Section 3:
Species range shifts

Learning outcomes

« understand concepts and mechanisms of
range shifts

» give examples of the direct effect of climate
change on range shifts as well as the indirect
effects

« describe how range shifts have been used as
evidence for climate change

Climate Change Ecology 1 Prof. J. Hicke

Adaptation: Evolution

conehead bush cricket Roesel's bush cricket
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Differential species
responses:
rates, direction

different climate
sensitivities? habitat
requirements?
predators/parasites?

MacDonald 2009
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Examples of recent range shifts

Edith’s checkerspot butterfly: northward and upward in
elevation shift
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Examples of recent range shifts

pika: a cautionary tale

THE DISAPPFEARING PIKA: CLIMATE AND PHYEIOLOGY

sensitive to summer
temperature

« recently, lower
elevation populations
have disappeared

« but pikas exist in hot
places

Tricky to understand the role of climate change!
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Indirect effects of
climate change that
lead to range shifts

increase in
burned area for
12 Cincrease in
temperature

Littell et al., Ecological Applications, 2009; National Academies, Climate Stabilization Targets, 2010

Indirect effects of climate change
that lead to range shifts

Range shift allows utilization of new habitat

brown argus butterfly: northward expansion
at twice global mean rate: why?

Host 1: rockrose occupies sites with
warmer microclimate; not widespread

Host 2: geranium occupies sites with
cooler microclimate; widespread

N Patemann et al., Science, 2012
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Indirect effects of climate change
that lead to range shifts

Range shift allows utilization of new habitat

with warming, brown argus uses geranium

because geranium is more widespread, butterfly
can disperse more easily

warming facilitates expansion, allowing brown
argus to adapt rapidly (benefit)

species interactions are important for assessing
climate change impacts

N Patemann et al., Science, 2012
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Expansion of mountain pine beetle into novel host

Potential
host (jack

Historical
host
(lodgepole
pine) range

Logan and Powell 2001
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Indirect effects of climate change
that lead to range shifts

Competition with other species

ARCTIC FOX AND RED FOX RANGE CHANGES |

southern range
limit retreating
northward

northward
expansion

Hannah 2011
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Interactions between climate
change and biological invasions

30 species of Hawaiian honeycreepers
(Drepanididae)
« endemic to Hawaiian islands

« on Oahu, 6 species extinct by 1900
« declines in lower elevation species but not
higher elevation

« tied to introduction of Culex mosquitoes in
1820s by Europeans

carriers of avian malaria

« lack of evolution in presence of
mosquitoes => lack of defense in
honeycreepers

ot B A M AL B limited in elevation extent by temperature
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Warming => upward
expansion of avian
malaria parasite

Implications for native
birds???

Hannah 2011
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Climate change will facilitate invasions of exotic species
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Walther et al., 2002
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Meta-analyses of impacts
« 23 taxonomic groups, 764 species
« found that most studies indicated expected shifts in
response to warming
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Meta-analyses of impacts

< latitude « elevation
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Meta-analyses of impacts
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Parcestage of species

« different physiological
constraints

« other drivers of change

Chen et al., Science, 2011
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Meta-analyses of impacts

» physical and biological
responses with observed
changes

» 90% were consistent with
warming

+ consistent across
continents

very unlikely to be caused
by natural climate
variability

Rosenzweig et al., Nature, 2008
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Meta-analyses of impacts

Rate of range shifts for marine taxa, 1900-2010
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