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Utilizing existing biodiversity datasets for risk assessment
Projecting impacts of climate change and land transformation on Banksia

b S - Banksia Atlas samples (4715)

A's

'T0Z-£8T ‘9T ‘suonnquisig g ANs4aAIqg

(0T0Z) 49 ASIBPIIA 3C YT ‘W 1IISNDIN ‘1D So1eA

Garakdton § 3
b’

s
2005

Jurian Bay ._ _.

" Katanming il

: o
il Remnant vegetation [0
T5E 120°E 125'E

s




The quokka Setonix brachyurus

Study area based
on inferred
distribution at
pre-European

.......

[ stusy region

| Remnant wegstatian

Slirbng Rangs
Hationed Park




Modeled mean annual rainfall v. mean annual temperature at 1000
points across SWWA for historical period (1961-90) and three climate
iImpact scenarios in 2070
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Projected geographic ranges of Banksia leptophylla for
three climate change severity scenarios

Historical 2030 2050 2070
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Yates C.J., McNeill A., Elith J., Midgley G.F. (2010). Assessing the impacts of climate change and land
transformation on Banksia in the Southwest Australian Floristic Region. Diversity and Distributions, 16, 187-201.



Projected geographic ranges of Banksia gardneri for three
climate change severity scenarios

Historical 2030 2050 2070
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Terms and conditions for interpreting species distribution
model output

o Although SDM’s are increasingly used to forecast the impacts of climate change on species distributions, their evaluation (validation) remains problematic, because there
are seldom suitable data against which predictions of future ranges can be tested. Consequently, evaluation of models is usually restricted to how well they predict current
distributions (but see Araujo et al. 2005). Evaluations of current distributions preferably use an independent data set, but in reality most often use data re-substitution or
data splitting, whereby a portion of the data are used to train the model and a portion withheld to validate it. Two measures of classification accuracy are commonly used,
the Kappa statistic and the area under the curve (AUC) of a receiver operating characteristic (ROC) plot (Guisan & Zimmerman 2000; Guisan & Thuiller 2005; Heikkinen
et al. 2007). The Kappa co-efficient measures the correctly classified presences and absences after the probability of chance agreement has been removed. The AUC of
the ROC plot reports whether predictions are well ranked (i.e. predictions for presence sites being higher than predictions for absence sites) over all possible threshold
levels. Other more subjective methods can also be used to evaluate models, including expert interpretation of the model to check its consistency with knowledge of the
species (Austin 2002).

o Predictive accuracy may vary considerably among different modelling methods applied to the same data set (Thuiller 2003, 2004; Araujo et al. 2005; Elith et al. 2006;
Pearson et al. 2006; Lawler et al. 2006). However, because the models are correlative, strong performance of any method in the present climate does not guarantee
similar performance under future climates (Thuiller 2004, see discussion below), especially as biotic interactions may change due to species within current communities
responding differently to climate change (Davis et al. 1998; Pearson and Dawson 2003).

o Uncertainties in future species distributions arising from variation in predictions among different SDM methods, different GCMs, and emission scenarios can at least be
quantified and incorporated into a range of conditional probabilities. More problematic are uncertainties in model predictions arising from the genetic, life-history,
ecological and historical factors, which in addition to climate influence species distributions (Lewis 2006).

o With the exception of recent Bayesian models most SDMs assume species are at equilibrium with the present climate, and most use just bioclimatic variables to predict
the present and future distributions of species under climate change. As a consequence SDMs have been criticized for not including key processes affecting species
distributions, and have been seen as over simple, yielding misleading predictions (Hampe 2004; Lewis 2006).

o Species distribution models rely on the assumption that a species is currently at equilibrium with the present climate and the models extrapolate this equilibrium
assumption into the future to generate potential range forecasts. This is problematic because past events (e.g. climate at the Last Glacial Maximum LGM), together with
the migration ability of species, will influence their present distribution (Svenning & Skov 2007). Species with limited migration ability or whose ranges are restricted by
physical barriers to migration may take a long time to reach a new future equilibrium with climate (e.g. Leathwick 1998), and for all species that are not at equilibrium with
climate (e.g. because they are still in a phase of expansion since the LGM), correlative range distribution forecasts will inevitably be biased. In this case any method of
consensus/ensemble forecasting will only summarize these biased projections.

o All species exist within a web of mutualistic and antagonistic interactions with other species, and numerous studies have demonstrated how the presence or absence of
one species can affect the population and range dynamics of another (Connell 1961; Davis et al. 1998; Leathwick & Austin 2001). An acknowledged shortcoming of single
species SDMs is that they do not explicitly account for the effects of biotic interactions on species distributions. Negative interactions (e.g. inter-specific competition),
positive interactions (e.g. mutualisms) and meta-population source-sink dynamics may alter species distributions (Hutchinson 1957; Shmida & Ellner 1984; Araujo &
Guisan 2006). Thus what appears to be a climatic limit to a species range may be a biotic interaction with, for example a competing species. This may not be a weakness
for predicting species distributions under present conditions. Indeed, many SDMs utilizing only bioclimatic variables predict present species distributions reasonably well.
However, neglecting inter-specific interactions may result in incorrect predictions of future distributions if biotic interactions change (Davis et al. 1998; Pearson & Dawson
2003), and this will be influenced by the stability of assemblages of interacting species.

o Although the distribution of species assemblages can often be predicted by environmental variables, the fossil record indicates that in many areas these assemblages
may not be stable in geological time. Species apparently respond idiosyncratically to climate change, because of differential persistence, dispersal rates and substrate
affinities. As a consequence novel species assemblages and interactions will develop in the future. A question which arises from the foregoing is: how will a new
community context affect the population and range dynamics of a species or, put another way, how stable are modelled niches in the face of changing species
assemblages? Species distribution models assume niche conservatism. Some authors argue that rearrangements of species interactions will have effects on population
and range dynamics far greater than those arising directly from the influence of climate change on species physiological tolerances (Davis et al. 1998). Other authors
argue that bioclimatic envelopes remain stable through time (Peterson et al. 2005; Martinez-Meyer & Peterson 2006). The reality probably lies somewhere in between.
There are a growing number of experimental and empirical studies which demonstrate that climate change can affect the strength and direction of existing inter-specific
interactions and so profoundly affect the population dynamics of species and alter the composition of ecosystem (Suttle et al. 2007). The legacy of long-lived species with
adult stages that can persist, but are unable to recruit as the climate changes, may prevent colonizing species from establishing. Currently, SDMs cannot forecast the
lagged impacts of altered higher order species interactions that will govern the trajectory of ecosystems. More systems oriented approaches will be necessary to elucidate
these responses (Suttle et al. 2007).
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Key points

O

Planning for climate change a challenge because of uncertainty
about the

magnitude and rate of climate change

climate tolerances and adaptive capacity of species
complex interactions among species

non-linear dynamics of ecosystems

O Credible scientific assessments of vulnerability are needed

O Only the most optimistic and least risk averse among us would

consider that we shouldn’t act
Urgent action is needed on mitigating greenhouse gas emissions
But we are already committed to a certain amount of climate change

and an increase of 2°C by the end of the century looks inevitable

Consequently, there is an urgent need for initiatives and actions that
reduce the vulnerability of natural and human systems against
expected climate change impacts



Conservation strategies for a changing climate
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O OO 000 O

O
O

Reducing emissions and ensuring bio-diverse carbon
capture

Managing our natural carbon sinks effectively

Tackling existing stressors leading to biodiversity loss
Strengthening off-reserve conservation

Securing the reserve system

Establishing appropriate ecological connectivity
|dentifying areas that may act as climate change refuges

Increasing commitment to effective monitoring programs
and climate change adaptation science

Assisted migration
Ex situ conservation

Steffen et al. 2009. Climate change and biodiversity: an adaptation response for Australia.
CSIRO Publishing, Melbourne.



Reducing emissions and ensuring biodiverse
carbon capture

o Carbon capture through revegetation of cleared
agricultural land

O Additional benefits for biodiversity — habitat, increased
connectivity




|dentifying climate change refugia

Develnplng an mtegrated approach to chmate change refugia in ﬂ-ld stable Iandscapes
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| Introduction
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| Dbjectives and Methods
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meEpping, ecoptysiclogy (Fig 3), spatio-temporal modeSing.

(2 G e e rlonioa sl iaialive of refgie fom |
e S eveltienaasy dh st of sland ooy
LTSNS O grante dufrrors covrdnet i e e
Date sourpes: Bogesgraphy (species distributions), ecology
{eormiunity dynamics, functional raitd]), micho-geodgraghsy,
macro- B micro-cimate, phylogeny.

25: O plyieegraphic and bogeographic attems
clrmratrate Hal grandi cuterns e Aten 2 refigia?
Data sources: phwlogeograpiy, modelling [niches & cimate), |
Diogeagrapity.

Dur resesanch irvestigates thie mle of grenite culrrops 85 past, presant
and Ruture refugia, and Is quided by e questions. We (it these
Do with Ene sources of dats we use o addreis Hen.

Vigetzhon height (3]

1]

] |
=

[
He

Py

(]

=)

]

[iCh o o e pp

Fig % Meacuring maoroolimate {ightl. and ap flow of a Rales
Hingle [Eucakypius brevissyiis; bef] on Crocsing HIL.

Condusion

Ouf research B apphing an integrted, mulSdscplinasy |
approach o determing the potential of granite oubonops in
SWWNA ko Bct as refugia (e, safe havens for biota) in te
face of anthropogenic dimete chénge Results wil
contribute to regional coservation planing end hep o |

EEE

£

Fig 2. Digital slevation modeis [DEM] and vagetasion height dered trom LIDER

Fraagery (mutHpes rvhurme with o] of 1.2 peimiz) for e
) M Chudaiup (145 m sievabion, 1200 mm MAF) friairilzin bodiversity.
b} Croccing Hill (380 m slewation, 1000 mm AR .

of Prak Chiaries {850 m bevarSan, 363 mm MAR] with ncerted plotur. =] Ay Curtin s




Translocations - Reintroductions WA Flora

< Currently 55 species ( 90 populations?)
have been translocated-reintroduced

< Ex situ seed collections exist for, 1530
taxa (293 threatened) — 3258
collections

< A number have involved Phytophthora
susceptible taxa translocated outside
their known range

< Climate change issues are given little
consideration




