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
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Downward shift in land cover types during LGM
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Equatorial
Mountain Changes

Lomolino et al., 2006
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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

Hannah 2011
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Examples of recent range shifts

pika: a cautionary tale

TN DHEAFTLABNG FEA CLIMATE Al ARGy » 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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Theoretical framework for characterizing different
range shift responses to climate change
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Theoretical framework for characterizing different
range shift responses to 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




Expansion of mountain pine beetle into novel
host
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Indirect effects of climate change
that lead to range shifts

Competition with other species

ABCTIC PUAMI FETS FOR BEANGE CHANGES
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it retroating northward
expansion
northward P
Hannah 2011
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Interactions between climate
change and biological invasions

30 species of Hawaiian honeycreepers

(Drepanididae)
* endemic to Hawaiian islands

Prof. J. Hicke

Climate Change Ecology



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

Walther et al., 2002
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Climate change and extinctions

IPCC AR5 WG 2 (Intergovernmental Panel on Climate
Change, Fifth Assessment Report (2013), Working
Group 2 (Impacts, Adaptation, and Vulnerability”)):

“Climate change may have already contributed to the
extinction of a small number of species, such as frogs
and toads in Central America, but the role of climate
change in these recent extinctions is the subject of
considerable debate.”
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Rapid Range Shifts of Species
Associated with High Levels
of Climate Warming
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» 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
* 17 km/decade * 11 m/decade
+ range shifts of many species * range shifts of many
can keep up with warming species cannot
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Chen et al, Science, 2011

Meta-analyses of impacts

i sigers © 1 buemies  substantial variability in
! species
: + related to
} « time delays in
3 - - -1 responses
i ground | grasshoppers

beetles

- 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

i i

& A

4 i =

g- Uareiodsie

5»: R -] e G

=" 83 n ¥ e

R SR
i

Climate Change Ecology 2 [PCCARS W2, 2013 Prof. J. Hicke

Section 3:
Species range shifts

Patterns within the Patterns

“In the species-by-species study, the overwhelming majority of species showed the
poleward and upslope shifts expected with warming. In 1700 species studied,
poleward range shifts averaged 6 km per decade. A total of 279 of the species
showed responses that tracked climate change—poleward shift during warming
periods and shift away from the poles in cooling periods—but a net poleward shift.
This gives strong indication of climate causality.”

(Hannah p 72-73)
Hannah, Lee. Climate Change Biology, 2nd Edition. Academic Press, 11/2014.
VitalBook file.
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articles

A globally coherent fingerprint of climate
change impacts across natural systems
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consistent with inconsistent with
hypothesis hypothesis

out of 1700 species, 920 had data about distribution or abundance changes

out of the 920, 460 species had a statistically or biologically significant change

out of the 460, 81% changed as predicted based on climate change

Climate Change Ecology Parmesan and Yohe, Nature, 2003 Prof. J. Hicke
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Sudden aspen decline

distribution of
fundamental niche of
aspen based on species
distribution model

[¢

imate Change Ecology

Worrall et al., Forest Ecology and

Management, 2013
29 Prof. J. Hicke
Sudden aspen decline
Photo courtesy of W. Anderegg
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Sudden aspen decline

locations of SAD

Climate Change Ecol Worrall et al,_ Forest Ecology and Management, 2013 Prof. J. Hicke
Sudden aspen decline
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Sudden aspen decline

modeled stress (blue) and observed decline (red)
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Sudden aspen decline
Climate in last 100 years in Colorado
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Sudden aspen decline

projections of future climate stress

Climate Change Ecology
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Worrall et al,, Forest Ecology and Management, 2013
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