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Abstract

Sudden oak death (SOD) has a patchy distribution in the forests of central California. Both
this fact and the requirement that individual trees must be inspected present considerable
challenges to efforts to estimate the extent of this disease and resulting mortality at landscape
scales. We sought to develop unbiased estimates of these disease parameters in two forests
that differed in species composition and apparent impacts of the disease. In 2001, we initiated
monitoring studies in the 600-ha China Camp State Park (CCSP) in Marin County and the
1070-ha Soquel Demonstration State Forest (SDSF), in Santa Cruz County. CCSP, which has
shown evidence of severe disease since the late 1990s, features coastal oak woodlands,
montane hardwood, and montane-hardwood-conifer forest types. SDSF, reported to be much
less affected, is primarily redwood-tanoak woodland. The host species of interest in CCSP
were coast live oak (Quercus agrifolia) and California black oak (Q. kelloggii), and in SDSF,
tanoak (Lithocarpus densiflorus), coast live oak, and Shreve oak (Q. parvula var. Shrevei).
We used a point-centered quarter, transect-based approach (Engemann and others 1994) to
estimate P. ramorum infection and mortality in these species. For this plotless method, we
arrayed parallel transects, 500 m apart, in a north-south alignment, to cover each site.
Sampling nodes were placed every 100 m on each transect and GPS coordinates were
recorded.
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At each node, the nearest oak or tanoak in each cardinal direction (up to four per node) was
permanently labeled, azimuth and distance from the node center were recorded and the tree
was evaluated for SOD symptoms. Evaluation was based on symptoms alone (bleeding,
scolytid beetle tunneling, and the presence of Hypoxylon thouarsianum reproductive
structures) to avoid manipulating trees and possibly changing disease status through
wounding. Each stem greater than 2.5 cm diameter at breast height (dbh) was treated as an
individual tree. Up to four trees were evaluated in each of 89 (CCSP) and 139 (SDSF) sites.
Trees in SDSF were re-evaluated in 2003, and in 2004 in CCSP. An additional four nearest
neighbor trees were added to the study in 2004 for CCSP. Where bleeding was observed in
2004, samples were collected, plated onto PARP media at the site, cultured in the lab, and
checked for the presence of Phytophthora spp.

In CCSP, the proportion of symptomatic coast live oaks declined by 2004, but mortality
among those bleeding in 2001 doubled (Table 1). Numbers of both bleeding and dead black
oaks increased. In SDSF, the proportions of coast live oaks and tanoaks that were bleeding
and dead increased by 2003, but Shreve oaks showed little response to the presence of P.
ramorum in the forest (Table 2). Scolytid beetles had colonized bleeding coast live oaks in
CCSP in both 2001 (66 percent) and 2004 (59 percent). Among bleeding California black
oaks in CCSP, these percentages were 24 percent in 2001 and 28 percent in 2004.
Phytophthora (not yet identified to species) was cultured from 39 percent of bleeding coast
live oak cankers (n = 44) and 50 percent of bleeding California black oak cankers (n = six).

Table 1— China Camp State Park symptomatic and dead trees, 2001 and 2004.

Percent Bleeding Percent Dead
Species n 2001 2004 2001 2004
Coast Live Oak 364 23 13 10 21
Black Oak 52 23 28 14 25

Table 2— Soquel Demonstration State Forest symptomatic and dead trees, 2001 and 2003.

Percent Bleeding Percent Dead

Species n 2001 2003 2001 2003
Tanoak 393 13 26 2 7
Shreve Oak 95 2 4 1 4
Coast Live Oak 29 10 20 3 14

Plotless evaluation of SOD was intended to provide both initial estimates of disease incidence
and resulting mortality and information on rates of change. The decline from 2001 to 2004 in
the proportions of coast live oaks that were bleeding, combined with the increase in mortality,
may indicate that many of the trees that were symptomatic in 2001 were the most susceptible,
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many of which have since died. Relatively few trees that were bleeding in the 2004
monitoring were asymptomatic in 2001. This may be evidence for the existence of resistance
to P. ramorum in the population. California black oaks showed slight increases in bleeding
proportions. The trends for both species are consistent with results from disease progression
plots over the same period in CCSP (McPherson and others 2005). The strength of the
association of scolytid beetles with bleeding coast live oaks has also been observed in the
same Marin County disease progression plots. The lower proportions of symptomatic and
dead trees for all species in SDSF are consistent with the hypothesis that the introduction of P.
ramorum into this isolated drainage in Santa Cruz County was more recent than in Marin
County, where the disease was first noticed and where its impact is considerably greater. The
lower response of Shreve oak to the presence of P. ramorum inoculum in SDSF might
indicate that this species is less susceptible to P. ramorum than the other fagaceous hosts
identified in California. However, very little is known about the ecology of Shreve oak, a
species that was only recently recognized to be a major component of the mixed evergreen
forests of the Santa Cruz Mountains.
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