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Tree-killing Phytophagous Insects and 
Phytopathogens (PIPs)

• intimately and cryptically associated with hosts
• damage high fitness value host tissue
• kill a large proportion of naïve host trees
• e.g. canker and wilt fungi, bark and wood borers  

Tree-Killing PIPs

Laurel wilt Emerald ash borer White pine blister rust
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• Identification and utilization of host 
resistance is essential
– for effective, long-term management of
– select tree-killing pests
– for which top-down control cannot work

• Early and sustained support is required

Theses

D. Showalter
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Our focus is on established PIPs

D. Showalter
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Almost always, in forest environments 
(landscape or regional scales):
• Eradication and containment do not work
• Biological or chemical control either do 

not exist, are not feasible, or are 
demonstrably ineffective

• Control of a conducive environment is not 
feasible
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Response Framework
1. Identify established PIP

C. Outline potential impact 
mitigation approaches

B. Characterize naïve and 
coevolved host and PIP 

ecology

4. Set goals within limits of invasive response capacity for the 
given forest settings

I. Short-term 
ecosystem 

maintenance

II. Long-term 
ecosystem 
transition

3. Assess likely effectiveness, feasibility, 
integration, and acceptability of approaches

A. Assess diverse values of host 
trees across settings

2. Facilitate rapid research response

5A Review 5B Develop
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Available approaches
I. Short-term ecosystem maintenance

Millar and Stephenson 2015. Science. 349:6250

II. Long-term ecosystem transition
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PIP populations and resulting host damage 
are driven by combinations of :

Absence of top-down 
constraints, e.g. 
biological control 

=> invasions of 
“enemy-free space”

Absence of bottom-up 
constraints, 

host resistance
=> invasions of 

“defense-free space”

Long-term management

D. Showalter
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…with tree-killing PIPs, those that:
• are cryptically associated with their hosts

(extremely difficult to detect – eradicate – contain)
• are intimately associated with their hosts

(facilitates exchange of molecular signals in attack/defense)

• damage high fitness value host tissue
(low damage tolerance, short acceptable lag for PIP control)

• kill a large proportion of naïve host trees
(or coevolved trees with compromised defenses)

Laurel wilt Emerald ash borer White pine blister rust

Host resistance is effective...



16

Feasibility of Modern 
Trait Discovery and Development

• Mechanistic understanding of resistance 
traits though manipulative studies
– facilitates development and deployment

• Cisgenesis
– rapid and controlled trait incorporation
– potentially more widely acceptable than transgenesis

• Transgenesis
– rapid and controlled trait incorporation
– dramatically expands germplasm from which resistance 

traits can be drawn
– See chestnut blight resistance example provided by 

Bill Powell’s group at SUNY ESF

http://www.esf.edu/chestnut/resistance.htm
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Feasibility of Modern 
Trait Discovery and Development

• Marker-assisted selection/ molecular 
breeding
– reduce time and labor cost of continually phenotyping selections
– genetic, genomic, transcriptomic, chemical markers
– enables non-destructive screening of naïve populations, 

informing management

Harper et al 2016. Sci. Rep. 6:19335
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Fourier-Transform InfraRed (FTIR) spectroscopy

Chemical fingerprints 



Symmetric Stretch
921.6 cm-1

Symmetric Bend
439.9 cm-1

Asymmetric Stretch
1303.0 cm-1

Asymmetric Bend
637.9 cm-1

Molecular Vibrations - http://www2.ess.ucla.edu/~schauble/MoleculeHTML/CF4_html/CF4_page.html
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Chemical fingerprint data can be analyzed using various 
chemometric methods, such as PCA, SIMCA or PLSR

Courtesy: Caterina Villari

Coast live oak resistance in sudden oak death
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Resistant Susceptible

Coast live oak resistance in sudden oak death

Anna Conrad
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Conrad et al. 2014. Frontiers in Plant Science 5

SIMCA Coomans plot

Resistant trees
Susceptible trees

100% of resistant trees and 100% of 
susceptible trees were correctly classified

Coast live oak resistance in 
sudden oak death
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Ash resistance to H. fraxineus
(ash dieback)
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Ash resistance to H. fraxineus
(ash dieback)
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Ash resistance to H. fraxineus
(ash dieback)

Training models
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Ash resistance to H. fraxineus
(ash dieback)

Training model

Testing model
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Modern Host
Resistance Programs

• Trait Deployment
– Incorporating genotypic and phenotypic  

heterogeneity for durability/ resilience
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(Emerging) Effectiveness of 
Modern Resistance Deployment

• Understanding of resistance durability
– Combining diverse quantitative and qualitative 

mechanisms across time and/or space
– Guided by assessments of PIP evolutionary potential

• Associational/ landscape 
resistance concepts
– May allow for deployment of genetically

diverse resilient populations vs. 
only resistant individuals

– Includes other forms of heterogeneity
• Stand structure/age, species composition

–  increased biodiversity

D. Showalter
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Deployment of tree resistance to counter black 
swan events is feasible and essential for:

• effective
• long-term management

And, it is arguably the only real solution to 
forest ecosystem restoration following 
invasions by tree killing PIPs

Corollary: Work on resistance should be 
initiated and sustained as soon as a tree-killing 
PIP is discovered

Conclusion
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Traditional approach

Four elements:

• Prevention
• Early Detection & Rapid 

Response
• Management & Mitigation
• Restoration & Rehabilitation

Start working on resistance!
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Avoid any delays in providing sustained program 
support

• Example: USDA APHIS has invested $315 million since
2002 to combat emerald ash borer (Dr. Paul Chaloux, 
personal communication, 2017)

• < 1% has been spent on research on ash resistance
• Imagine where we’d be today if even just one third of 

the total, i.e. $100 million, had been spent on resistance 
instead of measures that have been clearly shown to be 
ineffectual

Recommendations



32

Better still, we should always be ready for 
invasion events:
• Create, organize, and characterize locally 

adapted germplasm collections for 
important tree species

• Improve quantification and communication 
of unique long-term value of tree species

• Develop rational deployment strategies 
(nascent understanding: interactions between multiple 
invasives, climate, and land use changes will always 
remain a challenge)

Recommendations
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Recommendations

We propose to establish:

• Physical infrastructure permanently funded by national 
governments and/or international agreements to 
conduct screening and progeny trials
o Including field sites and appropriate biosafety 

level facilities
o Adequate base funding
o Staffed by forest tree geneticists, breeders, and 

ecologists working in close collaboration with tree 
pathologists and entomologists on staff as well as 
in academia. 
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THANK YOU!
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