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Initial Project Objective 
 

Why plants? 

California Department of Fish and Game 

Birds – PRBO Conservation Science (Gardali et al. 2012) 
Mammals -  Conservation Biology Institute 
Reptiles & Amphibians – UC Davis 
Fish – UC Davis 
Ecoregional Summaries - PRBO Conservation Science (2011) 
 

CA Department of Fish and Game Climate Science Program 
dfg.ca.gov/Climate_and_Energy/Climate_Change 
 
Dr. Amber Pairis 
Whitney Albright 
 



Initial Project Objective 
 

Which rare plant species in California are 
most vulnerable to climate change? 

“up to 66% will experience >80% reduction in  

range size within a century” 

California Department of Fish and Game 



•  6502 Native Plants (minimum-rank taxa) 

•  2291 Plants on the DFG Sensitive Plant List 
•  1587 ranked S1 or S2 

California Botanical Background 

33,717 CNDDB Plant 

Element Occurrences 
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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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7 types of rarity (Rabinowitz 1981) 

•CA Rare Plant Rank 
•Intrinsically rare vs. anthropogenicaly rare 
•Ecoregion 
•Perennial vs. annual 
•Botanical family 

Stratification 



Assessing Vulnerability 
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Species Attribute System Species Distribution Models (SDM) 



NatureServe CCVI 
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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. 



NatureServe CCVI 
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www.natureserve.org 

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, Illinois. 



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 

A & B C 

D 



NatureServe CCVI 
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Sensitivity variables 
 

• Dispersal capability  
• Past climate regime and reliance on specific  
   thermal and hydrological conditions  
• Dependence on disturbance  
• Dependence on snow or ice cover  
• Restriction to certain geological types  
• Reliance on interspecific interactions (e.g.  
   herbivory and pollination relationships)  
• Genetic variation  

• Climate-related changes in phenology  



NatureServe CCVI 
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NatureServe CCVI 

 

 

 

 

 

 

California Department of Fish and Game 



NatureServe CCVI 
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Range loss 

Range gain 

Range stable 
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Modeled Range Change Predictions 

“Prediction is very difficult, especially if it's about the future.” 
-Niels Bohr (physicist) 

Used Both MaxEnt & 
RandomForests in  

R script  



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 

High Variability in  Modeled Range Change 

Predictions 

California Department of Fish and Game 



1. 99 of the 156 plants are classified as ‘vulnerable’ 

to climate change 

 

2. Range change predictions show mean trends, but 

are extremely variable and uncertain.  

 

3. Not accounting for local topographic complexity 

may be overstating vulnerability predictions from 

spatial modeling 

California Department of Fish and Game 

Three Major Results 



99 of 156 are ‘Vulnerable’ to Climate 
Change 

Extremely 

vulnerable 

Highly 

vulnerable 

Moderately 

vulnerable 

Presumed 

stable 

Increase 

likely 
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99 of 156 are ‘Vulnerable’ to Climate Change 
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99 of 156 are ‘Vulnerable’ to Climate Change 
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99 of 156 are ‘Vulnerable’ to Climate Change 

Current Predicted Future Predicted 



Important factors 

 

• anthropogenic barriers (99  taxa) 
 

• renewable energy development 

(80 taxa) 
 

• historical temperature exposure 

(80 taxa) 
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99 of 156 are ‘Vulnerable’ to Climate Change 

Land Use Map 



Marginally significant  factors  (low R2) 

• anthropogenic barriers (99  taxa) 

• renewable energy development (80 taxa) 

• historical temperature exposure (80 taxa) 
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Correlation of CCVI scores with component factors 

Land Use Map 

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. 



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” 

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 

High Variability in  Modeled Range Change 

Predictions 
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High Variability in  Modeled Range Change 

Predictions 

Each bar is a separate modeled species. 



“The velocity of temperature change is lowest in 

mountainous biomes” – Loarie 2009 Nature 

California Department of Fish and Game 

Can Topographic Complexity Reduce 

Vulnerability? 



1 mile 
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Can Topographic Complexity Reduce 

Vulnerability? 
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Can Topographic Complexity Reduce 

Vulnerability? 

Spatial variability in climate can be nested into: 
•  macroclimate 100+ km – climate models 
•  mesoclimate -  1–100 km regional models 
•  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? 
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What Do The Results mean for Planning 

Management, and Regulation 

Heller and Zavaleta 2009 

Lawler, Tear, Pyke, et al. 2009 
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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. 
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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. 

 

What Do The Results mean for Planning 

Management, and Regulation 
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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’? 

 

What Do The Results mean for Planning 

Management, and Regulation 



geography landscape 

Species 

vulnerability 

assessment 

Climate change 

Habitat 

vulnerability 

assessment 

Landscape 

vulnerability 

assessment 

Climatic 

tolerance 

measurements 

Microclimate 

& microtopography 

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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