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Session overview:

• Observed ‘fingerprints’ of climate change

• Predicting future impacts

• Some promising ways forward

• Communicating uncertainty



Tsaratanana, 2050 m, 2003

Chris Raxworthy and team,

Tsaratanana summit, 1993

Data from two surveys in 1993 and 
2003 that used the same transect 

and sampling strategy



Elevational displacement of 
distribution midpoint between 

1993 and 2003 for 30 species of 
reptiles and amphibians 
surveyed at Tsaratanana

(Raxworthy et al. 2008 Global Change 
Biology)

Mean displacement = 65m upslope 
(n=30, p<0.01)



Changes in mean annual 
temperature between the 
decades 1984-1993 and 

1994-2003

Evidence of recent warming in Madagascar



Changes in mean annual 
temperature between the 
decades 1984-1993 and 

1994-2003

Evidence of recent warming in Madagascar

Right axis shows the corresponding 
change in isotherm height,

lapse rate of 6ºC/1000m

Expected upslope 
displacement: 17-62m



Overall, similarity between observed (μ65m) and 
expected (17-62m) upslope displacement suggests 

distribution shifts are being driven by warming

But… uncertainty… only two points in time, a single 
massive, possible confounding effects of 

phenology…



There is 

very high
confidence that 
climate change 

is already 
affecting living 

systems

IPCC 2007



20-30% of species are likely to be at

increased risk of extinction

if global average warming exceeds 2.5°C

IPCC 2007



40-70% of species are likely to be at

increased risk of extinction

if global average warming exceeds 3.5°C

IPCC 2007



Marojejy

Tsaratanana

Montagne d’Ambre

Ankaratra

Ibity

Itremo

Elevation:

0 m

2864 m

<300 m from massif summit (~1.8°C*)

300—600 m from massif summit (~3.6°C*)

Potential upslope extinction vulnerability in Madagascar

(*assuming a lapse rate of 6°C/1000m)



Potential upslope extinction vulnerability in Madagascar

Examples of species from massifs in Madagascar, known only from 
<600m from the highest summit:

(Raxworthy et al. 2008 Global Change Biology)



Models to predict future impacts

Correlative/statistical vs. Mechanistic/process-based

• E.g., Dynamic Global 
Vegetation Models

• Do not rely on ‘realised’ 

ecological niches

• Require detailed physiological 
data, tend to operate above 
the species level (e.g., 
biomes) at coarse resolution

• ‘Bioclimate envelope’ models

• Assume current distribution 

gives a good indicator of 

ecological requirements

• Good for rapid ‘first pass’ 

assessment, can model many 

individual species at fine 

resolution

(for a review see Kearney and Porter Ecology Letters 2009)



Ecological Niche 
Model

)()( 2211 xfxfy 

...)( 33  xf

present day

future

Future climate 
scenarios

(Peterson et al. 2011 Ecological Niches 
and Geographic Distributions)



‘Bioclimate envelope’ predictions for Twinflower (left) and White-beaked sedge (right)

Present day 2050s projection Present day 2050s projection

Upslope range contraction Pole-ward range expansion

Predicted distribution shifts under climate change

(Pearson et al. 2002 Ecological Modelling)





Extinction risk from climate change

(Thomas et al. 2004, Nature)

“we predict, on the basis of mid-range 

climate-warming scenarios for 2050, that 15-

37% of species in our sample of regions and 

taxa will be „committed to extinction‟”

S = cAz



Uncertainties in predictions of future 
impacts of climate change

Pearson & Dawson 2003, 2004 Global Ecol. Biogeog.

Thuiller, Araújo, Pearson et al. 2004 Nature

Pearson 2006 TREE; Pearson et al. 2006 J. Biogeog.

Ecological

• Model selection

•Coarse scale of analysis 
Algorithmic

• Dispersal capacity

• Biotic interactions 

• Non-analogue climates

• Rapid evolutionary

adaptation

• Direct impacts of CO2

• Climate scenarios

• Thresholding



current

future
Thomas et al (2004, Nature):

species-level extinction estimated to 

be 21-32% with universal dispersal, 

and 38-52% with no dispersal (under 

maximum projected climate change)

Will species be able to „keep up‟ with changing climate?

Uncertainty example 1: Dispersal ability



Alternative mechanisms to explain rapid colonization 

of trees in response to late-glacial warming

(Pearson 2006 Trends in Ecology & Evolution)

2. Local dispersal from refugia1. Long-distance dispersal



Uncertainty example 2: complex ecological networks



Jouke Prop

Uncertainty example 2: complex ecological networks



Linda J. Gormezano



Modelling technique
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Diastella divaricata

Leucospermum

hypophyllocarpodendron

Uncertainty example 3: Model-based uncertainty



Methods for dealing with uncertainty and improving predictions



Ensemble forecasting to reduce model-based uncertainty

(Araújo & New 2007 TREE)



Linking Ecological Niche Models and Demographic Models

Keith et al. 2008 Biology Letters
Brook et al. 2009 Biology Letters
Fordham et al. 2012 GCB

Ecological Niche Model

Population

model



40-70% of species are likely to be at

increased risk of extinction

if global average warming exceeds 3.5°C

IPCC 2007



The ongoing challenge is to communicate 
the state of knowledge concisely and 
accurately, avoiding exaggeration and 
hyperbole

In light of recent controversies, more measured and 
nuanced messages are needed to ensure that public trust 
in science is maintained



we have enough

evidence to prove wrong the skeptic 

who denies that climate change is a threat

… global warming will lead to

extensive and irreversible
transformations of ecosytems

Are conservation scientists “crying wolf”
over climate change?
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Pearson 2007; Peterson et al. 2011



Ecological niche 
model

Pearson 2007; Peterson et al. 2011


