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Sharon Tiemann - Pika documents for April Commission meeting

From: Brian Nowicki <bnowicki@biologicaldiversity.org>

To: "Jon Fischer" <JFischer@fgc.ca.gov>, <fgc@fgc.ca.gov>, <ashea@fgc.ca.gov>
Date: 4/8/2008 10:04 AM

Subject: Pika documents for April Commission meeting

Attachments: Final SRLoarie 2008.pdf; SRLoarie Resume.pdf; PikaMap[1].pdf; Morrison & Hik
2008 When, where, & 4 how long_census designconsider'ns_Lagomorph book.pdf

Jon and John,

Attached are a few additional documents to include in the record and offer to the Commission for their
consideration in deciding on the peition to list the American pika. These include:

1) PikaMap. A map of the geographic distribution of American pika under present day and future (2100)
conditions. ‘

2) Final SR Loarie. A description of the methods used by the researcher to develop the maps.

3) SR Loarie Resume. The CV for the researcher who developed the maps.

4) Morrison and Hik 2008. A very recent article in "Lagomorph Biology:Evolution, Ecology, and Conservation"
that describes the particular vulnerability of pikas to the impacts of global warming.

We ask that these items be included in the packet of recent correspondence provided to the Commissioners. |
will call Jon this morning, and | can bring over hard and electronic copies if necessary.

Also, | would like to check to make sure that the pika petition is still scheduled for Thursday morning in the most
recent agenda for the Commission meeting, and to make sure there will be time for the Center to present in
support of the petition. The author of the petition, Shaye Wolf, PhD, will be presenting for the Center.

Thank you very much for your time.

Brian Nowicki

California Climate Policy Director
Center for Biological Diversity
(916) 201-6938
bnowicki@biologicaldiversity.org
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Distribution of the American Pika (Ochotona princeps)
under Present-day and Future Climate Conditions

Scott R. Loarie
Ph.D. Candidate
Environmental Science and Policy
Nicholas School for the Environment and Earth Sciences
Duke University

April 2008

Introduction

I am a Ph.D. candidate at the Nicholas School of the Environment and Earth Sciences at Duke
University specializing in research involving the response of species distribution to climate
change. I expect to receive my Ph.D. in the spring of 2008, and I have accepted a post-doctoral
position as a climate change researcher at the Carnegie Institution of Washington, Department of
Global Ecology, based in Stanford California. My resume is attached.

This analysis is part of an ongoing study to predict the impacts of climate change on the
distribution of the American Pika (Ochotona princeps) throughout its range in the western
United States. This analysis uses an ecological niche modeling approach to model habitat
suitability as a function of climate conditions. More specifically, this analysis models habitat
suitability for American pika under both present-day climate conditions and climate conditions
projected for the end of this century (2100). This work is intended for publication.

Methods

The distribution of the American pika was modeled as a function of present-day climate
conditions to create an ecological niche model that projects suitable habitat for pikas. The
ecological niche model was then projected into future climate conditions in order to predict the
area of suitable habitat for pikas in 2100.

Environmental data

Present-day (~1950-2000) and future climate data were used to create climate layers for use in
the ecological niche model. Present-day monthly climate data were taken from the WorldClim
database [1] at 30" spatial resolution. Future climate data for 2100 were drawn from general
circulation model (GCM) simulations from the Community Climate System Model 3.0 [2],
downloaded from the Earth System Grid website (http://www.earthsystemgrid.org) with a spatial
resolution of 1.4°, or roughly 125%125 km. I used the B1 emission scenario from the 2007
International Panel on Climate Change Fourth Assessment Report (Special Report on Emissions
Scenarios - SRES). The B1 scenario is a relatively low emission scenario resulting from a “more
integrated, and more ecologically friendly world.”
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I created future monthly climate surfaces at 30" spatial resolution as follows. First, I calculated
the differences between climate conditions in 2100 and pre-industrial climate conditions. These
differences were then interpolated to 30" spatial resolution using the spline function in ArcInfo
(ESRI, Redlands, CA) with the tension option. Finally, these monthly difference maps were
added to the WorldClim present-day climate data maps to produce future monthly climate maps
at 30" spatial resolution. This procedure had the dual advantage of producing data at a spatial
resolution (30”) relevant to the analysis and of calibrating the downscaled 2100 climate data to
actual observed climate conditions.

American pika occurrence data

I obtained 2556 geo-referenced museum specimens for Ochotona princeps from the Global
Biodiversity Information Facility website (http://www.gbif.org). The analysis area was a 1.6
million km x 2.7 million km region that encompassed all non-fossil specimens and most of
western North America.

Ecological niche model

An ecological niche model for the American pika was created using the program Maxent [3] by
modeling pika distribution as a function of present-day climate conditions using the recent pika
occutrence data (described above) and present-day climate data. The Maxent program generates
ecological niche models using only presence records, contrasting them with pseudo-absence data
sampled from the remainder of the study area. I developed present-day ecological niche models
based on the 2556 occurrences, and projected the ecological niche model into both present-day
and 2100 climate conditions across the study area. The ecological niche model used 19
bioclimatic variables in the WorldClim data set. These variables represent summaries of means
and variation in temperature and precipitation relevant to determining species distributions.

Results

Figure 1 shows the distribution of the American pika, depicted in orange shading, modeled under
present-day (Figure 1A) and future (2100) (Figure 1B) climate conditions. The red "+"s
represent the 2556 recent pika occurrence records. The background depicts elevation. The
modeled distributions represent habitat suitability for the pika using our ecological niche
modeling approach. Thus, these maps show changes in habitat suitability for the American pika
under the present-day climate conditions versus future climate conditions under the low-
emissions B1 scenario.

These results indicate that habitat suitability for the pika will be significantly reduced throughout
its range in the western United States. Remnant suitable habitat is predicted to remain only in a
few small regions of the Rocky Mountains, the Cascades and the Sierra Nevada. Suitable habitat
the American pika in California will be virtually eliminated except for a tiny fragment of habitat
in the central Sierra Nevada.
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When? Where? and for How Long? Census Design
Considerations for an Alpine Lagomorph, the Collared
Pika (Ochotona collaris)

SHAWN E. MORRISON* AND DavID S. Hix

Introduction

Talus-dwelling pikas (Ochotona spp.) live in alpine areas on naturally
fragmented patches of talus habitat separated by an inhospitable matrix of
meadow or forest. Consequently, pikas have been studied to examine dispersal
behavior (Peacock and Smith 1997) and to test predictions of metapopulation
theory (Clinchy et al. 2002; Moilanen et al. 1998; Smith 1980). Their small terri-
tories, diurnal behavior, and high levels of activity have also made them the
focus of studies investigating foraging behavior (Dearing 1996; Holmes 1991;
Morrison et al. 2004), nutrient cycling (Aho et al. 1998), and plant community
composition (Huntly 1987; Mcintire and Hik 2002), among others.

Pikas have been recognized as being particularly vulnerable to the
effects of climate warming because of their sensitivity to high temperatures
(MacArthur and Wang 1973; Smith 1974). This sensitivity had led to pikas
being proposed as climate-change indicators for alpine ecosystems (Beever
et al. 2003; McDonald and Brown 1992; Smith et al. 2004), in part because
alpine and high latitude ecosystems are predicted to be most affected by
global warming (Kéllén et al. 2001). Some negative effects of climate change
on high-latitude wildlife populations are already being observed (Derocher
et al. 2004; Hik 2001), however the overall implications of climate warming
remain unknown for most species (Hofgaard et al. 1999).

Testing ecological theory in the field and managing wildlife populations
and their habitat requires reliable estimates of population density among
sites and over time, and both direct enumeration techniques and population
indices are widely used (Caughley and Sinclair 1994; Karels et al. 2004;
McArdle et al. 1990; Wilson et al. 1996). Indeed, for pikas to be useful as an
indicator species, long-term population census data are essential for detect-
ing changes in pika abundance, population growth rates, and the range of
natural variation. Long-term data will also permit accurate parameterization
of population models for determining the future viability of pikas at local,
regional and population scales (e.g., Beissinger and McCullough 2002).

Department of Biological Sciences, University of Alberta, Edmonton, AB, Canada T6C 2E9; *E-mail:
shawn.morrison@ualberta.ca; dhik@ualberta.ca

P.C. Alves, N, Ferrand, and K. Hacklinder (Eds.)
Lagomorph Biology: Evolution, Ecology, and Conservation: 103-113
© Springer-Verlag Berlin Heidelberg 2008
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This, in turn, will allow for an assessment of the alpine ecosystem as a whole
as reflected by pika populations. Unfortunately, there are few long-term pop-
ulation census datasets available for this genus.

In this study, we used data from a continuous 10-year {(1995-2004) live-
trapping census for collared pikas (Ochotona cellaris) to examine the effects of
(1) census duration, (2) location of the study area, and (3) timing of study ini-
tiation on estimates of population size and the yearly rate of population
growth (A). Our primary objective was to determine the number of years of
census data required to quantify the population dynamics of this species.

Study Area

The study was conducted in a 4-km? alpine valley that consisted of a meadow
interspersed with patches of talus in the Ruby Range, east of Kluane Lake,
Yukon, Canada (61°13°N, 138°16'W; 1,700-2,200 a.s.l.) between 1995 and 2004.
The talus patches were separated by a matrix of Dryas octopetala, Salix spp.
and several graminoid species (e.g., Carex consimilis). Cassiope tetragona was
common along the talus margins in some areas. See McIntire (1999) and Hik
et al. (2001) for additional details,

The valley was segregated into three subpopulations based on dominant
aspects: east-, west-, and south-facing. Collared pikas, hoary marmots
(Marmota caligata) and arctic ground squirrels (Spermophilus parryii plesius)
were the dominant herbivores in the valley. Potential predators of pikas include
raptors, foxes (Vulpes vulpes), and weasels (predominately short-tailed
weasels, Mustela erminea) (Hik et al. 2001). The snow-free season generally
extends from mid-June to early September.

Methods

We used a 10-year census dataset of >400 collared pikas where the entire popu-
lation was uniquely marked and trapped each summer. Capture methods were
described in detail by Franken and Hik (2004). Briefly, pikas were live-trapped
using Tomahawk live-traps baited with fresh native vegetation. Pikas are quite
active within their small {<25-m radius) territories, have distinctive territorial
calls, and have distinguishable haypiles (Smith 1974, 1980), permitting us to
locate and capture all pikas resident within the study area.

Individuals trapped for the first time were marked with numbered metal
ear tags (Monel #1) and a unique color combination of thin wire to allow
identification from a distance without requiring subsequent recaptures.
Individuals were sexed following Duke (1951) and classified as juvenile or
adult based on mass and molt pattern.
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Bootstrapped mean population sizes and population growth rates
(A, = N,,,/N, where N, is the number of pikas in year #) (Efron 1982) were
calculated for 2-10 years of consecutive data for as many study-durations as
possible for each subpopulation. For example, we had 7 years of consecutive
census data available for the south-facing subpopulation (1998-2004), which
allowed us to calculale bootstrapped means for six possible 2-year studies
(1998~1999, 1999-2000, . . . , 2003-2004), five 3-year studies, four 4-year stud-
ies, and so on. Coefficients of variation (CV; Zar 1999) were used to indicate
variability in the mean values. In the above example, the CV for studies of
2-year duration was based on six bootstrapped means. We present examples
of state variables (N,) and transition probabilities (4,); similar analyses could
be conducted on other population variables such as survival or reproduction.

Results

Population estimates and growth rates varied considerably and depended on
study duration, year of initialion, and location within the valley (subpopula-
tion). All three subpopulations were variable from 1995 to 2004 (Fig. 1). The
east-facing and west-facing subpopulation declined from 1995 to 2004, with
short periods of moderate increase {e.g., 2000-2002). The west-facing subpopu-
lation declined to extinction in winter 1999-2000 and was not recolonized until
2001. The east-facing subpopulation went extinct during winter 2003-2004
but was recolonized by juveniles during summer 2004. The south-lacing
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Fig. | Late summer total abundance of collared pikas (adults and juveniles) in southwestern
Yukon from 1995 {o 2004. Estimates were derived from complete census data of live-trapped
individuals in three subpopulations
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Fig. 2 Bootstrapped estimates of adult pika abundance using 2-10 years of census daia.
Triangular symbols represent bootstrapped mean number of adults in three subpopulations for
hypothetical studies of 2-10 years in duration. The solid line indicates the coefficient of variation

subpopulation was consistently larger than either the east-facing or west-
facing subpopulations and did not go extinct at any time during our study
(Fig. 1). Based on trapping data, only 4 of 400 pikas moved between these three
subpopulations from 1995-2004 following their first capture, suggesting these
areas were largely independent despite being <300 m apartl.
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Fig. 3 Bootstrapped estimates of juvenile pika abundance using 2-10 years of census data
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The coefficients of variation (CVs) for population size were lowest for the
south-facing subpopulation for all possible study durations. They (CVs) were
remarkably small (<25%) for 2-year studies (Figs. 2~4), in marked contrast to
the east-facing or west-facing subpopulations that required 5-6 years of data
before CV declined to 25%. The CV continued to decline with additional
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years of continuous data for east-facing and west-facing suggesting, not
surprisingly, that a greater number of years were necessary to reliably esti-
mate mean population size and variability.
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Fig. 5 Bootstrapped estimates of pika population growth rates using 2-10 years of census data.
Triangular symbols represent bootstrapped mean growth rate in three subpopulations for hypo-
thetical studies of 2-10 years in duration, The sofid #ine indicates the coefficient of variation

The CVs for yearly subpopulation growth rates (Fig. 5) were lowest for the
south- and east-facing subpopulations for all possible study durations, and
declined to <25% with 3 years or more of census data. This result is in marked
contrast to the east-facing subpopulation that required 5-6 years of data
before the CV declined to less than 25%. The CV continued to decline with
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additional years of continuous census data for all areas suggesting again and,
not surprisingly, a greater number of years were necessary to reliably estimate
mean population size and variability.

Discussion

Collared pika populations in Yukon are variable across time and space,
presumably in response to unpredictable environmental conditions (Smith
1978). This explanation for high variability may apply to our population that
collapsed by 90% from 1998 to 2000. The decline occurred across the entire
study area and does not appear to be related to biotic factors such as disease,
food resources, or predation. Instead, we hypothesize that the decline is related
to warmer winters that resulted in low snow accumulation (and therefore
poor insulation value), increased frequency of freeze-thaw events, icing fol-
lowing winter rains, and late winter snowfall which delays the start of the
growing season (Kreuzer and Huntly 2003; Smith 1978). If this hypothesis is
correct, we predict that pikas at our study area will experience future popu-
lation declines as a result of increased frequency of these adverse weather
events as predicted by current climate change models (Houghton et al. 2001).
In addition, climate warming is predicted to force pika populations to higher
altitudes to maintain thermoregulation and could cause localized extinctions,
particularly for lower altitude populations (McDonald and Brown 1992).

Population models created to understand pika population dynamics will
require reliable parameter estimates (Beissinger 2002). This is particularly
important when pikas are being used as a climate-change indicator species
and are used to gauge the state of the surrounding alpine ecosystem.
Further, accurate parameter estimates are essential when investigating the
effects of stochastic environmental events (Lande 2002), that are predicted
to increase in frequency by current climate models (Houghton et al. 2001).

Our study underscores the usefulness of long-term population monitoring.
Although we presented 10 years of continuous census data, this may still not
be of sufficient duration to determine the full range of natural population vari-
ability. Population size was relatively high in 1995 when the study was initiated
but has declined since then with no indication of a recovery to previous num-
bers. This parallels declining trends reported for other species of pika such as
Ochotona princeps (Beever et al. 2003) and Ochotona iliensis (Smith et al.
2004). There is no evidence to suggest that the high densities in 1995, or the
low densities in 2000, are typical or anomalous. The maximum number of
pikas is limited by territory availability, however, not all known territories, as
indicated by old haypile remains, were occupied at the same time (DS Hik et al.
unpublished data).

The low levels of observed movement between the three dominant aspects
in our study site are consistent with other reports of pika philopatry
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(McDonald and Brown 1992; Smith and Ivins 1983). Inter-patch movement
rates of marked juveniles within a given aspect are higher than between
aspects, as expected for individuals searching for vacant territories (Franken
2002). However, movement rates between patches and dominant aspects
may be underestimated because juveniles are most trappable once they
have established territories and are no longer moving between patches.
Nevertheless, subpopulations were separated by non-talus habitat (streams
and 100 to 200-m stretches of meadow), and these features likely serve as
movement barriers to dispersing pikas, which are known to have poor
dispersal abilities (Hafner and Sullivan 1995; Smith 1974).

Our results show that the year in which a study is initiated, its duration, and
the sampling location within relatively small study areas are of great impor-
tance in inferring long-term population means and natural levels of variability.
Conclusions based on short-term studies (<5 years) regarding longer-term
population dynamics should be tentative, and extrapolation to nearby popula-
tions is cautioned. Given a choice, we recommend future monitoring studies
give priority to sampling from multiple populations rather than collecting
exhaustive census data on a single population. Population estimates could be
obtained quickly and relatively inexpensively by searching for active hay piles
in late summer as an indication of pika presence. These data could then be
incorporated into a count-based population viability analysis (PVA) to deter-
mine extinction risk (Morris and Doak 2002). Alternatively, and given addi-
tional time or funding, live-trapping and ear-tagging should be added to
provide useful information on age structure and survival. This would allow for
the construction of detailed demographic PVAs that more accurately portrays
population dynamics than count-based methods (Morris and Doak 2002).
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