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the American Pika (Ochotona princeps) is vulnerable to climate change as a result of its dependence on cool, moist conditions.
Most research on climatic determinants of American Pika distribution has been done in the United states where conditions are
different from those in the higher-latitude pika ranges of the Canadian Rockies. i examined recent (1980–2009) and future (2050s
and 2080s) average and maximum mean summer temperatures for 114 current American Pika locations in Alberta to assess
whether future conditions are likely to place these animals at risk. At all current sites, mean summer temperatures (Msts) in the
2050s are expected to be below that chosen by the United states Fish and Wildlife service as a threshold for at-risk status of
O. princeps. By the 2050s, most current American Pika locations have sufficient elevation within 5 km to allow individuals to
migrate vertically to reach habitat with Mst similar to that of their current location. even in the 2080s, almost all current sites
have sufficient elevation within 5 km to maintain extreme single-year and average Msts lower than the highest values recorded
at those sites in the recent past (13.9°C and 12.5°C respectively). however, by the 2080s under an extreme greenhouse gas
emissions scenario, only 34% of current pika sites will allow for such migration. Although considerable uncertainty remains,
particularly with respect to availability of habitat, these results suggest that American Pika populations in Alberta will likely be
capable of persisting throughout this century, although their survival will depend increasingly on successful vertical migration.
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Introduction

the American Pika (Ochotona princeps) has been
variously described as a “poster child” (hannibal 2012),
“candidate indicator species” (Beever and smith 2013),
“sentinel species” (Wilkening et al. 2013, 2015), and
“harbinger” (smith et al. 2004) for the effects of climate
change on biodiversity. Concerns over the effects of climate change on pikas arise from several sources including observations of population disappearance
(Beever et al. 2003, 2011; stewart et al. 2015), elevational retreat (Beever et al. 2003, 2011; Grayson 2005;
Millar and Westfall 2010), susceptibility to acute (MacArthur and Wang 1974; smith 1974a) and chronic heat
stress (Beever et al. 2010; Wilkening et al. 2011; stewart et al. 2015), increasing frequency of low precipitation and snowpack (erb et al. 2011; Beever et al. 2013;
Jeffress et al. 2013), limited dispersal ability (seppänen
et al. 2012; Beever and smith 2013), restriction to areas
of permafrost (hafner 1993, 1994; Millar and Westfall
2010; Wilkening et al. 2015), dependence on higher
elevations (Rodhouse et al. 2010), and habitat change
(CoseWiC 2011).
As a result of such research, the United states Fish
and Wildlife service (UsFWs) was petitioned to list the
American Pika under the endangered species Act, but
concluded that it is currently not endangered or threatened in the United states (UsFWs 2010), a decision
that some consider to be politically motivated (holtcamp 2010). Although the American Pika has not been
assessed by the Committee on the status of endangered
Wildlife in Canada (CoseWiC), in 2011, the closely

related but the allopatric Collared Pika (Ochotona collaris) of the Yukon, northwest territories, and Alaska
was assessed as “special concern” by CoseWiC based
largely on the potential for negative impacts of climate
change, particularly reduction in suitable alpine habitat and increase in distance between habitat patches
(CoseWiC 2011).
Most research on the American Pika’s adaptations to
climate change has been done in the United states;
Canadian studies are limited to MacArthur and Wang
(1973, 1974), henry et al. (2012a,b), and henry and
Russello (2013). the Canadian Rockies can generally
be characterized as having more contiguous high-elevation areas, cooler temperatures, longer winters, and
more persistent snowpacks than in the United states.
it is largely accepted that, given suitable habitat and
adequate forage, American Pika distribution is primarily
determined by climatic factors, although there is no
consensus on the particular factors. Recent efforts to
establish a climatic envelope have used extensive data
sets and sophisticated statistical techniques (erb et al.
2011; Calkins et al. 2012; Ray et al. 2012; Jeffress et al.
2013; erb et al. 2014; stewart et al. 2015), but a clear
understanding of the factors limiting pika distribution
remains elusive. suggestions from one or more authors
have included elevation, aspect, mean annual temperature, acute heat stress, acute cold stress, chronic heat
stress, precipitation, and snowpack. non-climatic factors, such as talus type, amount of suitable talus upslope
of current sites, habitat connectivity, vegetation abundance, and grazing, may play a role but are generally
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less predictive of pika persistence. idiosyncrasies in
climate conditions at the location of some pika populations have been noted (simpson 2009; Jeffress et al.
2013).
Beever et al. (2010, 2013), Wilkening et al. (2011),
and stewart et al. (2015) found that chronic heat stress,
determined by measuring mean summer temperature
(Mst) during June, July, and August, is the single best
indication of whether an American Pika population
will persist. the UsFWs established an ambient Mst
of 16.2°C as their primary criterion for determining
whether pika populations in the United states are at risk
(UsFWs 2010). this threshold was derived by subtracting one standard error from the observed mean
summer sub-talus temperatures at which pikas were
observed to disappear in the Great Basin (Beever et al.
2010). Pikas thermoregulate behaviourally by taking
cover in rock crevices, suggesting that sub-talus temperature, rather than ambient temperature, is an important climatic factor to pika distribution. sub-talus temperatures tend to be lower than ambient temperatures
during the afternoon, but higher during the remainder
of the day (henry et al. 2012b), implying that mean
ambient temperature is a reasonable approximation for
mean sub-talus temperature.
this paper is intended to examine in detail whether
summer temperatures at current American Pika locations in Alberta’s Rocky Mountains are likely to remain
below the level deemed to put pikas at risk and whether
these pikas have sufficient vertical relief nearby to find
suitable conditions by migrating up slope.

Methods

i accessed American Pika locations from the Bow
Valley naturalists’ high elevation Localized species
(heLs) project (Bow Valley naturalists 2010) database. heLs is a citizen science project in which members of the public submit observations of American
Pikas, White-tailed Ptarmigan (Lagopus leucura),
Mountain Goats (Oreamnos americanus), and hoary
Marmots (Marmota caligata). Participants enter locations into the database by providing a Universal transverse Mercator (UtM) reference or, more commonly,
by clicking a point on an online map. Consequently,
locations are more accurate than many museum records, in which rough coordinates are assigned to verbal location descriptions. Because most observations
are made opportunistically, they reflect areas most traveled, i.e., near trails and roads. i filtered all 615 pika
sites recorded in the heLs database between August
2010 and July 2014 to remove any locations outside
Alberta and to ensure sample independence by removing all observations less than 3 km from another observation point. the 3 km independence limit was chosen to avoid duplicating sites resulting from inaccurate
location recording, as well as reflecting dispersal distances (e.g., Meridith 2002). A total of 106 heLs
locations met these criteria.
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i included only two points from the extensive Global
Biodiversity information Facility (GBiF) website
(GBiF n.d.). Most GBiF sites were not selected because
they were within 3 km of an already chosen site; the
coordinates were apparently estimated from general,
verbal descriptions; or site examination using Google
earth suggested that it was unlikely pika habitat. Location data cited in Weimann et al. (2014) provided six
additional sites for southwestern Alberta, separated by
3 km or more. Locations of the 114 sites are shown in
Figure 1.
elevation for each of the 114 locations and the highest points within 1, 2, 3, 4, and 5 km of each site were
determined from a digital elevation model (natural
Resources Canada, n.d.) using Geospatial Modelling
environment v.0.7.0.2 tools (hawthorne L. Beyer) and
R v.2.15.2 (the R Foundation, Vienna, Austria). site
data are summarized in table 1.
i employed ClimateWnA version 4.62 (Wang et al.
2012) to approximate historical and projected temperature variables. historical temperatures were from
1980–2009. Future temperatures, for the 2050s (2041–
2070) and the 2080s (2071–2100), were projected using
an average of 23 global circulation models from Phase
3 of the World Climate Research Programme’s Coupled
Model intercomparison Project (CMiP3). Although
Phase 3 projections have been superseded by Phase 5,
the two suites of models produce similar projections
(knutti and sedláček 2013). the range of uncertainty
regarding future climate was addressed by employing
lower (B1) and higher (A1B) greenhouse gas (GhG)
emission scenarios. the A1B storyline assumes rapid
economic growth, a human population peaking in midcentury, and a subsequent decline and rapid introduction of new sources and technologies entailing a balance across all sources. the B1 scenario follows the
A1B storyline but puts more emphasis on global solutions to economic, social, and environmental sustainability resulting in lower levels of GhG emissions
(Murdock and spittlehouse 2011).
First, i sought to determine whether average Mst in
the 2050s and 2080s at current American Pika sites in
Alberta would exceed the UsFWs threshold of 16.2°C.
second, because American Pikas in the United states
may be better adapted to warm conditions than in Alberta and, therefore, have a higher threshold temperature for persistence, i determined the proportion of the
114 current locations that would exceed the average
Mst of the warmest site in Alberta between 1980 and
2009. the highest average Mst at the 114 sites was
12.5°C, a value that can be used as a provisional threshold Mst specific for the American Pika in Alberta.
third, i reasoned that exposure to a single summer
with a very high Mst might lead to sudden population
extinction. Using ClimateWnA, i determined that the
maximum single-year Mst at any Alberta site, in the
years 1980–2009, was 13.9°C and used this value as an
Alberta-specific threshold for maximum single-year
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FiGURe 1. Locations of 114 reported American Pika (Ochotona princeps) observations used in the analysis (open circles).
tABLe 1. summary of site data for the 114 American Pika (Ochotona princeps) locations in the Rocky Mountains, Alberta,
used in this study.
Latitude
Longitude
site elevation (m)
highest elevation (m) with 1 km
highest elevation (m) with 2 km
highest elevation (m) with 3 km
highest elevation (m) with 4 km
highest elevation (m) with 5 km
Lapse rate (°C/1000 m)

Maximum
54.1
-114.1
2647.8
3065.8
3458.3
3487.3
3487.3
3487.3
-4.2

Minimum
49.2
-119.4
1421.0
1440.0
1535.5
1990.5
2056.8
2083.0
-5.3

Median
51.2
-115.8
2196.8
2595.6
2796.8
2894.0
2969.8
3031.5
-4.6

Mean
51.3
-115.9
2111.5
2504.6
2744.7
2849.7
2923.3
2969.9
-4.6
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Mst. Because ClimateWnA does not calculate values for individual future years or provide estimates
of between-year variance, i estimated the highest
future single-year Mst by adding, for each site, the
difference between the highest single-year Mst for
the period 1980–2009 and the average Mst for the
same period.
the remaining two approaches i employed were to
project whether pikas in Alberta would be able to maintain the three threshold Msts (16.2°C, 12.5°C, 13.9°C)
by moving to higher elevations. the question is whether
the mountains near current pika locations are high
enough in elevation to provide temperatures less than or
equal to those experienced at current pika locations,
the warmest average Alberta Mst of 12.5°C or the
maximum single-year Mst of 13.9°C. i used lapse
rates to predict the elevation at which the threshold
Mst would occur. Lapse rates are a measure of temperature change with elevation and are a linear function of elevation, but they differ with location, season,
and climate variables. For each of the 114 pika locations, i calculated lapse rate for Msts directly from
ClimateWnA outputs by regressing Mst on elevation.
Values varied from −4.214°C to −5.313°C per 1000 vertical metres (table 1). Wang et al. (2012) describe in
detail how lapse rates were developed for Climate
WnA. Ray et al. (2010) discuss some of the assumptions and sources of error in estimating lapse rates, and
Wang et al. (2012) note that this approach does not capture temperature effects produced by small-scale topographic effects (e.g., aspect, slope, and frost pockets).
Using the calculated lapse rates, i determined the elevation required to meet the threshold Mst according
to the following formula:
Ef = ((Tf – Tt) · L-1) + Ec

where Ef = elevation (m) in the 2050s and 2080s
required to meet the threshold Mst, Tf = future Mst
(°C) at the current location, Tt = the threshold Mst
(°C), L = the lapse rate (∆°C per m of elevation gain),
and Ec = the elevation (m) of the current site. the criterion for population persistence was Ef less than the
elevation of the highest point within a distance over
which pikas are capable of dispersing.
American Pikas are philopatric (smith and ivins
1983) and have traditionally been considered to be
very poor dispersers (Galbreath et al. 2009). earlier
estimates of pika dispersal distances range from 100 m
(smith and Weston 1990) to 300 m (smith 1974a), but
depend on marked animals, a technique that generally
results in shorter estimates than those using later genetic approaches (Peacock 1997). More recent studies
indicate a wide range of dispersal distances including
< 20 km (hafner 1993), ≥ 2 km (Zgurski and hik
2012), 2–10 km (Peacock 1997), and 3 km (Merideth
2002). topographic complexity, water barriers, and
west-facing slopes were the major factors found to
restrict pika dispersal in oregon (Castillo et al. 2014).
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Given the uncertainty in how far any particular pika
population is likely to disperse, i chose to examine the
highest elevations within 1, 2, 3, 4, and 5 km of current sites.

Results

over the period 1980–2009, the average or maximum Mst of 16.2°C that theoretically limits pika persistence in the United states was not exceeded at any
of the Alberta sites (Figures 2 and 3).

FiGURe 2. Mean summer temperatures (Msts) averaged over
the period 1980–2009 and projected average Msts
in 2050s and 2080s for lower (B1) and higher (A1B)
greenhouse gas emission scenarios at 114 American
Pika (Ochotona princeps) sites in Alberta. the horizontal dashed line represents the highest average Mst
(12.5°C) in 1980–2009 at these pika sites; the horizontal dotted line is the United states Fish and Wildlife
service risk threshold (16.2°C). the bottom and top of
the boxes indicate the first and third quartiles, respectively, and the heavy horizontal bar the median. the
whiskers represent extreme values.

Based on the UsFWs criterion for persistence (average Mst ≤ 16.2°C), none of the observed American
Pika populations in Alberta is likely to be at risk from
increased Mst in the 2050s and in the 2080s under
the B1 emission scenario (Figure 2). however, in the
2080s under the more extreme A1B emission scenario,
the average Mst is expected to exceed the threshold
of 16.2°C at four sites (3.5%).
if one considers that a single-year with a maximum
Mst > 16.2°C might cause extinction of American
Pika populations, then pikas at six (5.2%) of the current sites are in danger of extirpation in the 2050s under
the more extreme A1B emission scenario, although
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FiGURe 3. Maximum single-year mean summer temperatures
(Msts) for 1980–2009 and projected future (2050s
and 2080s) extreme single-year Msts for lower (B1)
and higher (A1B) emission scenarios at 114 American
Pika (Ochotona princeps) sites in Alberta. the horizontal dashed line represents the highest Mst (12.5°C)
in 1980–2009 at these sites, the horizontal dotted line
is the United states Fish and Wildlife service risk
threshold (16.2°C), and the broken dashed line the
highest single-year Mst recorded for any site during
1980–2009. the bottom and top of the boxes indicate
the first and third quartiles, respectively, and the heavy
horizontal bar the median. the whiskers represent extreme values.

none are in danger under the B1 scenario. in the 2080s,
four (3.5%) and 18 (15.8%) of the sites will exceed
16.2°C under the B1 and A1B scenarios, respectively
(Figure 3).
Because temperatures are projected to rise throughout the range of the American Pika in Alberta, pikas
will have to migrate up slope to remain at the Mst of
their current sites. the dispersal potential of pikas influences their ability to access suitable habitat at higher
elevations. in the 2050s under the B1 emission scenario, sufficient elevation is available within 1 km of
current sites to maintain historical average Msts for
34.2% of sites and for 91.2% of sites within 5 km (Figure 4).
however, in the 2080s and under the A1B scenario,
there are no sites with sufficient elevation within 1 km
to maintain current average Msts and only 34.2% of
current sites have sufficient elevation with 5 km to do
so (Figure 4).
nevertheless, American Pikas at most current Alberta locations will continue to experience average Msts
less than 12.5°C, that of the warmest current Alberta
site (Figure 5, dispersal distance = 0 km). With vertical
migration, nearly all pikas will be able to find locations
with Msts < 12.5°C within 5 km (Figure 5, dispersal
distance = 5 km).
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FiGURe 4. the proportion of 114 American Pika (Ochotona
princeps) sites in Alberta where average mean summer
temperatures are expected to remain less than or equal
to those experienced between 1980 and 2009 at the
current location (0 m) and at higher elevations within
1–5 km. the solid lines are the projections for the
2050s and the dotted lines for the 2080s. the lower
emission scenario (B1) is indicated by circles and the
higher emission scenario (A1B) by triangles.

Figure 5. the proportion of 114 American Pika (Ochotona
princeps) sites in Alberta where average mean summer
temperature (Mst) is expected to remain ≤ 12.5°C
(i.e., the highest average Mst for any site between
1980 and 2009) at the current location (0 m) and at
higher elevations within 1–5 km. the solid lines are
the projections for the 2050s and the dotted lines for
the 2080s. the lower emission scenario (B1) is indicated
by circles and the higher emission scenario (A1B) by
triangles.
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if a single year with an Mst greater than the highest
single-year Mst of 13.9°C causes population extinction, then pikas at most current sites are likely to persist
into the 2050s under both emission scenarios and into
the 2080s under the B1 scenario (Figure 6, distance =
0 km). By migrating up slope within 5 km, almost all
current pika populations will avoid extreme Msts higher than those experienced by any Alberta population
during 1980–2009 Figure 6, distance = 5 km) even
under the more extreme A1B scenario.

FiGURe 6. Proportion of the 114 American Pika (Ochotona
princeps) locations in Alberta where single-year
mean summer temperature (Mst) is expected to
remain ≤ 13.9°C (i.e., the highest single-year Mst
for any site in 1980–2009) at the current location (0
m) and at higher elevations within 1–5 km. the solid lines are the projections for the 2050s and the dotted lines for the 2080s. the lower emission scenario
(B1) is indicated by circles and the higher emission
scenario (A1B) by triangles.

Discussion

Based on analysis of Mst alone, one can project that
most current American Pika populations in Alberta will
persist into the 2050s and, if GhG emissions are controlled, into the 2080s. Under the more extreme A1B
emission scenario, most lower-elevation sites are likely to be abandoned by the 2080s. Up-slope migration
will become increasingly important toward the end of
the century, particularly if GhGs are not vigorously
controlled. however, a changing climate may affect
Alberta pika populations in manners not captured by
analysis of Mst alone.
Because of the fragmented nature of talus habitat,
American Pikas exhibit classic metapopulation dynam-
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ics (hanski 1998), in which regional populations may
remain stable while local groups may disappear and
their sites become recolonized. Consequently, pikas
have been the subject of numerous empirical and theoretical metapopulation explorations (e.g., Peacock
and smith 1997). Climate change is likely to affect the
quality of habitat patches, distance between suitable
patches, and population demographics. therefore, the
balance between population extinction and recolonization may be altered in unpredictable ways.
this analysis addresses only the proximal effects of
extreme and average Msts on American Pika populations and does not consider the effects of climate
change on habitat. in the Canadian Rockies, as elsewhere, talus slopes are the most common pika habitat
and are usually formed by debris eroding from steep
bedrock faces and collecting at the cliff foot where
slope angle eases (Bithell et al. 2014). there is likely
to be less such talus habitat at higher elevations where
suitable temperatures may exist in the future.
American Pikas also require suitable vegetation within close proximity of talus fields. Vegetation can be expected to move up slope rapidly with warming temperatures (schneider 2013). this is likely to result in
loss of some meadow habitat through introgression of
trees and shrubs and the creation of new meadow habitat at now-barren higher elevations, if soil conditions
allow. Loss and addition of suitable habitat are likely to
alter pika metapopulation dynamics in unpredictable
ways. Climate-induced habitat loss was the major consideration in listing the Collared Pika as “special concern” in Canada (CoseWiC 2011).
of particular uncertainty is the role of snow and cold
in determining the distribution of American Pikas. Jeffress et al. (2013) speak of a “Goldilocks effect,” whereby pikas in the western United states are squeezed between hot conditions at low elevations and cold, wet
conditions at high elevations. My analysis addressed
only the former situation. snow blanketing the talus
acts to insulate pikas from extreme cold. Beever et al.
(2010) found below-talus temperatures to be colder in
the absence of snow, and acute cold stress (defined as
number of days with below-talus temperatures less than
−5°C) to be among the better predictors of pika persistence in the Great Basin. Morrison and hik (2007, 2010)
reported the collapse of a population of Collared Pikas
in the Yukon by 90% between 1998 and 2003, a period
with later spring snowmelt associated with negative
Pacific decadal oscillation values. Unfortunately, no
suitable snowpack data exist that would allow for examination of these relationships for American Pika in
Alberta.
American Pikas might also adapt to a warmer future
climate. in a study of a population at the northern edge
of the species range in west-central British Columbia,
henry et al. (2012a) concluded that there is less genetic
variation in northern populations than in more southerly
ones, consistent with recolonization after recent de-
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glaciation. no heterozygosity values are known for the
species in Alberta. the effect of reduced genetic diversity on the ability of pikas to adapt to climate change
is not known (henry et al. 2012a).
Given the limited range of the American Pika in
Alberta and a relatively poor understanding of impacts
of a changing climate on this species in Alberta, a welldesigned and consistent monitoring program should be
implemented in the province, both outside and inside the
national parks, to provide an early indicator of changes in American Pika population numbers. Pika census
methods are discussed by Morrison and hik (2010),
Millar and Westfall (2010), timmins and Whittington
(2011), Moyer–horner et al. (2012), Rodhouse et al.
(2010), and timmins et al. (2013). in addition, research
is needed on the climate determinants of pika distribution in Alberta. Beever et al. (2011) and Beever and
smith (2013) provide a research priority list that includes multiscale sampling; better understanding of the
relative effects of acute cold stress, acute heat stress,
and chronic heat stress; closely examining pika use of
micro-climates; determining how food selectivity indices may vary under different conditions; and detailed
analysis of the additive or synergistic roles played by
simultaneous climate-related stressors.
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