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ABSTRACT 

Disturbances, both biotic and abiotic, play an integral role in shaping the species 
composition of ecological communities. Recently, the compounding disturbances of fire 
and sudden oak death have affected forests in California’s Big Sur region. Sudden oak 
death (SOD), caused by the non-native pathogen Phytophthora ramorum, has led to large-
scale mortality in tanoak (Notholithocarpus densiflorus) populations and finds reservoirs 
for transmission in California bay laurels (Umbellularia californica). In this study, we 
investigated how the post-fire regrowth rates of tanoak and bay laurels in SOD-infected 
forests are affected by individual tree burn severity and surrounding heterospecific 
community density, as well as how the surrounding tanoak and bay laurels densities affect 
tanoak regrowth. We measured trunk scorch height and soil ash depth to determine tree 
burn severity, number, and height of the tallest resprout of focal trees as a proxy for 
growth rate; total trees in the 10-meter radius as a proxy for density; and the number of 
tanoaks and bay laurels (key P. ramorum hosts) in the 10-meter radius to investigate the 
effect of host density. We found that a higher scorch height was associated with taller 
resprouts, and heterospecific density decreased resprout height. Although tanoak 
regrowth positively correlates with increased burn severity, bay laurels were found to 
have a faster regrowth rate than tanoaks, indicating that fire is insufficient at decreasing 
P. ramorum transmission throughout the ecosystem and may lead to further bay laurel 
expansion in SOD-impacted forests. 
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INTRODUCTION  

Disturbance, or any discrete event that 
disrupts ecosystem structure and function 
(White and Pickett 1985), plays an important 
role in shaping ecosystems and the 
composition of species within them (Simler 

et al 2018). Disturbances can be either 
abiotic or biotic and are generally infrequent 
events within an ecosystem (White and 
Pickett 1985). Although disturbances are 
generally seen as having negative 
consequences on ecosystems, they are 
important to species that have adapted to 
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these disturbances (Dale et al. 2000) and can 
serve to increase the ecological resilience of 
an ecosystem overall (Paine et al. 1998). One 
common abiotic disturbance that is integral 
to the functioning of many ecosystems is 
fire. Fire acts as a selective force in 
ecosystems, favoring individuals and species 
that are fire tolerant or fire resistant 
(Cochrane 2009). Fire has been found to be 
the most important factor controlling forest 
community structure in North America’s 
western forests, clearing accumulated 
debris, causing new growth, creating 
habitat, and even clearing diseases (USDA 
Forest Service 1995, CalFire). 

While ecological understanding of 
disturbance is largely based on the effects of 
individual disturbances, compound 
disturbances, defined as successive 
disturbances over a short period of time, can 
reveal unique ecological patterns (Paine et 
al. 1998, Turner 2010). If compound 
disturbances exceed the ecological 
resilience of an ecosystem, they place 
selective pressures on organisms that can 
result in shifts to new dominant species, 
drastically changing the community 
composition of an ecosystem (Turner et al. 
1993, Buma and Wessman 2011). In 
contrast, some combinations of compound 
disturbances can result in strong ecosystem 
regeneration, revealing surprising patterns 
that may not be observed in the presence of 
an individual disturbance (Buma and 
Wessman 2011, Simler et al. 2017). 
Therefore, an understanding of compound 
disturbances is crucial to our ability to 
predict how community composition may 
shift over time (Turner 2010). 

In the California Floristic Province, forest 
communities are currently facing the 
compound disturbance of both the chronic 
disturbance fire and a novel disturbance, 

sudden oak death (SOD) (Cobb et al. 2013). 
SOD is a highly contagious disease caused by 
the non-native pathogen Phytophthora 
ramorum, which was first introduced to 
California in the 1990s through infested 
nursery stock (Garbelotto and Hayden 
2012). Since its arrival, SOD has spread 
aerially throughout the California floristic 
province, causing large-scale mortality in 
many species of oaks (Quercus spp.) and 
large overstory tanoaks (Notholithocarpus 
densiflorus) (Rizzo et al. 2002, Cobb et al. 
2013). 

Over 140 species are known hosts for P. 
ramorum, but tanoaks and the California bay 
laurel (Umbellularia californica), henceforth 
referred to as bay laurels, are central to the 
spread of the pathogen in California (Cobb et 
al. 2010, 2013, Grünwald et al. 2012). Bay 
laurel density has a strong correlation with 
pathogen establishment, and both tanoak 
and bay laurel density greatly influence 
tanoak mortality from SOD (Davidson et al. 
2005, Cobb et al. 2013). However, unlike 
tanoaks, P. ramorum does not have a large 
effect on fitness (Davidson et al. 2005). 
Therefore the pathogen may cause 
increased bay laurel density while 
simultaneously decreasing tanoak density, 
especially of large overstory tanoaks, playing 
a significant role in altering canopy 
composition in mixed-evergreen forests 
(Cobb et al. 2010). 

Although fire and SOD are both known to 
individually affect community composition 
in California forest ecosystems, the 
compounding disturbances of fire and SOD 
have been an important area of study in 
recent years (Beh et al. 2014, Simler et al. 
2014, Forrestel et al. 2015). SOD increases 
tanoak mortality, causing increased fuel 
loads in diseased forests that can result in 
higher-intensity fires (Forrestel et al. 2015). 
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This positive feedback loop between SOD 
and fire intensity has raised questions as to 
how fire will affect disease spread and 
tanoak regrowth in SOD-infected forests. 
Current research addressing these questions 
has yielded mixed results. Beh et al. (2012) 
found that in one to two years after a fire, P. 
ramorum is less likely to have reinvaded 
burned plots than unburned plots, indicating 
that fire may temporarily halt SOD spread. In 
contrast, when studying the 2008 Basin and 
Chalk fires in Big Sur, Simler et al. (2014) 
found that 90% of sites that were infected 
with P. ramorum pre-fire were re-invaded by 
the pathogen five years post-fire, indicating 
that fire cannot prevent reintroduction over 
a longer scale of time. 

Studies have also demonstrated how 
certain populations of tanoaks in SOD-
infected forests are positioned to recover 
post-fire. When comparing tanoak survival 
and growth rates post-fire, Simler et al. 
(2018) found that tanoaks in areas with 
higher SOD mortality pre-fire had a 
decreased likelihood of belowground 
survival post-fire. However, they found that 
tanoaks that survived fire had a greater 
resprouting vigor than normal due to 
decreased competitive pressure. These 
findings indicate that the combined 
disturbances of fire and SOD may exert a 
selective filter on which trees can resprout, 
resulting in a more resilient tree stand post-
fire (Simler et al. 2018). The possibility of a 
more resilient tree stand post-fire is 
corroborated by He et al. (2021), who looked 
at burn severity, or the amount of damage to 
organisms post-fire, and found areas with 
higher burn severity had less mortality  
from SOD. 

While fire influences tanoak survival and 
regrowth in diseased forests, community 
composition may also play a role in tanoak 

regrowth. The competitive effects of 
surrounding trees were found to have a 
negative correlation with tanoak regrowth 
post-fire, indicating that higher surrounding 
tree density can inhibit tanoak resprouting 
(Simler et al. 2018). This could specifically 
have significant implications when 
considering surrounding bay laurel density, 
given that bay laurels already benefit from 
the presence of P. ramorum and could 
further benefit from fire. (Cobb et al. 2010, 
Beh et al. 2012). Furthermore, Beh et al. 
(2012) found that bay laurel presence was 
positively correlated with P. ramorum 
reintroduction post-fire, indicating that bay 
laurels may serve as post-fire disease 
reservoirs that can accelerate surviving 
tanoak mortality. Therefore, if bay laurels 
regrow more vigorously despite competitive 
pressures of surrounding trees in a post-fire 
forest, the fires might serve to further 
accelerate the range expansion of bay 
laurels and further hasten tanoak decline. To 
fully understand the effects of fire on tanoak 
regrowth in SOD-infected forests, it is 
necessary to understand how both tanoaks 
and bay laurels resprout in response to fires 
of varying severities, and how the 
surrounding community composition affects 
this regrowth. 

In this study, we investigated the 
resprouting patterns of tanoaks and bay 
laurels in a P. ramorum-invaded forest two 
years post-fire. We recorded observational 
data on individual tanoaks and bay laurels 
and analyzed how tree-level burn severity, 
surrounding tree density, and community 
structure impacted relative regrowth rates. 
We sought to determine three things 1) how 
tree burn severity affects tanoak and bay 
regrowth; 2) how heterospecific tree density 
near a focal tree affects tanoak and bay 
laurel regrowth; and 3) how the density of 
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tanoaks and bay laurels, the key P. ramorum 
vectors, affects tanoak regrowth. We 
hypothesized that higher severity burns 
would result in more vigorous resprouting in 
both tanoaks and bay laurels, higher tree 
density would decrease the regrowth in both 
tanoaks and bay laurels, and higher density 
of tanoaks and bay laurels would decrease 
regrowth in tanoaks. However, for all tests, 
we hypothesized that bay laurels would 
resprout more vigorously than tanoaks, 
accelerating bay laurel expansion. 

METHODS 

2.1 Study Site 

Our study was conducted at Landels-Hill 
Big Creek Reserve, a 17.5-square kilometer 
reserve located on the Big Sur Coast in 
Monterey County, California, USA (36°4ʹ0ʺN 
121°35ʹ0ʺW). The Big Sur Coast has a 
Mediterranean climate, with dry and warm 
summers and wet and cool winters. The 
annual temperature ranges from 29.4°C to 
5.5°C, with an average of 86 centimeters of 
precipitation. The reserve is found between 
approximately 0 to 1,067 m in altitude and 
has a wide variety of habitats, including 
mixed evergreen forests. 

Landels-Hill Big Creek Reserve is an ideal 
site to study the effects of fire on SOD-
infected forests due to the widespread 
presence of P. ramorum and the recent 
disturbance of the Dolan Fire. SOD was 
introduced to the Big Sur Coast in the 1990s 
and was detected in the reserve shortly 
afterward (Meentemeyer et al. 2008). P. 
ramorum has since caused a lethal epidemic 
in the tanoak communities throughout the 
reserve and is still present in various tree 
species including tanoaks (Notholithocarpus 
densiflorus) and California bay laurels 

(Umbellularia californica). In August 2020, 
two years before our study, an act of arson 
initiated the Dolan Fire in the Los Padres 
National Forest, which quickly spread to 
Landels-Hill Big Creek Reserve. The fire 
burned across 97% of the Big Creek 
watershed, burning from low to moderate 
fire intensities (USDA Forest Service 2020).  

Our observational study took place from 
July 31 to August 3, 2022, in the mixed 
evergreen forests of the reserve. These 
habitats are home to both tanoaks and bay 
laurels and have been greatly affected by 
SOD. Study sites were classified as having 
moderate fire severity in the Dolan Fire, but 
tree-level differences in fire intensity and 
burn severity are evident. In the two years 
since the fire, understory vegetation has 
regrown, and tree species such as tanoaks, 
bay laurels, and coast redwoods have 
undergone basal resprouting. 

2.2 Tree Selection and Site Variables 

To determine how burn severity and 
surrounding community composition affect 
tanoak and bay laurel regrowth, we chose to 
sample individual tanoaks and bay laurels, 
which are referred to as “focal trees.” 
Selecting a focal tree allowed us to assess 
burn severity, on a tree-by-tree basis (Key 
and Benson 2006). The tree-by-tree basis 
captured the effects of fire at a higher 
resolution than the Dolan Fire intensity map 
(USDA Forest Service, 2020), which classified 
the sampling region as moderate fire 
intensity. 

Focal trees, both tanoaks and bay laurels, 
were chosen systematically. Selected trees 
were at least 20 meters apart, were required 
to have a visible main trunk, some regrowing 
basal sprouts, and be accessible within 5 m 
from the trail. 
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For each tree, we recorded the species 
(tanoak or bay laurel) and whether the focal 
tree was dead or alive by observing whether 
or not it had living leaves growing from the 
main trunk. We also measured the diameter 
at breast height (DBH) of the tree, the total 
number of resprouts growing out of the focal 
tree (Clarke et al 2012), the height of the 
tallest resprout (Konstantinidis 2006), and 
whether we were able to visually detect P. 
ramorum on the tree. Visual markers 
indicating P. ramorum on tanoaks include 
browning of leaves, retention of brown 
leaves on dead stalks, bleeding cankers on 
trunks, and drooping stems (California Oak 
Mortality Task Force 2021; Fig. 1). In 
contrast, visual markers of P. ramorum on 
bay laurels typically are shown through the 
browning of leaf tips and the presence of a 
yellow halo (California Oak Mortality Task 
Force 2021; Fig. 2). 

 

Figure 1. Presence of P. ramorum in tanoaks. When 
the pathogen is present, oak trees can display 
multiple symptoms (California Oak Mortality Task 
Force 2021). Cankers can be found on the stems and 
branches of the tree. Over time, these cankers can 
start bleeding and oozing thick black sap. As well, 
leaves start to die, turning from a pale green color to 
brown. P. ramorum can easily spread, causing Sudden 
Oak Death in tree communities. 

 

Figure 2. California bay Laurels, a focal host of 
Phytophthora ramorum. The California bay laurel is 
crucial in the spread of P. ramorum in mixed 
evergreen forests and redwood-tanoak forests (DiLeo 
et al. 2009). They ensure the survival of P. ramorum 
in dry seasons and aid sporulation in rainy seasons 
(DiLeo et al. 2009). As a host, the California bay laurel 
does not receive systemic injuries. The presence of P. 
ramorum can be detected in bay laurels through their 
leaves, causing the leaves to turn brown at the tips. 

2.3 Burn Severity 

We assessed the burn severity on each 
focal tree using two proxies: the height of 
the scorch (Wagner et al. 1973, Jane et al. 
2008, Pomp et al. 2008, Konstantinidis 2006) 
and the soil ash depth beneath the focal tree 
(Parson et al. 2010). These proxies 
accounted for the damage to the focal tree 
as well as the effect of fire on soil health. For 
the height of the scorch, we marked the 
highest point on the focal tree that had 
evidence of the burning, which was defined 
as a permanent ashy residue located on the 
main stalk. For the soil ash depth, we 
selected a location within one meter of the 
focal tree and dug a hole in the top layer of 
the soil, revealing a layer of ashy, burnt 
organic matter and a layer of brown, 
unburnt soil. Once the layers were clearly 
defined, a ruler was used to measure the 
depth of ashy soil (Parson et al. 2010). 
2.4 Surrounding Tree Community 

To assess the effects of the surrounding 
community composition and tree density on 
tanoak and bay laurel regrowth, we 
recorded the number of trees within a 10-
meter radius from the focal tree, which was 
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selected to account for the distance of P. 
ramorum transmission (UC Berkeley Forest 
Pathology and Mycology Lab 2022). We used 
a rangefinder to count the number of trees 
and each species in our 10-meter radius. 
Each tree had to be taller than 0.5 meters 
tall. (Fig. 3). The focal tree sampling method 
also allowed us to identify the tree 
community and density within a 10-meter 
radius around an individual tree, capturing 
which trees had a direct effect on tree 
regrowth. The 10-meter radius distance was 
chosen based on literature regarding the 
spread of SOD, which indicated that P. 
ramorum could spread to trees within a ten-
meter radius (UC Berkeley Forest Pathology 
and Mycology Lab 2022). 

 

Figure 3. Sampling method for tree community data. 
Our study was conducted at Landels-Hill Big Creek 
Reserve in Big Sur, California from July 31 to August 3, 
2022. In order to assess the effects of the surrounding 
community composition and tree density of tanoak 
and bay laurel regrowth, any trees above 0.5m within 
a 10-meter radius from the focal tree were recorded 
(UC Berkeley Forest Pathology and Mycology Lab 
2022). A rangefinder was used to measure the 
distance of tree species within the focal tree's 10-
meter radius, including tanoaks, bay laurels, coast 
redwoods, bigleaf maples, toyons, and alders. 

2.5 Statistical analyses 

We conducted all statistical analyses using 
JMP pro software version 16.0 (SAS Institute 
Inc 2021). Before conducting statistical 
analysis, we log-transformed the scorch 
height and the total California bay laurels 
and tanoaks in the 10-meter radius. To 
analyze the relationship between burn 
severity and regrowth rates, we used a 
mixed model that analyzed the effect of 
focal tree species, DBH, soil ash depth, and 
height of scorch on the total number of 
resprouts and the height of tallest resprout. 
To analyze the relationship between total 
tree density and regrowth rates, we 
performed a mixed model that analyzed the 
effect of focal tree species, DBH, and the 
total number of trees within a 10-meter 
radius on the total number of resprouts and 
the height of tallest resprout. To analyze the 
relationship between the density of 
surrounding tanoaks and bay laurels on 
tanoak regrowth rates, we used a multiple 
linear regression that analyzed the effect of 
DBH, the total number of tanoaks and the 
total number of bay trees on total number of 
resprouts and the height of tallest resprouts 
for tanoak trees. 

RESULTS 

3.1 Regrowth Across Tree Types 

A total of 50 tanoaks and 50 bay laurels 
were sampled. SOD was observed in 46 of 
the sampled tanoaks, while the presence of 
P. ramorum was observed in 18 of the bay 
laurels. The number of tanoaks observed 
with a dead main trunk was 42, while the 
number of bay laurels with a dead main 
trunk was 18. 
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In all models comparing the growth rate of 
tanoaks and bay laurels, the bay laurel had 
taller resprouts than the tanoaks (Table 1, 
Fig. 4). The average height of the tallest 
resprout for bay laurels was 1.84 meters, 
while the average tanoak resprout height 
was 1.15 meters (Table 1, Table 2). In 
contrast, there was no difference in the 
number of resprouts between tanoaks and 
bay laurels in all models (Table 1, Table 2). 
The average number of resprouts for 
tanoaks was 7.40 while the bay laurels had 
an average of 8.76 resprouts (Table 1, Table 
2). In each model, the diameter at breast 
height was positively correlated with both 
the number of resprouts and the height of 
the tallest resprouts in both tanoaks and bay 
laurels. The diameter at breast height 
indicates that larger and more mature trees 
had a greater number of resprouts and taller 
resprouts (Table 1, Table 2, Table 3). 

 

Figure 4. California Bay Laurel had higher tallest 
resprout compared to tanoaks after fire (Nbay = 50, 
Noak = 50, T = 6.46, p < 0.0001). The study was 
conducted at Landels-Hill Big Creek Reserve in Big Sur, 
California from July 31 to August 3, 2022. Focal Trees, 
both tanoaks and CA bay laurels, were chosen 
systematically. The line in the center of the box 
represents the median, the bottom and top of the box 
represent the 25th and 75th percentiles of the data, 
the vertical lines below and above the box represent 
the minimum and maximum values, and the black 
dots represent outliers. 

Table 1. Summary of mixed effect model testing burn severity and regrowth rates. The number of resprouts and 
height of tallest resprouts were quantified in the field and scorch height and soil ash depth were collected as proxies 
for burn severity. Scorch height was Log10 transformed to correct for normality. Data was collected at Landels-Hill 
Big Creek Reserve in Big Sur, California, from July 31 to August 3, 2022. 
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Table 2. Summary of mixed effect model testing overall density and regrowth rates. Total surrounding trees in 
radius were collected by quantifying the number of host species in a 10-meter radius. Data was collected at Landels-
Hill Big Creek Reserve in Big Sur, California, from July 31 to August 3, 2022. 

 
 

Table 3. Summary of multiple linear regression model testing the host density effect on regrowth rates. Total 
surrounding bay laurels and tanoaks were quantified in relation to the focal tree species. Data was collected at 
Landels-Hill Big Creek Reserve in Big Sur, California, from July 31 to August 3, 2022. 

3.2 Burn Severity Effect 

As the scorch height increased, the height 
of the tallest resprout also increased (Table 
1; Fig. 5). The other measure of burn 
severity, soil ash depth, did not influence 
resprout height in either tanoaks or bay 
laurels (Table 1). 

3.3 Community Density Effect 

Species in the surrounding radius of each 
focal tree included tanoaks, bay laurels, 

coast redwoods (Sequoia sempervirens), 
bigleaf maples (Acer macrophyllum), toyon 
(Heteromeles arubutifolia), and alders (Alnus 
glutinosa), all of which are hosts for P. 
ramorum except for alders (APHIS 2020). 
The overall density of trees in the 10-meter 
radius did not influence the number of 
resprouts for tanoak and bay laurels (Table 
2). However, overall tree density did 
influence the height of the tallest resprout in 
both tanoaks and bay laurels (Table 2). As 
forest density increased, the height of the 
tallest resprout decreased (Fig. 6). 
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Figure 5. Higher scorch height influenced taller 
resprouts in bay laurels and tanoaks (Nbay laurel = 50, 
Ntanoak = 50, R^2 = p = 0.0026). The study was 
conducted at Landels-Hill Big Creek Reserve in Big Sur 
California, from July 31 to August 3, 2022. For each of 
our focal trees we measured the height of the scorch 
mark. Our results show that as the height of scorch 
increased, there was a decrease in tallest resprouts. 

 

Figure 6. As the number of surrounding trees in a 10-
meter radius increased, the height of the tallest 
resprout in tanoaks and California Bay Laurels 
decreased (Nbay = 50, Noak = 50, T  = -2.25, p = 0.0268). 
The study was conducted at Landels-Hill Big Creek 
Reserve in Big Sur California, from July 31 to August 3, 
2022. For each of our 100 focal trees, we counted the 
total number of surrounding trees within the 10-
meter radius. Our results show that increasing forest 
density caused a lower growth rate in tanoaks and 
California bay laurels. 

 

Figure 7. The number of surrounding California Bay 
laurel trees in a 10-meter radius had no effect on the 
height of the tallest resprout in tanoak trees (Noak = 
50, t = 0.19, p = 0.8483). The study was conducted at 
Landels-Hill Big Creek Reserve in Big Sur, California, a 
reserve with widespread SOD since its introduction in the 
early 2000s, from July 31 to August 3, 2022. The total 
number of surrounding bay laurels did not influence 
the regrowth of tanoak and bay laurel focal trees. 

 

Figure 8. The total number of surrounding tanoaks in 
a 10-meter radius had a marginal effect on the 
height of the tallest tanoak resprout (Noak = 50, T = -
1.79, p = 0.0761). The study was conducted at 
Landels-Hill Big Creek Reserve in Big Sur, California, a 
reserve with widespread SOD, from July 31 to August 
3, 2022. For each of our focal tanoaks, we counted 
how many tanoaks we could see in a 10-meter radius 
using a rangefinder. The dotted line indicates a 
marginal trend. As the number of tanoaks increased, 
most of which exhibited symptoms of SOD, the height 
of the tallest resprout seemed to decrease. 
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3.4 Host Density Effect 

The total surrounding bay laurels in the 
radius did not influence the number of 
tanoak resprouts or the height of the tallest 
tanoak resprout (Table 3, Fig. 7). As the number 
of tanoaks in a radius increased, the height 
of the tallest resprout decreased, although 
the effect was marginal (Table 3, Fig. 8). 

DISCUSSION 

Overall, when using the height of the 
tallest resprout and the scorch height as 
proxies for growth rate and burn severity, 
our results corroborated several aspects of 
our hypothesis. First, our results 
demonstrated that higher severity burns 
corresponded with higher regrowth rates in 
both tanoaks and bay laurels. Second, our 
results illuminated that higher surrounding 
heterospecific tree density decreased 
growth rate. Third, our results indicated that 
bay laurels have a faster growth rate than 
tanoaks, suggesting that bay laurels resprout 
more vigorously post-fire. However, we 
found that bay laurel density did not 
influence tanoak regrowth and that tanoak 
density only had a marginally negative effect 
on tanoak regrowth, which only partially 
supported the third aspect of our 
hypothesis. Thus, our results indicate that 
burn severity and overall heterospecific tree 
density influence tree growth, but the 
density of key P. ramorum hosts alone does 
not exert a significant effect on tanoak regrowth. 

While our results indicate that burn 
severity and surrounding community 
composition impact tanoak and bay laurel 
growth post-fire, we found no indication 
that fire can assist in removing SOD from an 
ecosystem. Among our focal trees, P. 
ramorum presence was observed in the 

majority sampled tanoaks and many of the 
sampled bay laurels. Because the measured 
resprouts grow basally from the same trees 
who presumably have SOD, it is only a 
matter of time before new growth shows 
signs of infection.  Observationally, we found 
signs of SOD in the regrowth that we 
sampled, implying that fire might not be 
capable of eliminating disease from the 
ecosystem. This contradicts the work of Beh 
et al. (2012), who found that P. ramorum is 
less likely to reinvade burned plots, and 
provides further support for Simler et al. 
(2014), who found that 90% of plots that 
were infected pre-fire were reinoculated 
with P. ramorum five years after fire. 

We compared several proxies for burn 
severity in our study, but ultimately 
determined that scorch height provides a 
more accurate measure of burn severity 
than soil ash depth. We observationally 
found that soil ash depth varied greatly 
based on the topography and soil type in an 
area, resulting in inconsistent 
measurements. Additionally, ash deposited 
on soil can be removed in a period of days or 
weeks by wind or water erosion, and 
therefore is not an accurate measure of 
long-term burn severity (Bodí et. al 2014). In 
contrast, scorch height is a permanent mark 
on the focal tree trunk, and has been used as 
a measure of tree-level burn severity in a 
number of previous studies (Wagner et al. 
1973, Jain et al. 2008, Pomp et al. 2008). 
Therefore, scorch height provides a more 
accurate measure of burn severity several 
years post-fire. 

Similarly, we determined that the height of 
the tallest resprout provides a better proxy 
for tree regrowth than the number of 
resprouts (Knox and Clarke 2011). In our 
study, the number of resprouts was 
correlated with DBH, but was unaffected by 
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environmental factors such as burn severity 
and surrounding tree density. In contrast, 
the height of the tallest resprout was also 
correlated with DBH, but this measure was 
also influenced by environmental factors 
such as scorch height. The variation in 
responses between our proxies of regrowth 
indicates that the number of resprouts may 
be a property of tree size or maturity, while 
the height of the tallest resprout is both a 
property of tree maturity and environmental 
change. This is corroborated by Falser and 
Westoby (2005), who documented that 
several environmental constraints affect 
regrowth height. Additionally, the number of 
resprouts is documented to be related to the 
number of trunks pre-fire, as well as the 
number of buds able to survive in the bud 
bank in the soil (Dacy and Fulbright 2009, 
Clarke et al 2012). As a result, the height of 
the tallest resprout better encapsulates the 
tree’s regrowth in response to disturbances, 
such as fire (Knox and Clarke 2011). 

Our study found that both tanoaks and bay 
laurels had higher regrowth rates on focal 
trees with higher burn severity. These results 
corroborate the work of Simler et al. (2018), 
who found that tanoaks that had survived 
the compound disturbances of fire and SOD 
and resprouted with a higher-than-normal 
growth rate. The correlation between burn 
severity and tanoak resprouting may have 
positive implications for tanoak regeneration, 
especially considering that SOD mortality 
tends to decrease after high-intensity burns 
(He et al. 2021). However, while previous 
studies only considered tanoak regrowth 
post-fire (Simler et al. 2018), our results 
found that bay laurels also have higher rates 
of regrowth in areas of higher intensity 
burns and that their overall growth rate is 
faster than that of tanoaks. Therefore, our 
findings may complicate the results of 

previous studies that suggest fire will 
decrease tanoak mortality from SOD (He et 
al. 2021, Simler et al. 2018). Because bay 
laurels serve as post-fire disease reservoirs, 
their high regrowth rates may help to further 
spread P. ramorum throughout an 
ecosystem, affecting tanoaks and their 
regrowth post-fire (Cobb et al. 2010, Beh et 
al. 2012). Therefore, the effect of fire on bay 
laurel growth may outweigh the positive 
effects of fire on tanoak growth, which will 
likely assist in expanding the bay laurel range 
and decreasing the tanoak range in forest 
communities invaded by P. ramorum. 

Although our study found variation in burn 
severity at the tree-level, accessible sites 
were limited to those that burned at a 
moderate fire intensity according to the 
Dolan Fire intensity map (USDA Forest 
Service 2020). As a result, our study may not 
have captured a wide range of burn 
severities, obscuring patterns between burn 
severity and tree regrowth in tanoaks and 
bay laurels. Future studies should examine 
the effects of fire and SOD on regrowth 
across a larger scale of fire intensity. It would 
also be crucial to conduct these studies 
across plots with varying levels of P. 
ramorum infection, which would provide 
further insight on how the compound 
disturbance of fire and SOD exerts unique 
and potentially unexpected effects across 
varying levels of each disturbance (Buma 
and Wessman 2011). 

When analyzing the effect of community 
composition on tanoak and bay laurel 
regrowth, we found that overall tree density 
in a 10-meter radius from each focal tree had 
a negative effect on regrowth, bay laurel 
density did not affect tanoak regrowth, and 
tanoak density had a marginally negative 
effect on tanoak regrowth. Based on this 
result, intraspecific competition among 
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tanoaks has a marginally larger impact on 
tanoak communities than interspecific 
competition between tanoaks and bay 
laurels. This finding generally supports 
previous work by Simler et al. (2018), who 
found that the competitive effects of 
surrounding trees negatively impact tanoak 
regrowth post-fire, but expands upon this 
work by indicating that bay laurel density on 
its own may not have a strong impact on 
tanoak regrowth. Consequently, tanoaks 
may still be able to grow even as bay laurels 
increase their density (Cobb et al. 2010). 
However, it is unclear if this effect is due to 
an overall lack of variation in the number of 
bay laurels in the area, resulting in competitive 
release. To disentangle these effects, future 
studies should repeat this sampling process 
in areas with more variation in bay laurel 
density to determine whether they exert 
competitive effects on tanoak growth. 

Although the compounding effects of fire 
and SOD may not increase the resilience of 
tanoak resprouts, a potentially fruitful 
avenue that could be more hopeful for 
tanoak populations is resprouting from 
seeds. While our study focused on asexual 
resprouting, tanoak trees can also reproduce 
sexually and propagate via seed dispersal 
(Simler et al. 2017). In previous studies, He 
et al. (2021) and Simler et al. (2018) found 
that SOD and fire can together increase the 
resilience of tanoak stands by selecting for 
more resistant trees in the regrowth. The 
healthy and resistant trees able to survive 
both SOD and fire might be spreading their 
seeds, and the resulting seedlings would also 
be more resistant to SOD. Therefore, we 
suggest that future research focus on the 
regrowth from seeds post-fire as opposed to 
basal regrowth when considering the 
compounding effects of fire and SOD on 
tanoak fitness. 

Despite the positive correlation between 
burn severity and tanoak resprout rates, our 
research found that fire is likely not enough 
to save the struggling SOD-infected tanoak 
populations given that it leads to a higher 
growth rate of bay laurel, the main vector of 
P. ramorum. Thus, in the case of this 
compound disturbance, fire failed to 
counteract the effects of SOD. Instead, fire 
may exceed the ecological resilience of 
infected mixed evergreen forests by 
exacerbating the negative impacts of P. 
ramorum on tanoak populations (Turner et 
al. 1993). The compound disturbance of SOD 
and fire will therefore exert selective 
pressures on both tanoaks and bay laurels 
that will contribute to shifts in community 
composition, providing the final blow to 
vulnerable tanoak populations. 
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