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Evolution of Dispersal and Global Climate Change

Global climate change (GCC) can challenge species’ survival by shifting and
(or) shrinking suitable habitats, leading to habitat fragmentation. American pikas
(Ochotona princeps)—small, talus-dwelling, montane lagomorphs physiologically
adapted to cold climates—are thought to face precisely this sort to threat from
GCC. Recent climate changes appear to have decreased suitability of pika habitat
in both the Great Basin and adjacent Sierra Nevada[1,2]. On the other hand,
pika populations in both these regions appear robust[3]. One hypothesis explaining
these contradictory observations suggests that pikas may adapt to climate change by
evolving compensatory dispersal strategies that blunt the impact of fragmentation.

Here we address this hypothesis using adaptive dynamics[4] to study the evo-
lution of dispersal strategies in pikas. Inspired by the models of Metz and Gyl-
lenberg[5] and Parvinen[6], we construct a novel model of pika metapopulation
dynamics and derive a fitness measure of a rare mutant in an environment set by
the resident. We use a semi-discrete time approach with discrete phases defined
by sequential breeding seasons and continuous within-phase processes (e.g. emigra-
tion, immigration). Local catastrophes occur with a rate which can depend on the
patch population size. We consider climate change as shifts in model parameters,
including fecundity, survival and catastrophe rates along with dispersal cost, and
analyze how such changes affect evolutionarily stable dispersal strategies.

References

[1] D. K. Grayson, A brief history of Great Basin pikas, J. Biogeogr. 32 2103–2111, 2005
[2] C. Moritz and J. L. Patton and C. J. Conroy and J. L. Parra and G. C. White and S. R.

Beissinger, Impact of a century of climate change on small-mammal communities in Yosemite
National Park, USA, Science, 322 261–264, 2008

[3] C. I. Millar and R. D. Westfall, Distribution and climatic relationships of the American pika
(Ochotona princeps) in the Sierra Nevada and western Great Basin, U.S.A.; periglacial land-
forms as refugia in warming climates, Arctic, Antarctic Alpine Res. 42 76–88, 2010

[4] S. A. H. Geritz and É. Kisdi and G. Meszéna and J. A. J. Metz, Evolutionarily singular
strategies and the adaptive growth and branching of the evolutionary tree, Evol. Ecol. 12
35–57, 1998

[5] J. A. J. Metz and M. Gyllenberg, How should we define fitness in structured metapopulation
models? Including an application to the calculation of ES dispersal strategies, Proc. Royal
Soc. London B, 268 499–508, 2001

[6] K. Parvinen, Evolution of dispersal in a structured metapopulation model in discrete time,
Bull. Math. Biol. 68 655–678, 2006

1


