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Outline Impacts on world’s biodiversity are already taking place

1. Observed impacts — 20th Century
2. Predicted impacts — 21st Century

3. Conservation under climate change

General pattern of climate change impacts Evidence of shifts in the cold edge

BN lex aquifolium

Latitudinal shift — 0°C-January isoline

Expansion in the northern
distribution edge

Contraction in the southern

distribution edge

Altitudinal shift

(Walter & Straka 1970) (Walther et al. 2006)



Evidence of shifts in the cold edge
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Average norhward shift of the range margin (Wm)

Average northwards shift across all 329 species of 31-60 km in
Britain

Hickling et al. 2006

Lower elevation limits for 16 butterfly
species in the “Sierra de Guadarrama”,
central Spain, have risen on average by 212
m in 30 years, accompanying a 1.3 °C rise
in mean annual temperature

Wilson et al. 2005

Models predict even greater warming during 21% century
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Global surface warming (°C)

IPCC 2007

A degree of warming seems inevitable

Even if emissions had been completely halted
in 2000, the total temperature increase from
greenhouse gases already in the atmosphere
would be approximately 1.5°C globally.

Outline

1. Observed impacts — 20th Century
2. Predicted impacts — 21st Century

3. Conservation under climate change

Can we predict climate change effects on biodiversity?
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A mature scientific debate is now taking place and
= : uncertainties are made explicit
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Ecological uncertainties —niche space

Moisture

Temperature

Aratijo & Pearson 2005 Ecography

Change -~ Worldwide distribution

of Black Girdled Lizard
« Dispersal
« Establishment
* Reproduction

No dispersal Unlimited dispersal

Data uncertainties

Bird sp. richness Recording effort

Bird sp. richness Recording effort
1990s 1990s

Algorithmic uncertainties

BIOCLIM
CTA

GA
GAM
GARP
GLM
DOMAIN

Pearson, Thuiller, Aratjo 2006 J. Biogeogr

Why are models so variable?




Conceptual issues on validation Why haven't people noticed?

Global Change Biology (20051 11, 1504=1513, dot: 10,1111/} 136

1. There is a fundamental difference between the ability of a

Validation of species—climate impact models under

model to describe a given situation by calibration of its climate change
parameters, and its ability to adequately represent new
observations using existing calibration.

MIGUEL B. ARAUIO , RICHARD G. PEARSON®L WILFRIED THUILLERS an
MARKUS ERHAR

. Failures to predict independent events expose the
limitations of a calibrated model. It may reveal structural
deficiencies, i.e. failures in the underlying
conceptualisation of the problem, or data limitations, i.e.
data that has failed to fully reflect the underlying
environmental processes.

predictions and thes
inties. Model valid,

Why haven't people noticed? Skeptics warn: model can never be validated!
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Performance on calibration versus Performance on calibration versus - . . q
non-independent validation set independent validation set If it rains tomorrow, I will stay home and revise
— this paper. The next day it rains, but you find that
D I am not home. You conclude that my original
- L statement was false. But in fact it was my intention
. - g o%. E to stay home and work on my paper. The
i. i S formulation was a true statement of my intent.
i . 5. . ST Later, you find that | left the house because my
B S mother died, and you realise that my original
*T . . PR formulation was not false, but incomplete”.
Aratijo et al. 2005. Global Change Biology Oreskes etal. 1994. Science
Producing large ensembles Ensemble forecasting
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Ensemble forecasting of species

distributions
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Reducing uncertainty in projections of
extinction risk from climate change
Migadd & Aratijo'**, Robert L Whittaker', Richard |, Ladle' and Markiss Erhard"
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The decision is:
If the truth is:

Believe

Not believe

God exists TRUE POSITIVE

Consequence: Heaven

FALSE NEGATIVE
Consequence: Hell

God does not

FALSE POSITIVE

exist Consequence: unmerited faith

TRUE NEGATIVE
Consequence: Atheism

Range shifts

The prediction is:
If the truth is:

Species contracted

Species did not contract

Species

contracted Action: Conserve species

TRUE POSITIVE FALSE NEGATIVE

Action: Do nothing

Persi possible Extinction possible

Species did not

contract Action: Conserve species

FALSE POSITIVE TRUE NEGATIVE

Action: Do nothing

Misuse limited Persi probable

‘If God does not exist, one will lose nothing by believing in him, while if he does exist, one
will lose everything by not believing... we are compelled to gamble...”




Predicted
Observed

Contracted

Ensemble forecasting: test with British birds

Did not contract

Predicted
Observed

Ensemble forecasting

Contracted

: test with British birds

Did not contract

Species
contracted

TRUE POSITIVES
All: 50% (LQ=31%; UQ=69%)

FALSE NEGATIVES Species

All: 50% (LQ=319%; UQ=69%)

contracted

TRUE POSITIVES
All: 50% (LQ=31%; UQ=69%)
Consensus 1: 75% (LQ=50%;
UQ=100%

FALSE NEGATIVES
All: 50% (LQ=31%; UQ=69%)
Consensus 1: 25% (LQ=0%; UQ=50%)

Species did not
contract

FALSE POSITIVES
All: 4% (LQ=12%; UQ=56%)

Araljo et al. 2005. Global Ecology and Biogeography

TRUE NEGATIVES
All: 56% (LQ=449%; UQ=88%)

contract

Species did not

FALSE POSITIVES
All: 44% (LQ=12%; UQ=56%)
Consensus 1: 12% (LQ=0%; UQ=50%)

TRUE NEGATIVES
All: 56% (LQ=44%; UQ=88%)
Consensus 1: 88% (LQ=50%;
UQ=100%)

Araljo et al. 2005. Global Ecology and Biogeography

Predicted
Observed

Ensemble forecasting: test with British birds

Contracted

Did not contract

Species
contracted

TRUE POSITIVES
All: 50% (LQ=31%; UQ=69%)
Consensus 1: 75% (LQ=50%;
UQ=100%)
Consensus 2: 100% (LQ=100%;
UQ=100%)

FALSE NEGATIVES
All: 50% (LQ=31%; UQ=69%)
Consensus 1: 25% (LQ=0%; UQ=50%)
Consensus 2: 0% (LQ=0%; UQ=0%)

Species did not
contract

FALSE POSITIVES
All: 44% (LQ=12%; UQ=56%)
Consensus 1: 12% (LQ=0%; UQ=50%)
Consensus 2: 0% (LQ=0%; UQ=0%)

Ensemble forecasting: intermediate techniques

Consensus

TRUE NEGATIVES
All: 56% (LQ=44%; UQ=88%)
Consensus 1: 88% (LQ=50%;
UQ=100%)

Consensus 2: 100% (LQ=100%;

UQ=100%) 15000

Aratijo et al. 2005. Global Ecology and Biogeography
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Distance

Aratijo et al. 2006. Journal of Biogeography

Ensemble forecasting: hybrid form

Consensus
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Aratijo et al. 2006. Journal of Biogeography

Diphasium alpinum

Ensemble forecasting: impacts of climate change on

European plants

Selaginella denticulata




Ensemble forecasting: impacts of climate change on Measuring sources of uncertainty
European plants

ecies x 5 2050 climate scenarios x 4 modelling techniques x 2 thresholds = 91,600 models =
. 7. 40 projections per species

Areas of high risk for plant diversity

Combined variability Modelling technique Threshold ruls Climate scenario

under climate change:

Northern Mediterranean (52% loss),
(] L o .

Pannonian (54% 0ss), PCA axis 1 = Aggreement among projections (52% variance)

iy P Ve
Lusitanian (60% loss) PCA axes 2 and 3 = Disagreement among projections (44% variance)

Mediterranean Mountains (62% loss) 90% of the disagreement is explained by model and choice of threshold

Thuiller et al. 2005 PNAS

Outline Purpose of systematic conservation planning

“...to identify the exact number, extent and spacing of
various habitats for the survival of each species of
plant, animal and fungus”

1. Observed impacts — 20th Century Hooper (1971)

2. Predicted impacts — 21st Century

“... to maintain, hopefully in perpetuity, a highly

complex set of ecological, genetic, behavioural,
evolutionary and physical processes and the co-
evolved, compatible populations which participate in
these processes”

3. Conservation under climate change

Frankel & Soulé (1981)

First rule of ecological tinkering: keep all pieces Reserve selection strategies

Population dynamic
processes

@ Extrinsic threats
‘ (} Climate change
-

Richness hotspots Rarity hotspots Complementarity set

81.75% 92.77% 100%, ~6 representations




Are existing conservation strategies adequate? Estimating risk for conservation planning
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Would climate change drive species out of reserves?
An assessment of existing reserve-selection methods

MIGUEL B. ARAUJO™T 1, MAR CABEZAS, WILFRIED THUILLERY] . LEE HANNAH™

High risk

Concern for climate change has ot yet been integrated in protocols for reserve selection,
However if dimate changes as projedied, there is a possibility that current reserve-
sclection meethods might pravide selutions thal 2 species’ lneg:

of existing

High/low risk

wsing & different . wilabilily and reserve
dusteringd are compared, The assessment |s camied out using European distributions
of 1200 plast species considering two evireme soenarios of Fesponse fo climate
change: mo dispersal and universal dispersal. With our data, &-11% of species modelled
would be polentially Josl fmm seleced resenves in 8 Syear period Messured

Avralijo, et al. 2004 Global
Change Biology

Present Future A

‘dispersal
Method (315 areas) No dispersal Universal dispersal

Presence 92.92 93.94

Presence clustered 88.88 92.15

Presence suitability 93.45 94.47

Anetod 457 2.32

Random (p<0.05) 90.44 9358

3% of plant species 14% of species will 7% of species will be
are outside PA (now) be outside PA (2050) outside PA (2050)

Aratijo, et al. 2004 Global Change Biology
Arajo et al. In preparation

Planning for climate change Planning for climate change

With dispersal Without dispersal RENEY Corridors
Planning for Climate Change: Identifying
Minimum-Dispersal Corridors for the
Cape Proteaceae

raphy and Conservs

ool of Gromaraphy amd the Envvirvmment, University of Oxfionl. 1A Mansfickl Rosd, Oxfond




Planning for climate change

Transformed land
(>66%)

Identifying minimum-dispersal corridors

Williams, et al. 2005 Conservation Biology

Selecting new reserves and corridors

Other flexible areas

Willams et al. 2005 Conservation Biology

The cost of waiting

IUCN goal:

Achieve 100 km2 representation or 10% of range,
whichever is larger

Cost filling the Cost filling the  Cost anticipate

gaps in protected gaps now, wait for impacts
areas now impacts, then act

Europe 18% 59% 35%

Hannah et al. 2007

Are existing conservation strategies adequate?

Protected arca needs in a changing climate

!lnh.l ey, Sandy Andelman’, Miguel Arnitjo®, Greg Hughes', Enrique Murtines-Meyer',
d Wil

v ot ol protected . Climate change could
e of cursenit fied proteced
v, e ol pachi s Atrivdion me g and conservation planning

e Roristic Reglon of Sosth Africa, and Wester to

1 light of anticipated qpecies rngo thifts caused by climate change. W
setitation Largets and as ara roquired 1o moet those Langds in the present and in the futar, ||nd\u|
moderate climate che O find Tt that protected e i important
strategy in such 2 s hat warly action may be bath moee ffective and ks costly than inaction or
delaved action, Acconding | if profictions, costs may vary among reglons and noee of the this areas studisd
will fully moet all comservation tangets, even under a moderate climate change scenario. This suggests that lis-
iting climate change is an essential complemant 1o adding profected aneas for conservation of blodivendty,




