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Three Lakes Peak

• 225 whitebark sampled

• ~ 73% Mortality

For this study: 60 trees

(30 live / 30 dead)

Boulder

• 476 whitebark sampled

• ~ 86% Mortality

For this study: 84 trees

(42 live / 42 dead)

72 pairs (144 total trees)





Resin Ducts: Important for Defense
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Research Questions

Differences in Physiology (radial growth / resin duct properties)?

What physiological properties inform survivorship?

H1: live whitebark pines will exhibit more rapid and sustained growth than dead 
whitebark pines, during the overlap of their lifespan
(Ferrenberg et al. 2014, Hood & Sala 2015, Hood et al. 2016).

H2: live whitebark pines will have more robust defensive features (increased resin 
duct size, density, and cumulative area) than dead whitebark pines, during the 
overlap of their lifespan. 
(Kane & Kolb 2010, Ferrenberg et al. 2014, Hood et al. 2015)



Growth
(Ring Width Index)
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p < 0.0001



Duct Production
(total # of ducts per annual ring)

p < 0.0001
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(mean size of all ducts per annual ring)

Duct Size
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p < 0.0001



Duct Area
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p < 0.0001

(Sum of duct area per annual ring)



Duct Density
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p = 0.01499

(Total # of ducts per annual ring
divided by ring area)



Relative Area (%)
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p < 0.0001

(Total duct area divided by ring area x 100)



PC 1:  resin duct size,  resin duct area,  resin duct relative area,  duct density

PC 2:  growth (RWI),  resin duct production 



Conditional Density Plot

describes how the conditional distribution of a categorical variable (Y) changes 
over a numerical variable (X)



Conditional Density Plot

describes how the conditional distribution of a categorical variable (Y) changes 
over a numerical variable (X)



Summary

• Mean resin duct size and relative duct area were greater in 

trees that survived recent disturbances.

• Resin duct size and relative duct area were the most 

important variables for predicting mortality.

First evidence (to our knowledge) comparing growth and defense 

across pairs of live and dead whitebark pine.



Summary

Multiple disturbances select for complex growth / defense strategies in whitebark pine.

Important to maintain genetic diversity (buffers against future change).



Next Steps:  Chemical Ecology of Whitebark Pine
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Next Steps:  Chemical Ecology of Whitebark Pine

PC 1:  α–pinene, ꞵ–myrcene,  δ–limonene,  sabinene

PC 2:, α–phellandrene,  ꞵ–phellandrene,  ꞵ–ocimene

Whitebark Pine
Lodgepole Pine
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Questions?


