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(Jacobi et al. 2018)

White Pine Blister Rust

Non-native pathogen Cronartium ribicola
Introduced into Western N. America ~1910
Threatens all Hi-5 species
Kills trees of all ages
High mortality

Still spreading
Spores spread in the air
Two obligate hosts 
No tree-to-tree spread

Need for restoration: Whitebark pine is being listed as “threatened” under the ESA
Whitebark and limber pine are listed as endangered in Canada

Need for proactive treatments: increase resilience before or early in the invasion to prevent 
other Hi-5 Pines from following this same trajectory



Taking the Long View and Acting Now

No tools to stop the spread of WPBR at a forest scale

Interacting, intensifying and persistent threats
Hi-5 species are slow growing – not well suited for rapid adaptation to novel stresses

Population ecology and evolutionary approach  

Build a Science Foundation to: 
• Maintaining ecosystem function and mitigate impacts during WPBR naturalization   
• Accelerate adaptive change to increase forest resilience
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Adapted from Schoettle et al. 2019b



• WPBR is a novel stress to the Hi-5 pines
• The pines and WPBR did not co-evolve
• Resistance to WPBR can help trees survive 
→ reduce mortality

The Good News - Genetic Resistance to WPBR

Artificial Inoculation at Dorena GRC

Genetic resistance to WPBR exists at low frequency in the Hi-5 Pines
Types and durability vary geographically and by species
My focus: Limber pine, RM bristlecone, GB bristlecone
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Increase resistance trait frequencies directly –
by planting seedlings with genetic resistance 

In healthy populations with some resistance –
Increase population size by stimulating natural regeneration and 

letting natural selection increase frequency of resistance

Increasing the Frequency of Genetic Resistance in Populations    

Research foci:
Understand natural regeneration dynamics 

Develop techniques for successful artificial regeneration 
Characterize resistance traits, define their distributions, develop genomic tools for their detection 

Sustain and advance adaptive capacity for the future

Option for 
impacted or 
threatened 
populations

Option only for 
threatened 
populations

Adapted from Schoettle et al. 2019a



Increase Frequency of Genetic Resistance through Regeneration    
• Study natural patterns
• Sustain viable populations – offset mortality 
• Supplement natural population with natural regeneration 

or planted seedling with resistance traits

• Silvicultural treatments can 
increase natural regeneration

• Planting guidelines

Spatial and temporal patterns 
of natural regeneration

Planting Trials

Post-fire patterns

Microsite characterization

Experiments studies



Supporting adaptive capacity for the future   
RM Adaptive Variation (G x E) Experiment

Seed Transfer Distance 

Cost of WPBR resistance to other traits

Selection for WPBR resistance may 
not be neutral with respect to other 
traits (Vogan and Schoettle 2015)

May be a shift in the fundamental 
niche of the pine species after 
WPBR selection

Modeling – infection and climate change 

RM Bristlecone
Genetic structure;

Climate change 
projections of 
lineages

Schoettle et al. 2012
Malone et al. 2018



Crown of the Continent Whitebark Pine 

Restoration Strategies               Proactive Conservation Strategies

Ongoing:
National Whitebark Plan

Ongoing:
Great Basin Strategy 



An evolutionary approach in an ecological context can be effective at 
addressing invasive species impacts and developing management tools

Working with research and manager partners – made progress in developing 
restoration strategies and the first proactive conservation strategies

Timing of intervention is important – act sooner than later!

Look beyond the crisis areas

Find opportunities to mitigate the development of impacts in 
threatened areas - prepare the landscape for invasion

Summary

Keep in mind:
Treatment options and 
probability of success 
depends on the stage of 
invasion and forest condition 

R Sniezko
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