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Introduction

The summer of 2008 brought the first wildfires to occur in known Phytophthora ramorum-infested
forests in California, with the largest individual fire burning in the Big Sur region of the central coast
(Monterey County) (Metz et al. 2011). More than 100,000 ha in Big Sur were ultimately burned that
summer, providing a natural experiment to examine the feedbacks between a destructive, invasive
forest pathogen and wildfire. Big Sur is one of the most botanically and ecologically diverse areas in
California, and its forests were among the earliest infested and most impacted by sudden oak death
(SOD) in the state (Mascheretti et al. 2008, Meentemeyer et al. 2008). In 2006 and 2007, we
established a network of 280 long-term forest plots in Big Sur to study the feedbacks between P.
ramorum, its various hosts, and the physical environment (Haas et al. 2011, Metz et al. 2011). This
plot network provided important pre-fire data on pathogen distribution, tree mortality, and host
density levels, and a post-fire survey of burn severity indicators quantified forest impacts immediately
post-fire in a subset of the plot network.

The pre- and post-fire data from the Big Sur plot network allowed for a rare opportunity to study
the interactions between P. ramorum and wildfire. Metz et al. (2011) found that, while burn severity
was not greater in P. ramorum-infested areas compared to uninfested areas despite greater fuel loads,
the stage of the disease invasion impacted burn severity in different forest strata. In this study, we
examined the direct and indirect impacts of wildfire on the persistence of P. ramorum across the
burned landscape of Big Sur (Beh et al. 2012). Specifically, we addressed three questions: (1) Did the
2008 wildfires eradicate P. ramorum from areas known to have been infested prior to the fires? (2) If
the wildfires did not eradicate the pathogen, under what conditions was P. ramorum able to persist in
forest stands despite fire? (3) What are the likely reservoirs for pathogen persistence and re-invasion?

Methods and Materials

To accomplish the research objectives of this study, we completed intensive P. ramorum surveys in
2009 and 2010—1 and 2 years post-fire, respectively—within 63 plots in the Big Sur network that
were known to contain P. ramorum-infected trees at the time of plot establishment. Of these plots, 45
were located within the areas burned in the wildfires of 2008 and 18 were outside of the fire
perimeters; the plots in each burn status group were evenly divided between redwood-tanoak and
mixed-evergreen forest types. Our surveys consisted of sampling P. ramorum-symptomatic
vegetation in the plots, nearly all of which was collected from California bay laurel (Umbellularia
californica (Hook. & Arn.) Nutt.) and tanoak (Notholithocarpus densiflorus (Hook. & Arn.) Manos,
Cannon & S.H. Oh). Because these P. ramorum host species sprout prolifically following injury or
fire, many of the samples collected from burned plots originated from post-fire regenerative growth,
including leaves and twigs from basal and epicormic sprouts. All plant materials collected during the
surveys were processed using standardized isolation techniques for culturing P. ramorum (Davidson
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et al. 2003). Following the determination of P. ramorum presence in each plot, we examined the
conditions under which P. ramorum persisted on the Big Sur landscape: we used over 20 plot-based
variables consisting of burn status, habitat type, pre-fire host abundance, pre-fire disease prevalence,
and post-fire host mortality measurements as predictors in the analyses of P. ramorum recovery
following the wildfires.

Results

The Big Sur wildfires of 2008 suppressed, but failed to eradicate, P. ramorum from areas of the
landscape that were previously infested with the invasive forest pathogen. We were able to recover
the pathogen 1 and 2 years following the fires in burned plots of both forest types, and in some cases,
with no difference in frequency than in unburned plots. However, P. ramorum recovery 1 year after
the wildfires tended to take place in plots with the lowest burn severities, while pathogen recovery 2
years post-fire occurred in plots with greater burn severities and was largely influenced by high levels
of pre-fire disease prevalence and low levels of post-fire bay laurel mortality. In plots from which P.
ramorum was not recovered even 2 years post-fire, burn severities and levels of post-fire bay laurel
mortality tended to be high. In sum, multiple interacting biotic and abiotic factors were responsible
for the persistence or lack thereof of P. ramorum in burned, previously infested plots (Beh et al.
2012).

Discussion

Our results indicate that while wildfire is not a panacea for the control of P. ramorum, it may at least
temporarily reduce the abundance of the pathogen. Destruction and mortality of hosts of P. ramorum,
especially bay laurel, was likely the most significant impact of the wildfires on the pathogen’s
survival, as there is little chance that P. ramorum would be able to subsist in dead hosts, regardless of
whether the pathogen could have survived the high temperatures produced in the fires. Our findings
that the recovery of P. ramorum in burned plots was positively correlated with the number of bay
laurels expressing symptoms of P. ramorum-infection prior to the fires further highlights the
importance of this sporulating host to the establishment, spread, and persistence of the pathogen.
Patchy burn patterns, typical of mixed-severity fires, which left green, P. ramorum-infected bay
laurels amidst the charred landscape, may have allowed these trees to serve as inoculum reservoirs
that could infest newly sprouting vegetation (Perry et al. 2011). One unexpected result from this study
was that two other Phytophthora spp., P. pseudosyringae and P. nemorosa, were frequently isolated
from new vegetative growth in burned plots that were not known to contain these pathogens prior to
the fires. Continued and ongoing surveys in Big Sur will provide additional information on P.
ramorum re-establishment following fires, host mortality trends, and the effects of competing
invasive Phytophthora species in the post-fire landscape.

Acknowledgments

We thank H. Mehl, K. Aram, A. Oguchi, C. DeLong, R. Cobb, and E. Fichtner for providing field and
laboratory support for this research. We also thank R. Meentemeyer and the members of his lab for partnership
in the Big Sur plot network. We are grateful to California State Parks, Los Padres National Forest, Landels-Hill
Big Creek Reserve, Monterey Peninsula Regional Park District, and numerous private landowners in the Big
Sur area for allowing research on their properties. This research was funded by the USDA Forest Service
Pacific Southwest Research Station, USDA Forest Service State and Private Forestry, NSF Ecology of
Infectious Diseases grant EF-0622770, and the Gordon and Betty Moore Foundation.

63



General Technical Report PSW-GTR-243

Literature Cited

Beh, M.M.; Metz, M.R.; Frangioso, K.M.; Rizzo, D.M. 2012. The key host for an invasive forest pathogen
also facilitates the pathogen’s survival of wildfire in California forests. New Phytologist. 196: 1145-1154.

Davidson, J.M.; Werres, S.; Garbelotto, M.; Hansen, E.M.; Rizzo, D.M. 2003. Sudden oak death and
associated diseases caused by Phytophthora ramorum. Plant Health Progress. doi: 10.1094/PHP-2003-0707-
01-DG.

Haas, S.E.; Hooten, M.B.; Rizzo, D.M.; Meentemeyer, R.K. 2011. Forest species diversity reduces disease
risk in a generalist plant pathogen invasion. Ecology Letters. 14: 1108-1116.

Mascheretti, S.; Croucher, P.J.P.; Vettraino, A.; Prospero, S.; Garbelotto, M. 2008. Reconstruction of the
sudden oak death epidemic in California through microsatellite analysis of the pathogen Phytophthora
ramorum. Molecular Ecology. 17: 2755-2768.

Meentemeyer, R.K.; Rank, N.E.; Shoemaker, D.A.; Oneal, C.B.; Wickland, A.C.; Frangioso, K.M.;
Rizzo, D.M. 2008. Impact of sudden oak death on tree mortality in the Big Sur ecoregion of California.
Biological Invasions. 10: 1243-1255.

Metz, M.R.; Frangioso, K.M.; Meentemeyer, R.K.; Rizzo, D.M. 2011. Interacting disturbances: wildfire
severity affected by stage of forest disease invasion. Ecological Applications. 21: 313-320.

Perry, D.A.; Hessburg, P.F.; Skinner, C.N.; Spies, T.A.; Stephens, S.L.; Taylor, A.H.; Franklin, J.F.;
McComb, B.; Riegel, G. 2011. The ecology of mixed severity fire regimes in Washington, Oregon, and
northern California. Forest Ecology and Management. 262: 703-717.

64





