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Abstract

Phytophthora ramorum the causal agent of Sudden Oak Death, is known to cause significant mortality

in susceptible host species in forest ecosystems of northern California and southwestern Oregon.

Additionally, the potential exists to move the fungal pathogen to new locations in the United States via

nursery stock. For example, in March 2004, plants confirmed positive for P. ramorum in southern

California were distributed to 39 other states (APHIS update, August 27, 2004). The pathogen was not

detected in the North Central states (Illinois, Indiana, Michigan, Minnesota, and Wisconsin) that

received shipments. Future shipments could move the pathogen into the North Central states, but for

establishment, P. ramorum must encounter susceptible hosts and suitable climatic conditions. Because

susceptible hosts grow in this region, we focused on predicting the area of establishment of P. ramorum

in the North Central states.

In nature, P. ramorum produces sporangia, zoospores, chlamydospores and possibly oospores for

dispersal and survival. Climatic factors affect dispersal and survival of the pathogen. If climate factors

regulate establishment of the pathogen, it should be possible to predict the potential establishment of

the pathogen in the North Central states of the United States. The purpose of this study is to compare

two approaches to climate modeling that predict the likelihood of establishment of P. ramorum in the

North Central states.
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Each climate model requires a different set of data (for example, climate matching requires the known

distribution of the pathogen and eco-climatic index relies on the physiological responses of the

pathogen to climate variables).  Prior to climate modeling, a baseline climate data set containing 1,589
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meteorological stations with United States climate normals (monthly average maximum temperature,

minimum temperature, and precipitation from 1970-2000) was imported into the climate analysis

software, Climex, ver. 2.0 (Sutherst and Maywald 1985). Climate similarity analysis was conducted by

comparing climatic conditions at five locations in California (Fairfield, Richardson Grove State Park,

Richmond, Monterey, and Upper San Leandro) to 979 locations in the North Central Region using the

Match Climates function within Climex.  Sites in California delimited known occurrences of P.

ramorum in the field.  Composite similarity (for temperature and moisture combined) was expressed in

an index scaled between 0 and 100 percent.  Results from Climex were exported as the percentage

maximum to ArcView, ver. 3.2a and a contour data layer created by interpolation.

The second climate analysis, based on population growth and survival parameters, generates an eco-

climatic index. In this analysis, temperature parameters from Werres and others (2001) and soil

moisture parameters from Brasier and Scott (1994) describe conditions needed for population growth of

the pathogen are entered into the Climex software. Climex generates an Eco-climatic Index (EI; 0 - 100

scale) that describes the general potential for population growth at a given location given climatic

constraints.  Suitable plant hosts are assumed to be present.  Index values were exported to ArcView to

create a contour data layer by interpolation. Predicted results from the Eco-climatic Index were

validated by overlying the location of P. ramorum finds in the field (through 12 Dec 2003) on the map

of climate suitability. We then examined the frequency of finds among suitability classes. These

locations were not used to develop the model; thus, they provide independent validation. The observed

frequency of finds in each suitability class was tested against the expectation (assuming a random

distribution) that finds should occur in direct proportion to the area occupied by each suitability class.

Unsuitable and marginally suitable areas were combined into a single class for analysis.

In general, climatic similarity of the North Central states to P. ramorum sites in California varied

between 40 and 60 percent, with more southern states generally being more similar.  It is unclear

whether risk of establishment decreases in direct proportion to reduced similarity.  Prediction of

establishment using this approach requires a larger dataset drawn from diverse geographic locations. In

this case, locations confirmed positive for P. ramorum are clustered in a small area and are not adequate

to predict potential establishment areas on a larger geographic scale.

Of the two methods, climate suitability based on an Eco-climatic Index proved to be a more effective

method for predicting the establishment of P. ramorum in the North Central states.  Areas highly

favorable (EI=26 to 52) for establishment of P. ramorum in California were found along the coast of

Washington, Oregon and northern California. Favorable sites (EI=11 to 25) were further inland from

the coastline of Washington, Oregon and California. Potential areas of establishment were limited by

the amount of rainfall and soil moisture. Within the North Central states, highly favorable areas for

establishment (EI=26 to 52) did not occur. Favorable areas for establishment for P. ramorum were

found in the lower portions of Illinois, Indiana, Missouri, and Ohio. Marginal areas (EI=1 to 10) for

establishment occurred throughout the North Central states and represent areas that may support

persistent survival of the pathogen.  The model predicted the distribution of P. ramorum well. The

majority of P. ramorum finds in the field occurred in areas predicted to be climatically favorable or

very favorable for establishment of the pathogen.  No finds of P. ramorum occurred in areas that were
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predicted to be unsuitable.  The frequency of finds among suitability classes differed significantly from

expectation assuming a random distribution (df=2, 2=643, P<0.001).

In conclusion, Eco-climatic analysis based on physiological responses of P. ramorum to climate proved

to be a better predictor of potential establishment in the North Central states. P. ramorum is most likely

to encounter a climate suitable for establishment in Missouri, Illinois, Indiana, and Ohio. Surveys of

susceptible hosts should be concentrated in the southern portions of higher risk states.
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