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ABSTRACT

Aim Drivers of biodiversity loss are increasingly broad in scale, requiring conser-
vation planning to move towards range-wide assessments. This is especially chal-
lenging for migratory species, such as reindeer or caribou (Rangifer tarandus),
which use only a small portion of their range at a given point in time, and for
which some parts of their range, such as calving grounds, may be much more
important than others. Our aim was to identify potential calving ground habitat
of wild tundra reindeer populations throughout Russia, where scarce knowledge
about seasonal reindeer habitat is an obstacle for conservation planning, and to
assess possible impacts from oil and gas development and climate change.

Location Northern Eurasia.

Method We used occurrence data from known reindeer calving grounds using
species distribution models to first assess calving grounds characteristics and
second predict their distribution across the Russian Arctic. We then compared
our calving ground map with maps of oil and gas development, and a range of
climate change indicators.

Results We found areas throughout the Russian Arctic that are suitable for
calving, including for some wild reindeer populations where calving ground
locations are unknown. Variables relating to resource availability in spring and
predator avoidance were the strongest predictors in our model. Oil and gas
development affects calving grounds especially in the Barents Sea region and in
south-western Siberia, whereas climate change affects calving grounds on
Taymyr, Chukotka, and Kamchatka.

Main conclusions We conducted the first assessment of calving grounds of
Russia’s wild reindeer populations, highlighting the spatial heterogeneity of the
threats that they may face. Given the potentially strong impact of oil and gas
development and climate change, conservation planning should aim for design-
ing resilient conservation networks that would allow Arctic biodiversity to
freely move in time and space and thus to adapt to changing environments.

Keywords
Arctic, calving grounds, climate change, land use change, oil and gas exploita-
tion, parturition, Russia, seasonal habitat, species distribution modelling.

INTRODUCTION

et al., 2002; Kuemmerle et al., 2011; Redford et al., 2011).
This is particularly challenging for migratory species, which

As global environmental change accelerates, conservation at any given point in time use only a fraction of their total
planning faces the challenge to move beyond protecting indi- range (Berger, 2004; Mueller et al, 2011; Singh & Milner-
vidual sites towards range-wide assessments (Sanderson Gulland, 2011). However, not all parts of their ranges are
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equally important for migratory species’ populations (e.g.
growth, survival or reproductive success). Because inadequate
knowledge of seasonal habitat use can result in protected
areas that do not actually protect the full range of species
(Singh & Milner-Gulland, 2011; Taillon et al., 2012), identi-
fying critical habitat, such as migratory stopover, breeding or
nesting sites, is crucial for effective conservation planning
(Berger, 2004; Martin et al., 2007; Bolger et al., 2008). Spe-
cies distribution models are powerful tools to map species’
ranges, but have so far mainly been used to map entire
ranges (Zurell et al,, 2009; Franklin, 2010) rather than the
most critical parts of a given species’ range.

Reindeer or caribou (Rangifer tarandus') play a central
role in Arctic food webs, shapes the region’s plant communi-
ties (Bergerud, 1988; Baskin & Danell, 2003) and is a corner-
stone of the livelihoods of circumpolar indigenous cultures
(Baskin, 2009; Forbes et al., 2009). Wild reindeer conduct
one of the last large-scale migrations of large mammals in
the Northern Hemisphere (Baskin & Danell, 2003). Every
spring, reindeer migrate from wintering ranges in the taiga
or boreal forest to calving grounds and then on to summer
ranges in the tundra, before returning to their winter ranges
in fall. During calving, female reindeer of a population are
highly concentrated (Gunn et al., 2012), and calf mortality
strongly depend on environmental conditions during the
calving season (Baskin, 1983; Skogland, 1989; Griffith et al.,
2002). Thus, although calving grounds are only occupied for
a few weeks, the availability and quality of calving grounds
critically impact reindeer reproductive success and calf sur-
vival and thus ultimately population viability (WWF, 2012).
Unfortunately, calving ground characteristics are not well
understood although forage availability, predator—prey rela-
tions, landscape composition or anthropogenic influence all
influence calving ground selection (e.g. Baskin, 1983; White
et al., 1987; Skogland, 1989; Barten et al., 2001; Post et al.,
2003; Gunn et al., 2012). Likewise, the location and area of
calving grounds remains unclear for many reindeer popula-
tions (Baskin & Miller, 2007; Gunn et al., 2012).

Reindeer are also an archetypical example of a species
affected by global environmental change throughout its
range. Climate change affects Arctic ecosystems strongly via
changing temperature, precipitation regimes and vegetation
patterns (Anisimov & Nelson, 1997; Sturm et al., 2001; Rinke
& Dethloff, 2008). These changes can impact reindeer popu-
lations in both positive and negative ways (Baskin et al,
2008; Joly et al, 2011). Warming can result in higher
resource availability in summer and increased reproductive
success (Griffith et al., 2002). However, climate change can
also lead to reduced reproductive success when parturition
and vegetation green-up are decoupled (Post & Forchham-
mer, 2008), to increased frequency of icing events which can
trigger mass mortality (Bartsch et al,, 2010; Hansen et al.,
2011) and to higher insect harassment in summer which can

"Hereafter, the term reindeer is used to refer to Rangifer tarandus,
including both Eurasian reindeer and North American caribou.
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lower survival rates in the following winter (Skogland, 1989;
Baskin, 2009; Witter et al., 2012).

The Arctic is also rich in oil and gas deposits. Already
more than 400 terrestrial oil and gas fields have been devel-
oped, mainly in western Siberia and northern Alaska
(Gautier et al., 2009). Vast unexplored reserves exist, particu-
larly in Russia (Gautier et al, 2009), and interest in these
deposits is rising as many occur in relative proximity to
major markets such as the European Union. Yet, even small-
scale, low-intensity anthropogenic disturbances can strongly
affect Arctic vegetation and wildlife (Forbes, 1999; Pelley,
2001), including reindeer populations, due to habitat frag-
mentation and increasing human disturbance (Nellemann &
Cameron, 1996; Kumpula et al., 2011). Moreover, although
reindeer populations can adapt well to some extent to
human disturbance, behavioural studies suggest reindeer are
most sensitive to human disturbance during late winter and
the calving season (Dyer et al., 2001; Kumpula et al., 2007;
Anttonen et al., 2011).

Information about reindeer calving grounds and how they
are potentially threatened by climate change and oil and gas
development is particularly scarce in Russia, which is unfor-
tunate, because Russia contains the largest portion of rein-
deer’s range and the status of wild migratory reindeer in
Russia is highly uncertain. Many wild reindeer populations
in Russia have declined recently (Syroechkovskii, 1999;
Baskin & Miller, 2007; Baskin, 2009). Official estimates of
wild reindeer numbers (939,000 in 2010, MNREP, 2011) are
largely driven by the Taymyr population (400,000-1,000,000
animals), whereas the other 95 populations number on aver-
age only 3900 reindeer, and at least 66 populations are under
imminent threat of extirpation (Syroechkovskii, 1999; Baskin
& Miller, 2007). The reasons for these declines are likely
manifold. While hunting of wild reindeer has for long been
an important part of subsistence economies in Russia
(Baskin, 1998, 2000), heavy poaching occurred after the col-
lapse of the Soviet Union due to weaker nature protection
and economic hardships. Moreover, oil exploration and gas
exploration have been booming in Russia, triggering environ-
mental pollution, an inflow of non-native workers, which
often engage heavily in hunting and fishing, and infrastruc-
ture development that fragments habitats (Forbes, 1999; Ba-
skin, 2009; Kumpula et al, 2011). Finally, climate change
will lead to warming and vegetation changes (Russell &
Gunn, 2010; WWF, 2012) and is likely already impacting
reindeer populations in Russia (Baskin et al., 2008; Forbes
et al., 2011), although these impacts are not fully under-
stood. Preserving wild and semi-domestic reindeer popula-
tions, and the key role reindeer play in the socio-ecological
systems of Russia’s north, thus urgently requires a better
understanding of how these threats may affect reindeer
populations.

Here, our goals were to assess, for the first time, the
characteristics and the spatial distribution of wild migratory
reindeer calving grounds throughout the Russian Arctic, as
well as identify their potential threats due to oil and gas
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development and climate change. We used species distribu-
tion models based on a comprehensive set of known reindeer
calving grounds to address the following research questions:
1. What characterizes migratory reindeer calving grounds of
wild populations in Russia?

2. What is the spatial distribution of areas suitable for wild
reindeer calving across the Russian Arctic?

3. Which wild reindeer calving grounds face potential threats
from land use and climate change?

METHODS

Calving ground occurrence data

We analysed the areas of all known wild reindeer calving
grounds. Wild reindeer populations use the same calving
grounds every year in spring for a few weeks (Skogland,
1989; Couturier et al., 1990). However, the exact area used
within a calving ground and the location of this area may
vary from year to year (Schaefer et al, 2000; Hinkes et al.,
2005; Gunn et al., 2012; Taillon et al., 2012) and calving
grounds can differ substantially in size among populations
(Taillon et al., 2012). Here, we refer to calving ground as the
total area within the range of a wild reindeer population that
is used for calving over longer time periods (i.e. decades).
Our calving ground definition therefore includes year-to-year
variation in actual calving area and location, and we did not
map the area used for calving in a particular year.

Maps of calving grounds exist for some wild reindeer pop-
ulations, including those on Taymyr (Kuksov, 1981; Kolpash-
chikov, 2000), in the Lena River delta, and in Yakutia
(Safronov et al., 1999). For other populations, descriptions
of calving ground locations were available from the literature
(Baskin & Miller, 2007), from researchers and local experts
(V. L. Fil, V. I. Mosolov, L. A. Kolpashchikov, pers. comm.),
as well as our own experience of several decades of field
research on reindeer populations in Russia. For all these
populations, we digitized calving grounds using topographic
maps at a scale of 1:200,000 as a reference. We generally dig-
itized calving ground ranges conservatively (i.e. only clearly
documented areas), and we excluded uncertain ranges. Gen-
erally, calving ground maps and descriptions referred to the
total area utilized for calving over time, whereas year-to-year
variations were only available for the Taymyr population. In
total, we digitized 24 calving grounds of wild reindeer popu-
lations (18 based on scientific reports and 6 based on expert
knowledge; out of a total of 50 documented reindeer popula-
tions in our study region). In addition, we included informa-
tion on the calving grounds of 27 semi-domestic reindeer
populations which were digitized in the same way as those
for wild populations. These semi-domestic reindeer popula-
tions occur in regions where wild reindeer populations were
extirpated or severely decimated in the past (e.g. Chukotka
and Yamal Peninsula). The reindeer calving grounds in our
dataset had average sizes of 6750 km? (standard deviation:
11,330 km?) and 1850 km? (1060 km?), respectively, for wild
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and semi-domestic populations. To analyse reindeer calving
ground characteristics and to map calving ground suitability
(see below), we randomly selected up to 25 locations within
each calving ground with a 15 km minimum distance
between points to minimize pseudoreplication (our analyses
was carried out using a 10 x 10 km? grid, see below). In
total, we used 406 calving ground occurrence points (339
points from wild reindeer populations and 67 points from
semi-domestic populations; the calving grounds of 12 wild
and all semi-domestic populations were too small to harbour
25 points, and fewer points were used for these populations).
See Appendix S1 in Supporting Information for a detailed
description of the calving ground data.

Predictor variables and rationale

Our study region included Russia north of 60° latitude plus
Kamchatka. We excluded the portion of Chukotka east of
the datum shift (as no reindeer populations occur there) and
west of 50°E longitude (because of a lack of calving ground
occurrence data).

We gathered five groups of predictors (Table 1), which
influence reindeer calving ground selection (e.g. Baskin,
1983; White et al., 1987; Skogland, 1989; Post et al., 2003;
Baskin & Miller, 2007; Gunn et al., 2012): (a) resource avail-
ability in spring (17 candidate variables), (b) resource avail-
ability in summer (11), (c) predator avoidance (3), (d)
anthropogenic disturbance (2) and (e) landscape composi-
tion (4). We aggregated all predictors to ten-km grid cells
(using cubic convolution for continuous variables and a
majority rule for categorical variables). All spatial layers were
transformed to the Albers equal-area conic projection. A
detailed rational and description of these predictor variables
as well as data sources are provided in Appendix S2 in
Supporting Information.

Predicting calving grounds

To assess the spatial distribution of calving ground suitabil-
ity, we used two nonparametric algorithms and averaged
their results. Averaging results from multiple models often
yields more robust predictions than single models (Aratjo &
New, 2007). Specifically, we used two nonparametric algo-
rithms: maximum entropy modelling (Maxent) and boosted
regression trees (BRTs). Maximum entropy modelling (Phil-
lips et al., 2006) approximate species’ distributions by deriv-
ing a probability distribution, while respecting constraints
inferred from environmental variables. Regularization param-
eters prevent overfitting (Elith ef al. (2011). To fit maximum
entropy models, we used Maxent (v3.3.3, http://www.cs.
princeton.edu/~schapire/maxent/), using default regulariza-
tion and only quadratic and hinge features to avoid overfit-
ting. Boosted regression trees (Elith et al., 2008) fit many
single decision tree models that are then combined for pre-
diction. Overfitting is avoided through regularization, that is,
by jointly optimizing the final number of trees, their learning

Diversity and Distributions, 20, 416-429, © 2014 John Wiley & Sons Ltd
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rate (or shrinkage) and complexity (Elith et al. (2008). We
fitted BRT models in R using the gbm package (http://cran.
r-project.org/web/packages/gbm/), using a bag fraction of
50%.

Some of the predictor variables (e.g. different climate vari-
ables) were correlated (Pearson’s r > 0.85, based on a sample
of 10,000 random locations), which does not impair Maxent
or BRT model performance, but can hinder the interpreta-
tion of variable importance. We fitted alternative models for
correlated variables, retaining the variable yielding higher
overall performance as measured by the mean area under the
curve (AUC) value of the receiver operating characteristics
curve and fivefold cross-validation using validation data not
used for model building (Phillips et al., 2006; Elith et al,
2011). For both algorithms, we used a logit link function to
convert predictions into a calving ground suitability index
ranging from zero to one. The final prediction map of the
contemporary distribution of areas suitable for reindeer calv-
ing across the Russian Arctic was calculated as the geometric
mean of the two respective predictions. Variable importance
was assessed by calculating variable drop contributions in
Maxent (i.e. model performance loss when randomly per-
muting values of a variable on presence and background
data) and the relative variable importance in BRT (i.e. the
number of times a variable is selected for splitting the data,
weighted by the model improvement resulting from each
split).

Analysing potential climate change and human
disturbance effects on calving grounds

To analyse potential threats to calving grounds, we compared
calving ground suitability to indicators of human disturbance
and climate change. Regarding human disturbance, we first
compared our calving ground suitability map to a global
geospatial database of all current and potential future oil and
gas concessions (IHS, 2013). This database captures all
known oil and gas fields and the development status of all
concessions, distinguishing between open areas, bidding
blocks, contract blocks and whether a concession is active or
historical. Open areas are designated for future oil and gas
exploration, and bidding blocks are areas open for leases.
Contract blocks are areas where companies have signed con-
tracts to explore, drill or produce. The database also contains
information on oil and gas pipelines (current and planned;
below- and aboveground).

Second, we overlaid our calving ground suitability with
maps of changes in night-time lights. Yearly maps of night-
time lights from the Operational Linescan System (OLS) sen-
sors of the Defense Meteorological Satellite Program (DMSP)
satellites for 1993-2009 are a good proxy of human presence
and industrial activity (Chen & Nordhaus, 2011). We used
the stable night-time light product (version 4, http://www.
ngdc.noaa.gov/dmsp/), calculated three-year averages for the
focal years 1993 (i.e. 1992-1994) and 2008 (i.e. 2007-2009)
and derived changes in night-time lights between these focal
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years. This time period was characterized by drastic changes
in economic activity and rural population in Russia (Ioffe
et al., 2004; Forbes et al., 2009; Kumpula et al., 2011).

Climate and related vegetation changes may affect reindeer
populations in both negative and positive ways (Sharma
et al., 2009; Joly et al., 2011; WWF, 2012). To assess poten-
tial climate change effects on calving grounds, we analysed
two climate measures: (1) precipitation below 0.5 °C (aver-
age precipitation in March, April and May at temperatures
<0.5 °C) and (2) summer temperature (average temperature
of June, July and August). Changes in winter precipitation
can lead to more frequent freeze-over-thaw events, and ice
rains, as well as deeper snow, all of which can increase rein-
deer mortality (Forchhammer et al., 2002; Sharma et al,
2009; Stien et al., 2010, 2012; Hansen et al., 2011). Changing
summer temperature (i.e. warmer and longer summers) may
result in higher vegetation productivity, but also the decou-
pling of parturition and vegetation green-up, and lower
reproductive success (Post & Forchhammer, 2008), plus
increasing insect harassment (Skogland, 1989; Weladji &
Holand, 2006; Witter et al., 2012). Both climate indicators
were averaged from the outputs of three climate models
(ECHAMS5, HadCM3 and NCAR-CCSM3) from the 4th
IPCC Assessment Report. Climate indicators were calculated
for 2100 (using a baseline period of 1980-2009) under the
A2 (more divided world, continuously rising population and
consumption) and Bl (more integrated, ecologically friendly
world) emission scenarios (Grubler et al., 2007).

To assess potential future changes in vegetation, we
applied the biosphere model LPJmL (version 3.5), which
simulates composition, production and dynamics of nine
natural vegetation plant functional types (PFTs) (Sitch et al.,
2003; Thonicke et al., 2010). Applying LPJmL to the same
climate data, time horizon, and scenarios as for the climate
indicators, we derived two vegetation change indicators (i)
woody vegetation cover and (ii) woody biomass. These indi-
cators capture both shrub encroachment and a potential
northward shift of the tree line, both of which may lead to
increasing predation or decreasing pasture area (Baskin et al.,
2008; Sharma et al., 2009) and thus ultimately to increasing
reindeer mortality.

RESULTS

Reindeer calving grounds in the Russian Arctic were charac-
terized by relatively high herbaceous cover (mean = 65%,
standard deviation = 15%), moderate snow cover after mid-
May (>2 days of snow cover in our case), relatively flat
terrain  (mean = 1.4%, standard deviation = 1.9%) and
south-facing slopes (average southerners index = 76, Fig. 1).
Vegetation productivity at calving sites rapidly increased after
mid-May (Julian days 145-161, Fig. 1), peaking in June and
July (NDVI > 0.6), with little intra-annual variation (stan-
dard deviation always <0.13). Calving grounds generally had
little or no tree cover (mean 8%, standard deviation 15%),
were located at intermediate altitude (mainly 50-350 m

Diversity and Distributions, 20, 416-429, © 2014 John Wiley & Sons Ltd
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(a) Resource availability in spring
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Figure 1 Characteristics of known reindeer calving grounds in Russia according to factors characterizing (a) resource availability in
spring, (b) resource availability in summer, (c) predator avoidance, (d) anthropogenic disturbance and (e) landscape composition. For
details on the calving ground data and descriptive variables see Materials and Methods. For categorical variables (land cover and
vegetation zone), only classes containing more than 5% of the calving ground points are shown. (Acronyms: MODIS, Moderate
Resolution Imaging Spectroradiometer; NDVI, normalized difference vegetation index; VCF, vegetation continuous field product, °C,
degree Celsius, deg, degree). Box plots show the median (straight line), the 25th and 75th percentile (lower and upper box edge,
respectively) and 10th and 90th percentile (lower and upper whiskers, respectively. Julian day references (regular years): 129 (9 May),
145 (May 25), 161 (10 June), 209 (28 July) and 241 (29 August).
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above sea level), afar from the taiga/tundra tree line
(median = 40 km, standard deviation = 90 km), and gener-
ally in regions with very low human pressure (average popu-
lation density <0.05, Fig. 1).

Our modelling approach predicted wild reindeer calving
grounds well, with an average cross-validated AUC value of
0.932 (Maxent = 0.906; BRTs = 0.958) and a standard error
of 0.03 (0.01; 0.01). The final model included 22 predictor
variables, and out of these variables, 13 had a relative contri-
bution higher than in a null model (4.55%, i.e., 100%/22
variables, Fig. 2). Spring resources together accounted for a
relative contribution of 47% (cumulative contribution, aver-
age of both algorithms), followed by summer resources
(21%), predator avoidance (19%), landscape composition
(12%) and human disturbance variables (<1%). Response
functions were mainly hump-shaped (e.g. snow cover,
distance to tree line) or linearly increasing (e.g. mean NDVI
variables) (Fig. 2).

Our best model predicted widespread areas suitable for
wild reindeer calving across the Russian Arctic (Fig. 3).
Potential calving grounds were especially widespread in the
northern Urals, western Siberia (southern Yamal Peninsula,
Gydansky Upland and the Tazovsky Peninsula), Taymyr,
western Yakutia (e.g. Pronchishcheva Kryazh Ridge, Kystyk
Plateau and the Lena River delta) and Chukotka (e.g.
Elgygytgyn Lake Area). In other regions, suitable calving
ground areas were more concentrated such as on Kamchatka
(e.g. Kronotsko-Zhupanovskaya region), in Yakutia (e.g.
Muksunikha-Tas and Uryung-Khastakh hills) and on Wran-
gel Island (Fig. 3). Our model did predict areas suitable for

calving for many populations that were not represented in
our sample of training locations, for example for populations
in the Shchuchya, Enisey and Angara catchments, in south-
western Siberia and in the Amguema catchment in Chuk-
otka. However, for a few populations, our model made no
prediction, particularly in central Siberia.

Overlaying our reindeer calving ground map with areas of
oil and gas development highlighted several at-risk calving
grounds (Fig. 4). Ongoing oil and gas development was
mainly clustered in western and central Siberia and fre-
quently in calving grounds there, especially on Yamal
(Shchuchya River population), and Tazovsky and Gydansky
peninsulas (Nadym—Pur river and Pur-Taz river popula-
tions) (Fig. 4). Much oil and gas development also occurs in
the Khanty-Mansiysk area, in close proximity to the Konda —
Sos’va River and the Yugan River populations. Western Sibe-
rian calving grounds also overlapped with many undeveloped
oil and gas fields (especially in the Nenets, Yamalo-Nenets
and Khanty-Mansi Autonomous Okrugs). In addition, sub-
stantial overlap occurred in the Siberian Plateau (e.g. Enisey
River population and Angara River populations). Pipelines
connected to oil and gas exploitation fragmented in particu-
lar calving grounds in western Siberia (e.g. Tazovsky Penin-
sula, Konda — Sos’va River population, Fig. 4).

Trends in DMSP night-time lights for the Russian Arctic
revealed several hotspots of human activity, especially in the
eastern part of Nenetsky Okrug and in southern parts of
Yamal-Nenets Okrug and Khanty-Mansi Okrug, where large-
scale oil extraction and gas flaring occurs (Fig. 5). Human
activities were high, for example, for the populations in the
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regression tree (dark grey bars) models.
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Figure 3 Reindeer calving ground suitability in Russia (1 = highest suitability). Areas suitable for reindeer calving were predicted by an
average of two species distribution models based on the locations of all known calving grounds and a suite of environmental and human
disturbance variables. Wild reindeer population ranges are 1: Shchuchya River, 2: Shuryshkarskiy Lake, 3: Konda and Sos’va rivers, 4: Nadym—
Pur rivers, 5: Yugan River, 6: Belyi Island, 7: Yavay Peninsula, 8: Mamonta Peninsula, 9: Gydan Peninsula, 10: Pur-Taz rivers, 11: Sibiryakov
Island, 12: Chichagov Shore, 13: western Taymyr, 14: Agapa River, 15: Turukhan River, 16: Taz River headwaters, 17: Pura River, 18: Putoran
Mountains, 19: Middle Siberian, 20: Dudypta River, 21: Nizhnya Taymyra River, 22: Faddey River, 23: Taymyr Lake, 24: Mariya
Pronchishcheva Bog, 25: Popigay River, 26: Lena and Olenek rivers, 27: Bulun River, 28: Kystyk Uplands, 29: Lena River Delta, 30: Yana and
Indigirka rivers, 31: Novosibirsky River, 32: Indigirka River, 33: Sudrunskaya, 34: Galgavam River, 35: Kolyma River, 36: Omolon River, 37:
Elgygytgyn Lake, 38: Amguema River, 39: Mine River, 40: Parapolsky Lowlands, 41: Karaginsky Island, 42: Elovka-Uka River, 43: Kronotsko-
Zhupanovskaya, 44: southern Kamchatka, 45: Enisey River, 46: Angara River, 47: western Yakutian, 48: Lena and Vilyuy rivers, 49: Yudoma
River and 50: Kava River (Source: Baskin & Miller, 2007). This figure is available in colour online at http://wileyonlinelibrary.com.

(a)

AMurmansk
N

‘Palana

Magadan' .

Petropavlcski-KaNégEiy
]

“'Palana

'Magadan .+
Sipondegiil

Pelmpavlcski-Kan@a&iy
g

q

Figure 4 Overlap of oil and gas
development with areas suitable for
reindeer calving. (a) Oil and gas fields, Calving ground suitability index Fields ~—— Pipeline (buried)
wells, open areas, bidding blocks and CJo-02 I Contract blocks — Pipeline (above ground)
contract blocks. (b) Current and [ 02-04 - o_pe? i Pipe"""f itnksiow position)

. . Bl 04-06 Il Bidding blocks I Lakes/rivers
potential future oil and gas development. B 0608 e o Major cities
This figure is available in colour online 0.8 -1 I Current activity
at http://wileyonlinelibrary.com. Potential future activity

Diversity and Distributions, 20, 416-429, © 2014 John Wiley & Sons Ltd 423



T. Kuemmerle et al.

) Figure 5 Changes in night-time lights
between 1993 and 2008 in relation to
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suitability index changes 1994-2008
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' = 7, Population Decreasing
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areas suitable for reindeer calving across
the Russian Arctic. Night-time lights
were measured by the DMSP OLS
sensors. Each time period represents the
average of three consecutive years (i.e.
1993 = average of 1992/93/94). Only
changes exceeding +5 digital numbers
(8 bit data) are shown. This figure is
available in colour online at http://

SRES A2 SRES B1

wileyonlinelibrary.com.

7//////; Hig reindeer calving ground suitability

Shuryshkarskiy district, in the Konda, and Sos’va catch-
ments, in the Shchuchya catchment, and on Tazovsky
(Fig. 5). According to our calving ground suitability map,
some south-central Siberian calving grounds also appeared
to be affected by human development (Fig. 5). In contrast,
we did not find major increases in night-time lights for on
Taymyr, in the Yana-Indigirka region, in Chukotka or in
Kamchatka.

Several calving grounds of wild reindeer in Russia will
likely be strongly affected by climate change (Fig. 6). The
amount of spring precipitation at temperatures below 0.5 °C,
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thresholds may be equally plausible.).
This figure is available in colour online
at http://wileyonlinelibrary.com.
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a proxy for both snow depth and the risk of freeze-over
events, was projected to decline in European Russia and
southern Siberia. In contrast, precipitation at freezing tem-
peratures was projected to increase markedly in calving
grounds in north-central Siberia (especially on Taymyr),
Chukotka and along Kamchatka’s eastern coast (Figs 6 and
3). Summer temperatures will likely increase across all rein-
deer calving grounds study region, especially in western Sibe-
ria. In terms of future vegetation transformations, LPJmL
projected substantial tree line advances into reindeer calving
grounds on the Gydan and Taymyr peninsulas, in the Pron-
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chishcheva Kryazh Ridge, the Arctic shore of Yakutia (e.g.
the Kava River and Indigirka River populations), and on
Chukotka. Woody plant biomass was projected to increase
substantially across much of the study region, including most
areas suitable for calving (Fig. 6).

DISCUSSION

Identifying crucial habitat within the ranges of wide-ranging,
migratory species is critical for efficient conservation
planning. Calving grounds are key habitats for reindeer
populations and reindeer conservation. Conservation plan-
ning urgently needs better information on the characteristics,
spatial distribution and potential threats to calving grounds,
especially in Russia (Baskin & Miller, 2007). Analysing occur-
rence data from all known Russian calving grounds of wild
reindeer populations, we showed that resource availability
and proxy variables linked to predator avoidance play key
roles in determining reindeer calving grounds. Our analyses
provide the first map of wild reindeer calving ground suit-
ability across Siberia, revealing vast areas suitable for wild
reindeer calving, including for populations where calving
grounds have so far not been documented. Our assessment
also highlights the substantial and spatially heterogeneous
effects of potential climate change and oil and gas develop-
ment on reindeer populations, underpinning the need for
region-wide conservation planning to safeguard and restore
reindeer populations in Russia.

Our analyses showed that wild reindeer populations in
Russia select calving grounds based on environmental condi-
tions that are highly dynamic in both space and time. High
calving ground suitability was most strongly related to
resource availability in spring (Fig. 2). Calving grounds com-
monly had abundant open ground (i.e. not covered by snow)
in early spring (Fig. 1) and high vegetation productivity in
late spring. This further corroborates that female reindeer
mainly select calving sites that provide forage (i.e. lichen or
herbaceous vegetation) after calving. The high importance of
the weekly snow cover and biweekly NDVI variables, as well
as the hump-shaped response of the temperature variables,
suggested that female reindeer critically select calving sites at
the snow melt frontier (Figs 1 and 2). Also important were
elevation and landscape openness (e.g. distance to tree line,
fraction of woody vegetation, elevation), factors reflecting
proxy variables for predator avoidance. In contrast, topogra-
phy and human disturbance were less important in our con-
tinental-scale assessment, although we caution that these
factors may well be vital for understanding calving ground
selection of individual populations or at finer spatial scales.

Suitable reindeer calving grounds were relatively wide-
spread across the Russian tundra. One explanation for this is
that the area actually used for calving in a given year within
a population’s calving ground is often small and variable
among years, for example due to snow or forage conditions
(Schaefer et al., 2000; Hinkes et al., 2005). The reindeer pop-
ulations of Taymyr, Russia’s largest wild population, for
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which we identified the most extensive calving grounds,
indeed show substantial interannual variation in their calving
sites (Kuksov, 1981; Kolpashchikov, 2000), similar to some
North American populations (Gunn et al., 2012). Yet, the
large areas of suitable calving grounds that we found also
suggest that many contemporary populations are potentially
the relicts of larger, historic reindeer populations which are
now absent due to overhunting, competition with semi-
domestic reindeer, or environmental change (e.g. in north-
eastern European Russia, western Siberia or Chukotka). For
example, south-western Taymyr harboured a large popula-
tion until 40 years ago, and the Omolon River population
on Chukotka once numbered several hundred thousand ani-
mals (Chernyavsky, 1984). Our calving ground suitability
map thus provide new insights into the likely locations of
the calving grounds of contemporary populations for which
calving ground data are not available (e.g. northern Ural,
Gydan and Tazovsky peninsulas, headwaters of Nadym and
Taz rivers, Anabar Uplands in Yakutia, Chukotka), as well as
probable locations for the calving grounds of severely deci-
mated or extirpated populations. This is important informa-
tion for conservation planners seeking to restore these
populations and their important ecological roles.

Several reindeer calving grounds overlapped or occurred
in close proximity to current or potential future oil and gas
development. This is concerning in at least three ways. First,
oil and gas development is often connected to substantial
development roads and pipelines, which can fragment the
ranges of reindeer populations (Nellemann & Cameron,
1996; Kumpula et al., 2011). Such fragmentation can result
in overgrazing in the remaining habitat or inhibits migra-
tions (Forbes et al, 2009). For example, the Nadym-Pur
river and Pur-Taz river populations declined strongly since
1960, and our calving ground map suggests that infrastruc-
ture development established a barrier between the popula-
tion’s calving and wintering grounds (Fig. 3). Likewise, we
found large, but currently unused calving areas close to the
Norilsk industrial zone in Taymyr, where the Messoyakha-
Norilsk pipeline separated calving and summer grounds in
1969, leading to population collapse (Yakushkin et al., 1970).
Second, oil and gas development results in noise, pollution
and traffic, which negatively affects reindeer populations
(Johnson et al., 2005). Finally, oil and gas development often
results in an inflow of workers with little understanding of
Arctic ecosystems, potentially causing high poaching rates
and environmental degradation (Vilchek & Bykova, 1992;
Forbes et al., 2009).

Whereas oil and gas development impacts were concen-
trated in western Siberia, climate change will affect wild rein-
deer calving grounds across the Russian Arctic — both
positively and negatively. For example, several suitable calv-
ing areas will likely experience warming in the future
(Fig. 6), potentially resulting in earlier green-up and
increased calf survival (Griffith er al, 2002), but also a
decoupling of parturition and vegetation green-up and
decreasing reproductive success (Forchhammer et al., 2002).
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Increasing winter precipitation, especially on Taymyr and
Chukotka, may result in deeper snow and a higher frequency
of ice crusts, and freeze-over rain events, both of which can
contribute to dramatic declines of survival and recruitment
in reindeer populations (i.e. population crashes of up to
99%, Tews et al., 2007; Stien et al., 2010; Hansen et al.,
2011). Furthermore, we found landscape openness to be a
main characteristic of calving ground selection, yet many
calving grounds face an advancing tree line and increasing
woody vegetation density (Fig. 6), which may increase preda-
tion risk. The capacity of many reindeer populations to
adapt to changing climate and vegetation patterns (e.g. via
shifting calving grounds north) is likely limited, especially
where calving areas are already close to the northern shore-
line (Fig. 3). We caution though that causal effects of climate
change on reindeer populations remain unclear and our
broad-scale assessment of potential climate change impacts
cannot replace more fine-scale, population-based assessments
of possible climate effects on Russia’s reindeer populations.
Our calving ground suitability model yielded a high good-
ness-of-fit and plausible calving ground patterns. Yet, several
shortcomings need to be discussed. First, detailed calving
ground data were only available for a few Russian wild rein-
deer populations, and our suitability map was relatively
coarse to reflect that uncertainty. Systematic population
monitoring based on GPS collars, though common in North
America, is still in its infancy in Russia. Second, we used
calving ground data from both wild and semi-domestic pop-
ulations to predict calving grounds of wild reindeer popula-
tions in Russia. Our main reason for doing so was that wild
reindeer populations in some areas in the Russian Arctic
(e.g. European Russia, Chukotka) have been severely deci-
mated or extirpated. Calving ground locations from contem-
porary wild reindeer populations may thus not fully
represent areas suitable for calving. Semi-domestic reindeer
are guided by herders. The location of high-quality calving
grounds is an important part of traditional knowledge and
often coincides with the calving grounds of historic wild
reindeer. Traditional knowledge is thus a vital source of
information given the paucity of data on calving sites of Rus-
sia’s wild reindeer populations, especially where wild popula-
tions have been severely decimated. Important differences
between wild and semi-domestic reindeer exist, for example
concerning diets or energetics (Klein, 1980; Syroechkovskii,
1999; Baskin & Danell, 2003), yet reindeer are in an early
stage of domestication and still exhibiting most features of
the ecology and behaviour of wild reindeer. Despite these
arguments for utilizing semi-domestic calving ground loca-
tions to proxy wild reindeer calving grounds, and the simi-
larity of calving grounds maps from models with and
without semi-domestic calving locations (see Appendix S4 in
the Supporting Information), we cannot fully rule out bias.
Third, the importance of some predictor variables may be
underestimated due to their coarse resolution (e.g. slope) or
because underlying variables were unavailable and we had to
rely on proxy variables instead (e.g. bare ground, snow cover
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and NDVI variables instead of a more direct measure of
lichen cover). Fourth, we used a comprehensive database of
oil and gas development, but other industrial activities (e.g.
mining) may also affect reindeer populations in negative
ways. Fifth, our goal was to identify which calving grounds
may be affected by climate change, not a full assessment of
climate change impacts on reindeer ecology, behaviour or
population dynamics in Russia. The latter would require
analysing a wider range of climate parameters at finer spatial
and temporal scale, which was beyond the scope of our
study. Likewise, some of the variables we used can only indi-
rectly proxy potential climate change impact (e.g. precipita-
tion at temperatures around and below 0 °C in spring to
proxy freeze-over events) and improved proxy variables may
become available as the complexity and reliability of regional
climate models improves. Finally, we focused on Arctic rein-
deer populations because we had no information on the
calving grounds of the small reindeer populations in south-
ern Siberian and Yakutia exists (e.g. Sayan and Altai moun-
tains, East Siberian ridges). Our model did not identify these
calving grounds, suggesting these populations are ecologically
different, and need to be studied in order to protect them.

Several conservation management implications arise from
our work. New protected areas for Russia’s wild reindeer
populations are currently discussed, and our calving ground
map provides guidance as to where protection is important
(e.g. the small and isolated calving grounds on Kamchatka
and in the northern Urals). Oil and gas development is a
major threat, but careful management can lessen these
threats considerably (Haskell & Ballard, 2008). Russian
energy enterprises are increasingly interested in the conserva-
tion of Arctic reindeer. Minimizing oil and gas development
impact should include avoiding range fragmentation (e.g. less
road development, burying pipelines), minimizing poaching,
both via education of workers and better law enforcement,
and strengthening environmental institutions. Finally, con-
sidering climate change, conservation planning should aim
to minimize range fragmentation in order to allow wild and
semi-domestic reindeer populations to roam freely and to
adapt to changing environments (Forbes et al., 2009).

Managing for the survival of migratory species is challeng-
ing, in part because they only use a small portion of their
range at a given point in time, and some parts of their range
may be much more important than others (Berger, 2004;
Singh & Milner-Gulland, 2011). Identifying key elements
within migratory species’ ranges, such as breeding sites, stop-
over sites or calving grounds, is thus important for efficient
conservation. Our assessment provides the first map of calv-
ing grounds of Russia’s wild reindeer populations and high-
lights the spatial heterogeneity of challenges that these
populations may face. This underlines the need for improved
monitoring of Russia’s reindeer populations and their sea-
sonal habitat use patterns. Reindeer conservation needs to
move beyond protecting individual sites towards region-wide
conservation planning to safeguard and restore wild reindeer
populations in Russia and elsewhere.
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