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ABSTRACT 

Fire suppression has increased the density of understory vegetation in coniferous forests, 
making trees more vulnerable to attacks from forest pests, such as bark beetles. Due to 
the emergence of fire suppression methods in a time of climate change and drought, 
forest management in the western United States has allowed bark beetle infestation to 
become a major factor in increasing tree mortality. To examine the effects of forest 
thinning on bark beetle infestation, we conducted a resurvey of a 2019 study examining 
bark beetle-induced mortality on Pinus jeffreyi (Jeffrey pine), Pinus contorta (Lodgepole 
pine), Abies concolor (White fir), and Abies magnifica (Red fir) after a reserve-wide 
thinning of Valentine Camp in the Eastern Sierra Nevadas. We predicted that if thinning 
were an effective management tool for mitigating bark beetle infestation, the previous 
relationship explaining the increase of infestation with the increase of stand density 
would be nullified. We hypothesized that there would be no relationship between 
standing tree density and the percentage of infested trees, indicating that forest thinning 
removed infested trees and thus culled the spread of bark beetle infestation. We found a 
negative relationship between the number of stumps in a plot and the percentage of 
infested trees in both fir and pine species. We found that the presence of burn piles 
increased the percentage of infested fir trees. These results suggest that thinning is an 
effective method for preventing bark beetle spread, and that the removal of burn piles is 
necessary for maintaining the health of some coniferous species. 
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INTRODUCTION  

In montane forest habitats of the Western 
United States, fire is a crucial influence that 
modifies the spatial and temporal patterns 
of biodiversity and acts as an important 
mechanism for nutrient cycling and carbon 
storage (Parsons and DeBenedetti 1979). 
Fire exposes vital nutrients in soil, and 

promotes new growth and creates canopy 
gaps for subcanopy growth by clearing 
vegetation (White 1979, White et al. 1985). 
However, the rise of human cultivation, 
infrastructure, and forestry use have 
suppressed fire activity in many forested 
ecosystems in fear of spreading destruction. 
A century of fire suppression has resulted in 
dense patches of smaller trees and a 
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subsequent accumulation of fuel loads. This 
unnatural density of vegetation not only 
serves as a severe fire threat, but also 
compromises the stability of forest 
ecosystems by limiting forest composition 
diversity. With the rising threat of climate 
change, increasing temperatures have also 
exacerbated tree declines by extending 
drought periods, which can act as 
physiological stressors that mitigate tree 
defense mechanisms and make trees more 
susceptible to insect infestation by forest 
pests, such as bark beetles. 

Bark beetles (Curculionidae: Scolytinae) 
act as important disturbance agents in North 
American forests, and are responsible for 
regulating size, abundance, and distribution 
of trees (Logan et al. 2003). Bark beetles live 
and reproduce in trees, boring into the tree 
trunks to lay eggs and feed on the trees’ 
phloem tissue (Fettig et al. 2007). As a native 
species, bark beetles play a significant role in 
changing forest structures and densities by 
killing older and weaker trees (Egan et al. 
2010). However, as climate change stressors 
intensify, bark beetle infestations have 
become a serious threat to forest stability 
(Guarín and Taylor 2005). Coupled with the 
rising temperatures and worsening drought 
conditions, bark beetle infestations 
exacerbate the mortality rate of trees in 
forest ecosystems by weakening individual 
trees. Bark beetle species such as Scolytus 
ventralis (fir engraver beetle) and 
Dendroctonus ponderosae (mountain pine 
beetle) target weaker trees, thus killing trees 
at a higher rate. Bark beetles can also reside 
in already-dead trees for long periods of 
time, making them quite persistent in their 
respective ecosystems (Logan et al. 2003).   

To address increases in bark beetle 
infestation, several forest management 
programs have taken measures to reduce 

tree density and prevent the rapid spread of 
bark beetle populations across individual 
trees (Fettig et al. 2007). By “thinning” trees 
in a forested ecosystem, or reducing the 
densities of standing trees (hereafter “stand 
density”) to provide a larger growing space, 
forest managers allow individual trees to 
gain better access to nutrients and resources 
while also lessening the severity of 
uncontrolled forest fires (Egan et al. 2010). 
Trees with improved access to nutrients and 
resources are more resilient, and thus have 
stronger defense against potential forest 
pests like bark beetles. Indeed, previous 
studies have shown that forest thinning has 
been effective in mitigating bark beetle 
infestation (Fettig et al. 2007, Hood et al. 
2016). Tree debris can also be used to fuel 
controlled forest burns, thus serving the 
purpose of clearing dead vegetation for 
promoting growth. 

When analyzing the effects of tree 
thinning on tree resilience against forest 
pests, resurveys are a valuable way to 
measure ecological change over time. In the 
case of Valentine Camp in the Eastern Sierra 
Nevada Mountains, reserve managers 
systematically removed several trees across 
the reserve in 2020. Reserve managers also 
left piles of tree debris with the intent of 
burning them to clear vegetation for growing 
space, but varying temperature and climate 
conditions can force these piles to remain 
unburned for long periods of time. Prior to 
the 2020 thinning at Valentine Camp, 
previous research in the summer of 2019 
investigated how stand densities of firs and 
pines affect bark beetle infestation levels 
(Brandt et al. 2019). Brant et al. (2019) found 
a positive relationship between stand 
density and tree mortality by bark beetle 
infestation, where mortality in pine trees 
was correlated to intermediate stand 
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density. This indicates that stand density 
influences the spread and infestation rates 
of bark beetles on pine trees. 

To investigate the effects of forest 
management at the newly thinned Valentine 
Camp, we revisited the original plots 
surveyed by the authors of the original 
study. We sought to understand how 
changes in tree stand density affected levels 
of bark beetle infestation and tree mortality. 
Because it is well documented that thinning 
is an effective way to mitigate the spread of 
bark beetles, we wanted to observe whether 
that method of forest management was 
successful at Valentine Camp. We predicted 
that, with reduced tree densities at each 
surveyed plot, we would find no relationship 
between stand density and the percent of 
infested trees. The prior study found a 
relationship between stand density and the 
proportion of infested trees, but we expect 
that relationship to disappear with the newly 
thinned plots at Valentine Camp due to the 
changes in stand density removing bark 
beetle populations and preventing 
infestation. We also hypothesized that the 
presence of stumps (left from the 2020 
thinning) in the plot would cause an increase 
in bark beetle infestation in the remaining 
trees. The presence of stumps indicates that 
the plot previously had a higher stand 
density, and therefore would have 
promoted the spread of bark beetles more 
than a plot with a lower stand density. With 
this reasoning, plots with high stand 
densities in the past would have contributed 
to the increase in infestation in the 
remaining trees of the present. Because bark 
beetles can endure in dead tree debris for 
long periods of time and eventually spread 
to nearby living trees, we also predicted that 
the presence of burn piles (made from cut 
tree debris from the 2020 thinning) would 

increase the percentage of infested trees in 
the plot.  

METHODS 

We conducted our observational study 
from October 29 to November 1, 2022, at 
Valentine Camp in the eastern Sierra 
Nevada, near Mammoth Lakes, California, 
USA. The notable subalpine habitat types at 
Valentine Camp include montane chaparral, 
Great Basin sagebrush, wet montane 
meadow, and montane forests, where 
coniferous species like Pinus jeffreyi (Jeffrey 
pine), Pinus contorta (Lodgepole pine), Abies 
concolor (white fir), and Abies magnifica (red 
fir) reside. The reserve’s elevation ranges 
from 2437 to 2605 meters, with an average 
precipitation ranging from 51 to 64 
centimeters per year. The average annual 
temperature ranges from -10 °C to 25 °C.  

In the summer of the year 2020, managers 
of Valentine Camp conducted a reserve-wide 
tree thinning, where several trees per acre 
were cut to minimize tree density. Some of 
the tree debris was removed from the 
reserve, but many branches and trunks were 
left as burn piles, to be burned at the first 
snow of the year 2022. In order to compare 
how bark beetle infestation was affected by 
tree density after the construction of burn 
piles, we sampled on the same sites based 
on a map included in the paper (Table 1) 
(Brandt et al. 2019). Each plot was a square 
area measuring 15 m by 15 m. We also 
sampled an additional ten sites along a 
randomly directed 80 m transect in an area 
of the reserve that specifically contained 
burn piles.  

We identified the species of every tree in 
each plot. Every tree in each site was 
measured for size, health, and bark beetle 
activity. Size was quantified in the range of
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Table 1. Table of coordinates for each site. Each site’s decimal coordinates and the number of living/standing pines 
and firs in each plot, as well as the number of stumps in each plot.  

 
 
small, medium, and large. A tree’s health 
was judged based on the proportion of 
brown needles to green. We measured bark 
beetle activity on all trees, stumps, fallen 
trees, and burn piles with two metrics. We 
first counted the boreholes of each tree at all 
four cardinal directions at chest height, 
marking only those made by Scolytus 
ventralis and Dendroctonus ponderosae, and 
added those to calculate the tree’s total 
number of bark beetle boreholes. We 
considered boreholes to be a proxy for the 
level of infestation, with more boreholes 
equating to a more severe level of 
infestation. We also examined each tree for 
beetle gallery tracks, which are bark beetle 
paths carved into the tree’s branches and 
trunk. Any tree with either of these signs was 
labeled “infested.” 

All statistical analyses were performed 
using JMP Pro v16 (JMP, SAS Industries, 
2021). We combined both A. concolor and A. 
magnifica and performed two linear 
regression tests to determine if there was a 
relationship between the percentage of 
infested firs and our x-variables: the number 
of fir trees in the plot and the number of 
stumps in the plot. We then performed a t-
test to determine if there was a relationship 
between the presence of burn piles and the 
percentage of infested fir trees. We 
performed two linear regression tests to 
determine if there was a relationship 
between the same x-variables and the 
number of bore holes per tree as the 
response variable. A second t-test was 
performed to determine if there was a 
relationship between the presence of burn 
piles and number of boreholes per tree. 
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After performing our analyses on fir trees, 
we performed statistical analysis on pine 
trees. We first combined P. jeffreyi and P. 
contorta and performed our statistical 
analysis. We conducted a linear regression 
model with the number of pine trees in the 
plot as our x-variable and percentage of 
infested pine trees as our response. We then 
ran the model a second time using the 
number of stumps in the plot as our x 
variable and percentage of pines infested as 
our response. A t-test was performed to 
determine if there was a relationship 
between the presence of burn piles in the 
plot and the percentage of infested pines. All 
statistical tests on pines were performed a 
second time using the number of bore holes 
per tree instead of the percentage of 
infested pines. 

RESULTS 

Across all 30 sampling sites, we found that 
the overall health of both pine and fir trees 
changed compared to Brandt et al. (2019). 
We found lower percentages of dead pines 
(from 26% to 7.5%) and firs (from 27.5% to 
15.5%) (Fig. 2). We also found no change 
between the percentage of sick pines in 
2019 and 2022. We did observe an increase 
in the number of sick fir trees from 2019 to 
2022 (from 16.5% to 22.5%).  

We found no relationship between the 
number of living firs and the percentage of 
infested fir trees in each plot (N = 30, t = 0.94, 
p = 0.39). We found a negative relationship 
between the number of stumps in a plot and 
the percentage of infested firs (N = 30, t = -
2.61, p = 0.015; Fig. 3). We found a higher 
percentage of infested fir trees when burn 
piles were in the plot (N = 30, t = -2.96, p = 
0.0065; Fig. 4) We found that the number of 
fir trees, number of tree stumps, and the 

presence of burn piles had no effect on the 
number of bark beetle boreholes present on 
the fir trees in the plot. 

We observed no relationship between the 
number of living pines and the percentage of 
infested pine trees in each plot (N = 30, t = 
0.1, p = 0.92). We found a negative 
relationship between the number of stumps 
and percentage of infested pines (N = 30, t = 
-4.21, p = 0.0003; Fig. 5). We found no 
difference in the percent of infested pine 
trees when burn piles were in the plot (N = 
30, t = -0.42, p = 0.68; Fig. 4). We found that 
the number of pine trees, number of tree 
stumps, and the presence burn piles had no 
effect on the number of bark beetle 
boreholes present on the pine trees in the 
plot. 

 

Figure 1. Survey sites at Valentine Eastern Reserve. 
Yellow outline is the border of Valentine Camp 
reserve. The top left corner is a map of California with 
a star denoting the location of Valentine Camp. White 
dots on map were the revisited original survey sites. 
Blue dots are new sites visited in this study.
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Figure 2. Changes in health before and after 
thinning. There was a decline in percentage of dead 
trees after the thinning in both pines and firs. After 
the thinning, there was an increase in the percentage 
of sick fir trees, but a decline in the percentage of sick 
pines. 

 

Figure 3. Graph of number of stumps per plot and 
percentage of infested fir trees. There was a negative 
relationship between number of stumps in each plot 
and percentage of infested fir trees. 

 

Figure 4. Correlation of the presence of burn piles, 
and the percentage of infested trees for each tree 
species. There is no relationship for pine trees, but a 
relationship in fir trees where the presence of burn 
piles causes an increase in the percentage of infested 
trees. 

 

Figure 5. Graph of number of stumps per plot and 
percentage of infested pine trees. There was a 
negative relationship between number of stumps in 
each plot and percentage of infested pine trees. 

 
DISCUSSION 

As expected, our survey found a decrease 
in the percentage of dead trees, possibly 
attributed to the thinning of 2020. Thinning 
has been shown to reduce mortality in firs 
and pines (Fettig et al. 2007, Knapp et al. 
2021). It has also been shown to improve the 
vigor, gas exchange and water content of 

pines as well as their resistance to beetle 
infestation (Sala et al. 2005, Hood et al. 
2016). Vigor is defined as the ratio of the 
annual growth of wood on the stem per unit 
of leaf area. Low vigor has been shown to 
make a tree more susceptible to bark beetle 
infestations. Therefore, as a forest is 
thinned, the rate of infestation should 
decrease. 
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Since more stumps are indicative of a 
greater past density, we expected to find a 
positive relationship between number of 
stumps and the percentage of infested trees. 
Bark beetles are known to prefer stands of 
greater density relationship (Fettig et al. 
2007). Therefore, in areas with higher 
density, there will be a greater percentage of 
infested trees. In contrast, we found that as 
the number of stumps increased in a plot, 
the percentage of infestation went 
decreased (Fig. 2, Fig. 4). This phenomenon 
may be attributed to the fact that several 
trees were removed in 2020. Though trees 
with signs of infestation were not specifically 
targeted, it was likely that sick or dead trees 
were purposefully removed, and these 
weakened and dead trees may have had 
greater populations of bark beetles. Bark 
beetle infestations are also known to be one 
of the largest causes of tree mortality (Logan 
et al. 2003). It was possible that the removal 
of the sick and dead trees also removed 
trees housing bark beetles, thus leading to 
lower infestation rates because of the 
reduction in bark beetle populations. 

It is known that there is a positive 
relationship between greater stand density, 
bark beetle infestation and tree mortality 
(Fettig et al. 2007, Hood et al. 2016, Knapp 
et al. 2021). We predicted that if the thinning 
was effective in remediating levels of bark 
beetle infestation, there would no longer be 
a relationship between stand density and 
the percentage of infested trees. We 
predicted that the reduction in density 
would increase tree vigor and resilience, 
making the trees more capable of repelling 
bark beetles (Parsons and DeBenedetti 
1979). With this logic, the density of the 
surveyed plots would be thinned so that the 
number of trees in the plot had no effect on 
infestation levels. It is possible that a tree 

was infested prior to the thinning and was 
not yet showing significant physical signs of 
infestation or weakness. Bark beetles lay 
their eggs under the bark in the phloem of 
the tree. These eggs eventually hatch, but 
the larvae continue to reside within the 
phloem, where they stay during the winter 
season and then emerge in late spring to 
summer as adults (Bentz and Mullins 1999). 
Therefore, a tree may have still appeared 
alive and healthy when the thinning was 
taking place.  

We found that the presence of burn piles 
had no effect on the percentage of infested 
pine trees. This might mean that 
management practices of leaving burn piles 
to season for a few years does not increase 
a pine tree’s susceptibility to infestation. 
However, we did find a relationship between 
the presence of burn piles and the 
percentage of infested fir trees. The reasons 
for the why burn piles influence the 
percentage of infested fir trees but not pines 
are unclear. These differing results were 
unexpected, because while these two 
species of bark beetles prefer different 
hosts, they have very similar phenology. Yet, 
it is apparent there is a difference between 
these species that is not fully understood 
and worthy of further research. While the 
reasons for this relationship are unclear, it 
should still be considered for future 
management projects regarding fir trees. 
Our results show that the removal of dead fir 
tree material should be prioritized when 
attempting to reduce beetle infestations. 
This observation has important implications 
for forest management practices; we believe 
that this knowledge lends itself to making 
more ecologically sound decisions regarding 
the management of fir trees and that such 
relationships should be further investigated 
in other species of conifers. 
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Though thinning has long been regarded as 
an effective forestry management 
technique, each forest is unique. We found 
that fir trees and pine trees had different 
responses to the presence of burn piles. 
Therefore, consideration of the species 
composition of the forests should be 
considered prior to the implementation of 
specific management methods. 

Our study was a revisitation of a project 
completed in 2019. We were granted the 
unique privilege of being able to revisit sites 
that had been surveyed prior to a thinning 
project (Brandt et al. 2019). Such a rare 
situation allows us to compare the effects of 
an ecological treatment and observe the 
effects of forest thinning. It may be another 
interesting study to resurvey the same plots 
after the burn piles are burned and removed 
to observe the true effects of a forest 
management method. We believe a future 
study performed after the burning of the 
burn piles will allow for more insight into 
how thinning can affect a forest and how 
long its efficacy lasts.  

As our climate continues to change and 
influence countless ecosystems across the 
globe, it is vital to consider every aspect of 
the habitat for ecological management. 
Studying tiny invertebrates such as bark 
beetles and how great of an impact they may 
have on other organisms is vital to 
understanding how climate change stressors 
can exacerbate existing issues. Certain 
methods of forest management, such as 
thinning and the construction of burn piles, 
may have unintended consequences that 
must be considered when assessing the 
overall health of a forest ecosystem. Our 
findings on the spread of bark beetle 
infestation and tree mortality show that 
forest management should continue to 
evolve along with the ever-changing 

composition of forest habitats and consider 
every aspect of life within.  
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