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Coast Live Oak, Marin County CA, 2000 

Tan oak, Marin County CA, 2000 

Sudden oak death 

Photos courtesy Marin County Fire Dept.  



Ramorum leaf blight 



Eradication 

 Mike McWilliams, ODF 



Trace-forwards and positive detections across the U.S. 
July 2004 



Ivors et al. 2006 



Phytopathology (2009) 99:792-795 



European and North American P. ramorum 

isolates form three distinct genetic groups 

(AFLP, microsatellites, nuclear and mitochondrial DNA) 

EU1 
  – initially limited to Europe 

  – now regularly found in US nurseries 

  – A1 mating type (A2 rare in Belgium) 

NA1 

  – limited to North America 

  – responsible for forest epidemics 

  – most common lineage in US 

nurseries 

  – A2 mating type 

NA2 
  – US nurseries 

  – A2 mating type 





US forest populations 



US forest populations 



Potential for rapid differentiation 
of populations following dispersal 

Prospero et al. 2009 



Genetic diversity in California 

Mascheretti et al. 2009 



Genetic autocorrelation with distance 

Mascheretti et al. 2008 



Repeated migration from old sites 

Mascheretti et al. 2009 
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Origin of NA1 

Mascheretti, S., et al. (2009) Genetic 
epidemiology of the sudden oak death 
pathogen Phytophthora ramorum in 
California. Mol Ecol 18, 4577-4590 

 

Mascheretti, S., et al. (2008) 
Reconstruction of the Sudden Oak 
Death epidemic in California through 
microsatellite analysis of the pathogen 
Phytophthora ramorum. Mol Ecol 17, 
2755-2768 
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Migration in North American 
nursery trade 

NA1 

NA2 

EU1 
NA1 

Can we infer migration pathways? 



Two major  
migration  
pathways: 

PLoS Pathogens (2009) 5, e1000583 



NA1 isolates cluster into 2 groups 

Nursery isolates 2004-2007 

Goss et al. 2009 PLoS Path 



Compare to APHIS investigation results 

From shipping records: 

Infected nursery Infection of 

receiving nursery 

or landscape 

Trace forward 

Source of 

pathogen 

Trace back 



Genetic groups were consistent with 
shipping records 

Goss et al. 2009 PLoS Path 



Changes in West Coast nurseries 
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Phytopathology (2011) 101, 166-171 
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 EU1 
Migration C:
source: ?
sink : Europe NA1

Migration A:
source: ?
sink : California  NA2

Migration B:
source: ?
sink : Washington, USA; 
         British Columbia, Canada
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Migration D:
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Outstanding questions 
• Where is the center of origin of the sudden oak death pathogen? 

• Will P. ramorum eventually reproduce sexually? 

• Can P. ramorum hybridize, like P. alni and P. andina? 

• How was P. ramorum introduced into Europe and what was the pattern of 
spread? 

• Will there be further new epidemics, as observed for the recent Japanese 
larch epidemic in the UK? Can we predict them? 

• Introduction of the EU1 or NA lineages into US forests? Introduction of 
NA1 or NA2 lineages into Europe? 

• Can breeding for resistance help the management of sudden oak death on 
oaks and tanoak and related epidemics on larch? 

• How do we improve the current biosecurity protocols to reduce further 
spread of P. ramorum and how can we avoid further pathogen 
introductions? 

• How will climate change affect the sudden oak death epidemic? 



In my own opinion 





http://billjaquette.net/top-major-shipping-lanes-and-ports-in-the-world 







Conclusions (Liebhold et al. 2012)  

• Importation of live plants is most common 
pathway for introduction of non-native forest 
pests and pathogens 

• Plant imports in US increased 33% per decade 
over past 43 years 

• Practical limitations to finding pests through 
inspections 

• Estimate that in fiscal year 2009, about 72% of 
infested plant shipments passed through US ports 
undetected 
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