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Fjordland National Park, New Zealand
Historical upslope shift of broadleaf forest into shrubland
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A Biome is a Major Vegetation Zone
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Biomes of the Sierra Nevada, California, USA

Mount Whitney, elevation 4417 m
Highest Point in the lower 48 United State
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British Columbia (@ Brmk 1959)

California (Millar et al. 2004)
Labrador (ayette 2007)
Queébec (Payette and Filion 1985)
Vermont (Beckage et al. 2008)
Yukon (Danby and Hik 2007)
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Russia (Devi et al. 2008, Klrdyanov etal.2012)
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Sénégal
(Gonzalez 2001 ) s . 8
African Sahel
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New Zealand
Wardle and Coleman 1992

Analysis: Gonzalez et al. 2010 Global Ecology and Biogeography,
Settele et al. 2014 Intergovernmental Panel on Climate Change
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Noatak National Preserve, Alaska, USA
Photo © D. Betchkal




Climate change has shifted temperate broadleaf

forest upslope into sub-alpine shrubland
in Fjordland National Park, New Zealand

Wardle and Coleman 1992 New Zealand Journal of Botany
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Fjordland National Park, New Zealand
photo P. Gonzalez



-limate change has shifted temperate broadleaf

“forest upslope into alpine heathland

i the Parc Natural del Montseny, Espaina




Climate Change has shifted the Sahel savanna and
Sudan woodland biomes south in the
Réserve Sylvo-Pastorale des Six Forages, Sénéqal

Gonzalez et al. 2012 Journal of Arid Environments

'-‘Reserve Sylvo -Pastorale des Six Fo:ages Senegal
s . photo P Gonzalez
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Vulnerability of Ecosystems
to Biome Shifts Due to Climate Change
and Habitat Loss Due to Land Cover Change

Sensitivity

Exposure Adaptive Capacity

Vulnerability

20t Century Temperature . 5  Probability of

and Precipitation Linear Regression
'y Vulnerability to _
Biome Shifts
21" Century Temperature , Dynamic Global _| Gonzalez ggc?llf)gzgm
and Precipitation Vegetation Model and Biogeography
Species-Area Measure of
2009 Land Cover =~ P - > Habitat
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and Habitat Loss

Eigenbrod et al. 2015
Global Change Biology
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Data: Mitchell, T.D. and PD. Jones. 2005. International Journal of Climatology.
Analysis: Gonzalez, P, R.P. Neilson, |.M. Lenihan, and R.). Drapek. 2010. Global Ecology and Biogeography.
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Precipitation Change 1901-2002

Data: Mitchell, T.D. and PD. Jones. 2005. International Journal of Climatology.
Analysis: Gonzalez, P, R.P. Neilson, ].M. Lenihan, and R.J. Drapek. 2010. Global Ecology and Biogeography.
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Fire Frequency Change 1900-2000

Data: Mouillot, F.and C.B. Field. 2005. Global Change Biology.
Analysis: Gonzalez, P, R.P. Neilson, ].M. Lenihan, and R.J. Drapek. 2010. Global Ecology and Biogeography.
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IPCC Emissions Scenario A I B

Gonzalez, P, R.P. Neilson, |.M. Lenihan, and R.J. Drapek. 2010. Global Ecology and Biogeography.
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Projected Precipitation Change 1990-2100

IPCC Emissions Scenario AIB

Gonzalez, P, R.P. Neilson, |.M. Lenihan, and R.J. Drapek. 2010. Global Ecology and Biogeography.
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Projected Fire Frequency Chan e 2000-2100

MC| Dynamie-Global Vegetation Model, IPCC Em|55|ons Scenario AIB

Gonzalez, P, R.P. Neilson, |.M. Lenihan, and R.J. Drapek. 2010. Global Ecology and Biogeography.
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MCI Dynamic GIobaIVegetatil odel, Any Change in Nine GCM-IPCC Emissions Scenario Combinations
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Vulnerability of Ecosystems to Biome Shifts 1990-2100 7/

Observed 20" century“elimate, Projected 21* century vegetation, IPCC uncertainty criteria

Gonzalez, P, R.P. Neilson, |.M. Lenihan, and R.J. Drapek. 2010. Global Ecology and Biogeography.
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Eigenbrod et al. 2015 Global Change Biology
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Vulnerability tE; iome Shifts and Habitat Loss 1990-2100° -~

When Roadléss, Non-Urban, Non-Agricultural Land Considered Intact

Gonzalez et al. 2010 Global Ecology and Biogeography, Eigenbrod et al. 2015 Global Change Biology
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n Only Protected Areas are Considered Intact

Gonzalez et al. 2010 Global Ecology and Biogeography, Eigenbrod et al. 2015 Global Change Biology
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Highly Vulnerable: Temperate Mixed Forests

=
Cape Breton Highlands National Park, C&wada“‘ﬁ
photo P. Gonzalez
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F 1) Uluru
ta'National Park, Australia
| \photo P. Gonzalez
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Biome shifts species turnover can exacerbate ecosystem
vulnerability to invasive species due to climate change

Mooney and Hobbs 2000 Island Press
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