated by the contradictory nature of the
signal and its effects. The weather on Finnmarksvidda has
changed considerably over the last 50 years: there is and are,
for instance, currently more precipitation (Figure 14), greater
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depth of snow (Figure 15) and more thaw days in winter
(Figure 12) than 50 years ago. The regression estimates for
2018 for these parameters fall outside their former range and
what is statistically ‘normal weather’ today would quite properly
have been denoted statistically ‘extreme weather then. The
trends are clear but their potential consequences, should they
continue, are not. It is frequently suggested that warming in
winter is inevitably likely to have a negative effect on reindeer
pastoralism owing to reduced availability of forage in winter
(through ‘icing’; above) and to the constraining of herders’
options for the use of pasture (e.g., Reinert et al., 2009; Bartsch
et al., 2010; Risvoll and Hovelsrud, 2016; Turunen et al., 2016).
Winter warming, however, also leads to increased ablation
of snow (sensu Forchhammer and Boertmann, 1993), shorter
winters (fewer days of snow cover; Figure 16), and to earlier
and extended growing seasons (Figure 11), all of which are
conditions associated with increased body growth in Rangifer
(Pettorelli et al., 2005; Couturier et al., 2009; Tveraa et al., 2013;
Albon etal., 2017) and, at least in some cases, population increase
(Tyler et al., 2008; Post et al., 2009a). Positive effects of warming
like these, together with a projected reduction in depth of snow
on Finnmarksvidda toward the end of the 21°* Century (Hanssen-
Bauer et al., 2015, 2017), suggest that the overall trend is toward
increasingly favorable winter grazing conditions for reindeer
there, at least in the long term.

The situation is further complicated by the large inter-annual
and decadal variability in the climate of the boreal zone and
to the relatively small signal-to-noise ratio at many sites, net
warming notwithstanding (ACIA, 2005; Figures 2, 8). Winters
on Finnmarksvidda, for instance, were consistently colder in
the 1980s but consistently warmer in the early 1990s than
indicated by the linear regression line (Figure 9). The duration
of snow cover likewise was consistently longer than expected in
the 1990s (Figure 16) and there was considerably less depth of
snow than expected throughout the first decade of the present
century (Figure 15). Projections from numerous climate models
suggest that the inter-annual and decadal variability in conditions
characteristic of the boreal zone will persist, albeit around a
new level. The effect of this, we suggest, will be perpetuation of
the current pattern whereby the effects of general warming on
grazing conditions are alternately amplified and then diminished
across the region.

Our analysis also revealed substantial local variation in
weather conditions. We have already noted how in some
areas of Norway the normal pattern of migration, in which
herders and their reindeer move inland in winter to escape
difficult snow conditions at the coast, is reversed where local
conditions render coastal pastures snow free in winter (Box 1).
Conditions also vary substantially within seasonal pasture areas.
In the 1990s, for instance, the weather was markedly wetter
than expected at Suolovuopmi and at Kautokeino but not
at four adjacent sites (Figure 14). There were likewise on
average nearly twice as many thaw days in winter at Karasjok
(mean 37 days - winter™!, 7.9 SD) than just 70km away at
Sihccajarvi (mean 21 days - winter™!, 7.9 SD; data 1969-
2018; Figure 12). The unstable winter temperatures at Karasjok,
reflecting its relatively low altitude (140 m a.s.l.), conceivably

impinge on the snowpack, rendering it denser and harder and,
in turn, rendering winter grazing conditions more difficult for
reindeer there compared to at Sihccajarvi (375m a.s.l.). This
could easily be tested. Local variation in weather conditions
that influence the performance of wild Rangifer translate into
spatial heterogeneity in individual and population responses
to climate change (e.g., Post, 2005; Post et al., 2009a; Hansen
et al., 2019b) and there is no reason why this should not be
the case for domesticated Rangifer, too. This also could easily
be tested.

Climate change is widely presented as a threat to the condition
of reindeer pasture and, by extension, to reindeer pastoralism.
Its potential to corrupt grazing conditions in summer or winter
or in both is consistently emphasized in studies and reports,
irrespective of whether this was their primary focus (e.g., Weladji
and Holand, 2003; ACIA, 2005; Rees et al., 2008; CAFF, 2013)
or merely their justification (e.g., Paoli et al., 2018). Emphasis
solely on negative effects of climate change, however, is partial
and perhaps premature. Trends in weather conditions, and the
specific effects of variation in weather on ecosystem services,
vary qualitatively and quantitatively, temporally and spatially
around northern Fennoscandia (Markkula et al, 2019 and
above). The influence of climate change on reindeer pasture
there is neither uniformly positive nor uniformly negative:
it is a combination of both. The chief feature of the role
of human intervention on reindeer pasture, by contrast, is
consistently negative.

Human Intervention on Reindeer Pasture:
Out of Sight, Out of Mind

Climate is a forcing agent: it modulates the performance of
reindeer through its influence on weather and pasture conditions.
Humans are also forcing agents and their intervention has eroded
and is continuing to erode the resource base of the reindeer
extensive grazing system. In this paper, as previously (Tyler et al.,
2007), we distinguished two aspects of such erosion: physical loss
and non-physical loss of pasture. Physical loss of pasture as a
result of construction, especially construction of infrastructure,
and of the transformation of uncultivated land (utmark) into
other biotopes, is tangible, conspicuous but clearly only limited
in extent. Buildings, infrastructure and agriculture cover no more
than 1% of the county of Troms and Finnmark which is the
principal reindeer husbandry area in Norway (above). Non-
physical losses of pasture due to the withdrawal of grazing rights
and to the reduction in the value of pasture, by contrast, are
neither tangible nor conspicuous. Their extent, however, is vast:
50% of traditional winter pasture was lost when the border with
Finland was closed; 72% of remaining pasture lies within 5km
of infrastructure and is therefore likely to be under-used by
reindeer to some degree. Though potent and prevalent, such
losses are prominent neither in official nor public discourse
concerning the state of reindeer pastoralism. Avoidance behavior,
for instance, is afforded but one sentence in the recent White
Paper on reindeer husbandry (Government of Norway, 2017;
but see Frostating Court of Appeal, 2020a). There are several
reasons for this.
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First, short-term memory. Border closures quickly fade from
public awareness. This is not surprising: remote land lying
beyond remote borders is literally out of sight and events of
more than half a century ago (in the case of the closure of the
Russian and the Finnish borders) are not surprisingly out of
mind. The closure of the border with Sweden is more recent and
has not been forgotten, albeit that negotiations to reopen it have
stagnated (above). The area of pasture potentially available to
Norwegian Saami in Sweden (14,000 km?), however, is equivalent
to just 10% of the Saami reindeer husbandry area in Norway
and the problem probably achieves little prominence for that
reason.

Second, pragmatism. Government policy regarding the
management of reindeer pastoralism in Norway is sharply
focussed on the productive performance of the animals and
on the environmental consequences of grazing. Management
policy has been supported and encouraged by evidence of poor
body growth of reindeer and of density-dependent changes in
the biomass and botanical composition of reindeer pasture,
especially in the north of the country (Fauchald et al., 2004;
Brathen et al, 2007; Ims et al, 2007; Tommervik et al,
2009). These perceived evils have been attributed to overgrazing
associated with their being ‘too many reindeer’ (e.g., Office
of the Auditor General, 2004; Riseth and Vatn, 2009; Pape
and Loffler, 2012; Benjaminsen et al., 2016b, Skonhoft et al.,
2017). From this interpretation stems policy and legislation
aimed specifically at reducing numbers of reindeer and thereby
in some unspecified way achieving ‘ecological, economic and
cultural sustainability’ of reindeer pastoralism (Government
of Norway, 1992, 2007, 2017; see also Tyler et al, 2007).
The terminology is unfortunate: ‘overabundance’ (‘too many’
animals) and ‘overgrazing’ are diffuse, plastic concepts in ecology.
They are neither generally applicable nor, often, even meaningful
outside the confines of definitions specific to the ecological
settings of particular classes of cases (see Caughley, 1981; Behnke
and Scoones, 1993; Behnke, 2000; Mysterud, 2006). Domesticated
reindeer in Norway obviously impose heavy grazing pressure on
utmark: 215,000 animals within 141,000 km? (Box 2) constitute
an average density of 1.5 reindeer - km~2. This is six times
the average density of domesticated reindeer in Eurasia as
a whole (0.25 reindeer - km~2%; Box1). However, where—
and for whatever reason—it is considered desirable to reduce
stocking rate, invoking value-laden terms like overabundance
and overgrazing achieves nothing. Far from serving to enrich
understanding of the biological basis of the situation, it serves
only to direct attention toward the activity of pastoralists who
influence animal numbers and hence the grazing system from
within, and away from those parties who influence it from
without. State management, however, is pragmatic: herders are
less empowered than landowners (including the State) who have
personal, commercial or national interests at stake. It is therefore
invariably simpler to manipulate stocking rate by legislating for
reduction in numbers of animals than for an increase in the area
of pasture on which they may graze (but see Supreme Court of
Norway, 2017).

Third, myopia. Encroachment on utmark occurs piecemeal.
The number of structures (of whatever kind) and the extent of

commercial and recreational activities all increase incrementally,
each encroachment contributing just a fraction of the total.
Recreational huts, single-track access roads and other small
features scattered in the terrain are likely to pass the casual
observer unnoticed and to slip easily through planning
authorities’ bureaucratic nets. Yet huts, though small, are built
in their thousands (Figure 19), access roads carry not only
workers but walkers, and infrastructure is usually aggregated
where the natural relief affords convenient passage for humans
and animals alike (e.g., Nellemann and Cameron, 1996; Forman
and Alexander, 1998; Benitez-Lopez et al., 2010; Panzacchi
et al., 2013a; Plante et al., 2017). Even large scale infrastructure,
likewise, may be rendered effectively invisible. This occurs in
several ways. Ambiguity is one. The validity of the claim that
‘that reindeer husbandry’s land area in Finnmark did not change
significantly [i.e., was not reduced] in the period 2001-2011°
(Government of Norway, 2017, p. 54) depends on how the
word ‘significantly’ (nevneverdig in the original) is construed: the
rate of building there proceeded unabated through this period
(Figure 19). Scale is another. Large local encroachment seems
quite small when viewed in sufficiently broad perspective. The
Mauken-Blatind military training area near Tromse (Figure 3),
for instance, extends over 200 km?: this is just 1% of the
Troms reindeer husbandry area (18,718 km?) but fully 12%
of Mauken reindeer husbandry district (1,699 km?). Finally,
courts evaluating herders’ claims for damages confine their
deliberations to the impact of the infrastructure for which the
developers, as defendants, are responsible: other infrastructure
falls outside their jurisdiction (e.g., Hilogaland Court of Appeal,
2019; Frostating Court of Appeal, 2020b). Animals, however,
make no such distinction. They respond to the sum of constraints
and their responses reflect the cumulative effect of encroachment
(Theobald et al., 1997; Johnson et al., 2005; Krausman and
Harris, 2010). By narrowing the focus such that the effect of
each new intrusion is evaluated in isolation, impact is packaged
and presented in doses small enough to be acceptable to the
public and to planners alike and hence falls from the discourse.
The concept of cumulative effects of encroachment on reindeer
pasture is officially recognized; it is also officially recognized
that it is not currently implemented in the planning process
but remains an ideal which administrators ought to embrace
(e.g., Government of Norway, 2017; Troms County Municipality,
2018).

Encroachment is not the only non-climate anthropogenic
factor which influences the resource base for reindeer.
Manipulation of the number of animals is another. The
data and the interpretation of data on numbers, however, are
contentious. From 1970 to 2010 the number of domesticated
reindeer in Norway almost doubled (Temmervik and Riseth,
2011); in the West Finnmark reindeer pasture area (Figure 3) it
more than doubled, rising apparently from a long-term stable
level of around 40,000 to around 100,000 animals (Figure 23).
The increase has been ascribed to the combination of socio-
economic factors that made reindeer herding an attractive option
for young Saami and to government economic support designed
to stimulate production specifically by increasing numbers
(Government of Norway, 1992, p. 36). The increase had two
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FIGURE 23 | Contrasting accounts of the development of numbers of reindeer
in West Finnmark reindeer pasture area (Figure 3) across the last two
centuries. The lower curve (blue) is based on official records (Temmervik and
Riseth, 2011) while the upper curve (orange) is based on herders’ estimates
(Sara et al., 2016). Sara et al. (2016) attribute the difference between the level
of the two curves to herders’ reluctance to declare the true size of their herds,
leading to chronic underestimation of numbers in the official record (blue)
before relatively rigorous counting procedures were introduced toward the end
of the 20" Century. The accuracy of neither herders’ estimates nor official

records before then is known.

outcomes. The first was depletion of the resource base evident
as an inverse relationship between the number of reindeer and
the cover and biomass of dietary lichens (Office of the Auditor
General, 2004; Tommervik et al., 2004, 2009; Riseth and Vatn,
2009). This was an entirely predictable response. The second
was a reversal of government policy and the introduction of
legislation aimed specifically at reducing numbers (above). This
has been criticized as misguided and theoretically unsound
(Benjaminsen et al., 2015, 2016a, 2019; Marin et al., 2020). Sara
et al. (2016), in particular, argued that the official census data
were inaccurate and that, far from irrupting from a long-term
stable low level, the increase in numbers actually only restored
the population to its former level (Figure 23). Cast in this light,
the point of interest is not the depletion of edible biomass
that accompanied a doubling of the population but the reason
for the remarkable abundance of forage, in particular lichens,
immediately prior to this. Perhaps the richness of the sward and
abundance of forage immediately prior to the increase was an
artifact of several decades of under-grazing co-incidental with
low numbers of reindeer in the 1950s and 1960s? The point will
probably never be settled because there is no objective way of
assessing the accuracy of the two contrasting sets of estimates
(Figure 23). However, the very fact that numbers are contentious
indicates broad acceptance of the fact that manipulation of
population size is another non-climate determinant of the
resource base.

The state and development of Saami reindeer husbandry are
influenced by non-climate anthropogenic factors besides those
that affect the resource base for reindeer. These include predation
(Tveraaetal., 2014), where the intensity of predation is influenced
through legislation designed to protect populations of predators
(Tyler et al., 2007; Vuojala-Magga, 2012; Sjolander-Lindqvist

TABLE 3 | Land use conflicts of the kinds outlined in this paper are not unique to
Saami reindeer husbandry in Norway: they are a feature of extensive pastoral
grazing systems across the globe.

Saami reindeer
pastoralism in Norway

Source or cause
of conflict

World pastoralism (People)
[Source]

Tenure reform Closure of borders. Botswana (Ngami) [3]

Withdrawal of grazing China [21]
rights [39] Kenya (Massali) [23]
Mongolia [43]

Southern Africa [7]

Syria (Bedouin) [11]
Cameroon [33]

India (Bhotiya, Guijar, Tolchha)
[6, 31]

Kenya (Orma and Wardei) [28]
Nigeria (Fulani) [17]

Expansion of
farming or forestry
onto traditional
pastoral rangeland

Locally significant [39]

Mali [33]
Wildlife Widespread [24, 41] Cameroon [40]
management Finland [15]
(including India [30]
protection of Kenya [35]
predators) Nepal [36]
Afghanistan, Pakistan and
Tajikistan [10]
Sweden [19]
Tanzania (Maasai) [27]
Industrial Nussir copper mine and China [18]
development Biedjovaggi gold and semi-arid Africa [4]
(minerals) copper mines [20] Sweden (Saami) [16]
Tanzania [22]
Industrial Widespread (power lines, Kenya [oil, 12]
development dams, wind turbines) [39] Ethiopia [hydroelectricity, 14]
(energy) Sudan (Misseriyya) [oil, 37]
Peru [hydroelectricity, 25]
Russia (Nenets) [9]
Linear Widespread (roads, power  Kenya [26, 38]
infrastructure lines) [39] Russia (Nenets) [9]

South Africa [8, 29]

Military training Mauken-Blatind military Israel (Bedouin) [2]

areas training area [13, 32]

Intervention Finnmark [39]

(de-stocking) to Azerbaijan [34]
reverse perceived China [18]
overgrazing Kenya [5]

Southern Africa [1]
USA (Navajo) [42]

The Table matches eight types of land use conflict prevalent in Saami reindeer pastoralism
with corresponding examples from pastoral systems elsewhere in the world.

Sources: (1) Abel (1993), (2) Abu-Rabia (1994), (3) Basupi et al. (2017), (4) Blench (1996),
(5) Boles et al. (2019), (6) Dangwal (2009), (7) Davies et al. (2020), (8) Dean et al. (2018),
(9) Degteva and Nellemann (2013), (10) Din et al. (2017), (11) Dukhan (2014), (12) Ennsa
and Bersagliob (2016), (13) Finn (2019), (14) Fratkin (2014), (15) Heikkinen et al. (2011),
(16) Herrmann et al. (2014), (17) Higazi (2016), (18) Ho (2016), (19) Hobbs et al. (2012),
(20) Johnsen (2016), (21) Kreutzmann (2013), (22) Lange (2008), (23) Lesorogol (2008),
(24) Linnell et al. (2001), (25) Lopez-i-Gelats et al. (2015), (26) Lovschal et al. (2016), (27)
Lyamuya et al. (2016), (28) Martin (2012), (29) McGahey (2011), (30) Mishra (2001), (31)
Nautiyal et al. (2003), (32) Nellemann and Vistnes (2002), (33) Nellemann et al., 2019, (34)
Neudert et al. (2013), (35) Okech (2010), (36) Oli et al. (1994), (37) Pantuliano (2010), (38)
Said et al. (2016), (39) This paper, (40) Tumenta et al. (2013), (41) Tyler et al. (2007), (42)
Wood (1985), and (43) Wu and Du (2008).

et al., 2020), manipulation of the economic environment
(Reinert, 2006, 2016; Tyler et al., 2007) and the evolution and
development of the social and technological environments that
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influence all aspects of the pastoral way of life (Newhouse,
1952; Herbert, 1976; Government of Norway, 1992; Riseth and
Vatn, 2009; Vuojala-Magga et al., 2011; Risvoll and Hovelsrud,
2016). All these in their separate ways influence the pastoral
system and may therefore reasonably be assumed to reduce the
proportional influence of climate variation on the dynamics of
reindeer husbandry.

The influence of non-climate anthropogenic factors on
reindeer pastoralism has recently received considerable attention
(e.g., Briannlund and Axelsson, 2011; Vuojala-Magga, 2012;
Lof, 2013; Turi and Keskitalo, 2014; Strem Bull, 2015; Riseth
et al, 2016; Tolvanen et al., 2019; du Plessis, 2020; Hausner
et al,, 2020; Kirchner, 2020, this study; see also Lopez-i-Gelats
et al, 2015, 2016). There is increasing recognition that the
effects of human intervention may on occasion far exceed
those of climate variation on reindeer pastoralism (Vitebsky,
2005; Anderson, 2006; Povoroznyuk, 2007; Tyler et al., 2007;
Rees et al., 2008; Konstantinov, 2015; Uboni et al., 2016)
particularly, but not exclusively, in the near-term (Kelman and
Neess, 2019). We have focussed on non-climate loss of pasture
which, in its various forms, is such a potent factor in Saami
reindeer pastoralism in Norway. Norway is a wealthy country
with highly developed and expanding infrastructure. Is the
kind of human impact on pasture and on pastoralism evident
there dependent on close proximity of grazing commons to
industrialized society? Certainly not. No Supreme Court ruling
(above), however favorable to pastoralism, can alter the fact that
herders’ requirements for land on which to graze their animals
is fundamentally incompatible with the requirements of those
who would use the same land for other purposes. Conflicts
of interest, articulated in industrialized Norway in newsprint
(and academic journals) and argued in meeting rooms, council
chambers and courts of law, are a ubiquitous feature of this form
of land use. Land use conflicts of the kinds outlined in this paper
are not unique to Saami reindeer husbandry in Norway: they
are a feature of extensive pastoral grazing systems across the
globe (Table 3).

Saami reindeer husbandry is problematic (Box 2) precisely
because it is extensive pastoralism and, like extensive pastoralism
confronted by rapidly expanding modern society elsewhere
around the globe, it struggles with inexorable piecemeal
diminution of pasture and has to grapple with a plethora of
administrative, economic, legal, social and societal obstacles
associated with this. There is meager comfort in the realization
that populations of wild ungulates are subject to some of same
constraints (Lutz et al., 2003; Hobbs et al., 2008; Venier et al.,
2014; Gordon, 2018). Nor is the prognosis encouraging: civil,
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commercial, industrial, military and private activity are set to
expand throughout the Eurasian Arctic and sub-Arctic and to
reduce the resource base of reindeer pastoralism still further
(Latola et al., 2016; McCauley et al., 2016; Karlsdottir et al.,
2017; Stephen, 2018; Kroger, 2019). On the other hand, the
very existence of reindeer herding today, its shrinking resource
base across the 20™ Century (Figure 18) notwithstanding, is
a testimony to the adaptability and resilience of herds and
herders alike (see Heikkinen et al., 2007; Helle and Jaakkola,
2008; Brannlund and Axelsson, 2011; Vuojala-Magga et al., 2011;
Jaakkola, 2014; Risvoll and Hovelsrud, 2016). Both features are
likely to be sorely tested as development expands north.
Extensive pastoralism is a system that produces food and
sustains culture on land too poor and in environments too harsh
for any form of agriculture. Herders and their animals, the latter
physiologically adapted to local conditions, have developed ways
of life that enable them to thrive and successfully to exploit
grazing opportunities afforded by scattered and ephemeral
pasture resources. Mobility is the key: it is means by which
herders and their animals adjust and adapt to changes in
conditions and in levels resources irrespective of the cause(s) of
those changes. This is evident wherever pastoralism is practiced,
from parched savannah to frozen tundra or steppe. The mobility
of herds and herders, however, is increasingly threatened by
human population pressure, by piecemeal development and by
the loss of grazing rights that are inconsistent with the urban and
agricultural concept of rights achieved through ownership. For
herders, constraints on movement are the primary threat while
securing use of traditional grazing land is the primary goal.
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