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Initial Project Objective
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Abstract

The flora of Calfornia, a giobal biodiversity hotspot, includes 2387 endemic plant taxa. With anticipated climate change, we
project that up 1o 66% will experience >80% reductions in range size within a century. These results are comparable with
other studies of fewer species or just samples of a reglon’s endemics. Projected reductions depend on the magnitude of
future emissions and on the ability of species 1o disperse from their current locations. Callfornia’s vasied terrain could cause
species to move in very different disections, beeaking up present-day floras. However, our projections also identify regions
where species undergaing severe ange reductions may persist. Protecting these potential future refugia and faciltating
species dispersal will be essential to maintain biodiversity in the face of cimate change.
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California Botanical Background

e 6502 Native Plants (minimum-rank taxa)
e 2291 Plants on the DFG Sensitive Plant List
e 1587 ranked S1 or S2
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‘Adaptive’ Project Objectives

1) For a carefully chosen 10% sub-set of California rare plant
taxa, which are most vulnerable to climate change? And, can
these formal vulnerability scores derived from the NatureServe
CCVI and spatial modeling be predicted from more easily
obtained data.

2) How sensitive are the spatial modeling results to climate data
Inputs or modeling algorithms?

3) Are the current spatial modeling frameworks masking
opportunities for local migration and survival utilizing local
heterogeneity in topography
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Selecting 10% of the Rare Flora
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*CA Rare Plant Rank

e|ntrinsically rare vs. anthropogenicaly rare
eEcoregion
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ePerennial vs. annual
eBotanical family
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Assessing Vulnerability

Exposure Sensitivity

Vulnerability Score

Vulnerability Index Score
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NatureServe CCVI

Why NatureServe Climate Change Vulnerability Index?

*DFG is part of the NatureServe-coordinated natural heritage system.
*Good to test out different methodologies (if crosswalkable).
*Transparent, fact based, easily revised.

California Department of Fish and Game



NatureServe CCVI

Guidelines for Using the
NatureServe Climate Change
Vulnerability Index

NatureServe

Vulnerability of At-risk Species
to Climate Change in New York

Martew D Schiesaged etiey D Conme, Koy A Peckn, sed B & Wl

Young, B. E., K. R. Hall, E. Byers, K. Gravuer, G. Hammerson, A. Redder, and K. Szabo. 2012. Rapid assessment
of plant and animal vulnerability to climate change. In Conserving wildlife populations in a changing climate,
edited by J. Brodie, E. Post, and D. Doak. University of Chicago Press, Chicago, lllinois.
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NatureServe CCVI

Exposure Sensitivity
Vulnerability Score !
i

Vulnerability Index Score

A) Direct climate exposure: Temperature, moisture (TNC Climate Wizard)
B) Indirect exposure: Sea level rise, dispersal barriers, land changes

C) Sensitivity (ecology): Dispersal, climate niche, soil endemism,
interactions, etc...

D) Modeled response: Range size change, range overlap
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NatureServe CCVI

Sensitivity variables

e Dispersal capability

e Past climate regime and reliance on specific
thermal and hydrological conditions

e Dependence on disturbance

e Dependence on snow or ice cover

e Restriction to certain geological types

e Reliance on interspecific interactions (e.g.
herbivory and pollination relationships)

e Genetic variation

e Climate-related changes in phenology
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NatureServe CCVI
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NatureServe CCVI
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Modeled Range Change Predictions

Used Both MaxEnt &
RandomForests in
R script

“Prediction is very difficult, especially if it's about the future.”
-Niels Bohr (physicist)
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High Variability in Modeled Range Change
Predictions

20+ models per species

4 climate variables (bioclim 1, 4, 12, 15)
13 GCM*ES
soil type
soil properties
random forest
boosted regression tree

19 climate variables (bioclim 1 - 19)
soil type
soil properties

rr California Department of Fish and Game



Three Major Results

1. 99 of the 156 plants are classified as ‘“vulnerable’
to climate change

. Range change predictions show mean trends, but
are extremely variable and uncertain.

. Not accounting for local topographic complexity
may be overstating vulnerability predictions from
spatial modeling

< California Department of Fish and Game



99 of 156 are “Vulnerable’ to Climate Change
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99 of 156 are “Vulnerable’ to Climate Change

CCVI
(without

Top 5 based on CCVI

Piperia vadonii
Mimulus purpureus
Calliandra eriophylla
Limosella subulata
Taraxacum californicum

Ly oy Lo by =~

op 5 based on CCVI (without D)
Monolopia congdonii
Orecuttia viscida
Pogogyne abramsii
Symphyotrichum lentum
Mimulus purp

T
1
2
3
4
5
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99 of 156 are “Vulnerable’ to Climate Change




99 of 156 are “Vulnerable’ to Climate Change

Important factors

« anthropogenic barriers (99 taxa)

* renewable energy development
(80 taxa)

« historical temperature exposure
(80 taxa)

\& California Department of Fish and Game



Correlation of CCVI scores with component factors

A set of correlations was run relating
vulnerability scores to each of the
stratification factors and each of the
individual components of the score.

Unfortunately, this means that there are
no shortcuts in assessing vulnerability.
The full analysis must be run on each
species uniquely.

Marginally significant factors (low R?)

» anthropogenic barriers (99 taxa)

* renewable energy development (80 taxa)
« historical temperature exposure (80 taxa)
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High Variability in Modeled Range Change
Predictions

CCVI = traits + modeled response

Removing modeled response can make:
Highly -> Moderately vulnerable
Increase likely -> Presumed stable

Rare species modeling paradox (Lomba et al. 2010)
“Rare species are the most in need of
predictive distribution modeling but also the
most difficult to model”

rr California Department of Fish and Game



High Variability in Modeled Range Change
Predictions

20+ models per species

4 climate variables (bioclim 1, 4, 12, 15)
13 GCM*ES
soil type
soil properties
random forest
boosted regression tree

19 climate variables (bioclim 1 - 19)
soil type
soil properties
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Can Topographic Complexity Reduce
Vulnerability?
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Can Topographic Complexity Reduce
Vulnera

bility?
RO 7
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Can Topographic Complexity Reduce
Vulnerability?

Spatial variability in climate can be nested into:
e macroclimate 100+ km — climate models

e mesoclimate - 1-100 km regional models

e topoclimate - 0.01-1 km downscaling
 microclimate (<10 m) — land facet, veg maps

Geiger & Aron,2003, Ackerly, et al. 2010
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Can Topographic Complexity Reduce
Vulnerability?

Moderately
vulnerable




What Do The Results mean for Planning
Management, and Regulation

ONSEAVATION 143 (2009) 1432
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Biodiversity management in the face of climate change:
A review of 22 years of recommendations

Nicole E. Heller’, Erika S. Zavaleta
gty of Celi

Environmental Studics Department, Universs formia, Samts Cruz, Sants Crus, CA 95606, Unted States

ARTICLEINTO ABSTRACT

Clemate change cremes new challenges for blodwersity conservation Species manges
ecological dynamics ase Mready setponding %o recent climate shifts, and current sese
will not continue %0 P all spocies they were designed 10 protect. These peodil
are exacorbated by other global chunges. Scholarly articles recommendng measury
adapt conservation to cimate change have prolifersted over the last 22 yoars. We sy
atically reviewed this literature to explore what potential solutons it has identified
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REVIEWS REVIEWS

Resource management ina changing and
uncertain climate

Joshua | Lawler™, Timothy H an Chiris Pyh M Rebecea Shaw', Patrick Gonzales”, Peter Kareiva®,
Lara Hansen’, Lee Hannah", Kirk Klsusmeyer®, Allison Aldous™, Cni'Bum" and Sem Pearsall

Climate change Is altering ecological svstems throughost the workl, Managing these systems in a way that
ignoees climate change will Bkely fall to meet management objectives. The uncertainty in projected climate-
change Impacts is one of the greatest challenges facing managers attempting to address ghobal change. In
order 10 welect sucoessfal management strategies, managens noed to understand the uncertaimty lnherent in
projected climate lmpacts and how these uncertalsties affect the outcomes of management activities. Perbaps
the mont important tool for managing ecological systema In the face of ciimate change bs acthve adaptive man-
agement, in which systems are closcly psonitosed and management stratogies are altered to address expected
and engolng changes. Here, we Giwouss the uncertalnty nberent bn different types of data on potential climate
impacts and explore climate projections and potential managesent respomses ot theee sites in North America.
The Central Valley of Californla, the headwatens of the Klamath River in Oregon, and the barmser blands and
sounds of North Carolina cach face a different set of challenges with respect to chimate change. Using these
three sites, we provide specific examples of how managen arc already beginning to addeess the thireat of ¢li
mate change in the face of varying Jevels of uncertaingy
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What Do The Results mean for Planning
Management, and Regulation

Planning Issues

Given the uncertainty of predictions plans must
address many scenarios and be adaptive.

Changes the targets for land acquisitions, bigger may
be even better.

Corridors and connectivity are needed to facilitate
natural migration and population viability.

Maintenance, restoration and enhancement may be
reprioritized based on range shifts. Invest these
activities In areas that will harbor species over time.

\& California Department of Fish and Game



What Do The Results mean for Planning
Management, and Regulation

Management Issues

Most current threats are exacerbated in less suitable
range (especially invasives, fire, development in cool
areas). Prevention measures even more important.

Adaptive management more important than before.

May need to “assist” migration

Monitoring of vulnerable species especially at warmest
part of their range just beyond the cooler end.

\& California Department of Fish and Game



What Do The Results mean for Planning
Management, and Regulation
Regulatory Issues

« Conservation status I.e. ranking and listing now must
look at CC vulnerability.

« Mitigation must deal with long term predictions of
viability.

* Does T&E critical habitat need to include ‘future
habitat’?
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vulnerability vulnerability
assessment assessment

Species
vulnerability
assessment

Climatic
tolerance
measurements
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measurement




Next Steps

Communicate our results for the species deemed most
vulnerable.

Enhanced monitoring and surveys.

Do another vulnerability assessment for the next 150
taxa — the most ‘threatened’ or imperiled.

Look at common plants and plant communities that
wildlife depend on.

Incorporate local topographic complexity into spatial
modeling.
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