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ABSTRACT.—Whitebark pine (Pinus albicaulis) plays a vital role in colonizing newly disturbed areas, providing shade
for other tree species to germinate, and supplying food for a variety of birds and mammals, such as Clark’s Nutcrackers
(Nucifraga columbiana) and grizzly bears (Ursus arctos horribilis). Decline of whitebark pine populations has been
attributed to several factors, including white pine blister rust (Cronartium ribicola), mountain pine beetle (Dendroctonus
ponderosae) outbreaks, and fire exclusion. In 2009, the U.S. Forest Service began to install permanent plots in whitebark
pine stands in Washington and Oregon as part of a Pacific Northwest restoration strategy to track blister rust and mountain pine beetle mortality. Forest Service crews conducted surveys on these plots that included standard tree inventory
measurements and assessments of blister rust, mountain pine beetle, and fire activity. During summer 2020/2021, we
remeasured 12 of these plots located in 3 areas of the Okanogan–Wenatchee National Forest (Mission Ridge, Clover
Springs, and Lake Ann) and 1 area within the Ahtanum State Forest (Darland Mountain). On average, 15% of trees
were newly infected by blister rust, 5% of trees died from blister rust, and 12.6% died from all causes combined in the
11–12 years between surveys. Despite this, the density of live whitebark pine trees experienced a nonsignificant
increase due to regeneration, while the density of whitebark pine snags increased significantly and the density of whitebark pine seedlings decreased significantly. The percentages of trees with blister rust infection, seedlings with blister
rust infection, and live trees with mountain pine beetle damage were heterogeneous over space and time. Our results
help quantify parameters that are central to understanding the population dynamics of whitebark pine in the Pacific
Northwest and informing management decisions, but the findings should be interpreted in light of the limited sample
size and spatial extent of our data. Regular monitoring of a wider array of permanent whitebark pine plots will be critical
to management of this tree species.
RESUMEN.—El pino blanco (Pinus albicaulis) desempeña un papel fundamental en la colonización de zonas recién
perturbadas, proporcionando sombra para la germinación de otras especies arbóreas y suministrando alimento a diversas
aves y mamíferos, tales como el cascanueces de Clark (Nucifraga columbiana) y el oso pardo (Ursus arctos horribilis).
El declive de las poblaciones de pino blanco se ha atribuido a varios factores, como la roya del pino blanco (Cronartium
ribicola), los brotes del escarabajo del pino de montaña (Dendroctonus ponderosae) e incendios. En 2009, el Servicio
Forestal de EE.UU. comenzó a instalar parcelas permanentes en rodales de pino blanco en Washington y Oregón como
parte de una estrategia de restauración del noroeste del Pacífico para hacer un seguimiento de C. ribicola y la mortalidad del escarabajo del pino de montaña. Los equipos del Servicio Forestal llevaron a cabo estudios en estas parcelas que
incluían mediciones del inventario de árboles estándar y evaluaciones C. ribicola, el escarabajo del pino de montaña y
actividad de incendios forestales. Durante el verano 2020/2021, volvimos a medir 12 de estas parcelas situadas en tres
áreas del Bosque Nacional Okanogan–Wenatchee (Mission Ridge, Clover Springs y Lake Ann) y un área dentro del
Bosque Estatal Ahtanum (Darland Mountain). En promedio, el 15% de los árboles fueron infectados por C. ribicola, el 5%
de los árboles murieron a causa de C. ribicola y el 12.6% murieron por todas las causas combinadas en los 11–12 años
que transcurrieron entre las encuestas. A pesar de esto, la densidad de árboles vivos de pino blanco experimentó un
aumento no significativo debido a la regeneración. Mientras que, la densidad de troncos de pino blanco aumentó significativamente y la densidad de plántulas de pino blanco disminuyó significativamente. El porcentaje de árboles y plántulas
con infección por C. ribicola, y árboles vivos con daños por el escarabajo del pino de montaña fue heterogéneo a lo largo
del espacio y del tiempo. Nuestros resultados ayudan a cuantificar parámetros que son fundamentales para entender la
dinámica de la población de pino blanco en el noroeste del Pacífico y apoyar en las decisiones de gestión y conservación.
Sin embargo, deben interpretarse teniendo en cuenta el tamaño limitado de la muestra y la extensión espacial de nuestros datos. El seguimiento regular de una serie más amplia de parcelas permanentes de pino blanco será fundamental
para la gestión de esta especie.
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Whitebark pine (Pinus albicaulis) is a highelevation, 5-needle pine with a patchy range
that stretches from west-central British Columbia to southwestern Wyoming and southcentral California (Arno and Hoff 1990,
USFWS 2020). In the Pacific Northwest, most
whitebark pine populations are distributed
along the Cascade Mountains at elevations
ranging from 1600 to 2800 m (Aubry et al.
2008). Whitebark pine ecosystems in the Washington Cascades experience harsh conditions
that include a short growing season (~110 d)
and cool, dry summers (Aubry et al. 2008). At
the highest elevations, whitebark pines are
often the dominant species (Arno and Weaver
1990). Whitebark pine is regularly the first
species to establish on newly disturbed sites,
where it eventually provides protected sites
necessary for other species to colonize (Resler
and Tomback 2008). With time, a lack of new
disturbance results in whitebark pine being
outcompeted by shade-tolerant conifers such
as subalpine fir (Abies lasiocarpa) (Keane et al.
2012). The large, wingless seeds of this pine
are an important source of food for more than
20 wildlife species, including black bears
(Ursus americanus), grizzly bears (Ursus arctos
horribilis), rodents, songbirds, and Clark’s
Nutcrackers (Nucifraga columbiana) (reviewed
in Tomback et al. 2001, Aubry et al. 2008). A
single Clark’s Nutcracker can cache up to
98,000 seeds per year (Hutchins and Lanner
1982). The numerous seed caches created by
Clark’s Nutcrackers are responsible for both
the dispersal of seeds and the regeneration of
whitebark pine (Hutchins and Lanner 1982).
Whitebark pine has been declining due to
blister rust caused by the nonnative fungus
Cronartium ribicola, mountain pine beetles
(Dendroctonus ponderosae), and fire exclusion
(Retzlaff et al. 2016). Blister rust kills trees,
particularly small ones, and can reduce cone
production (Keane et al. 1994, Tomback et al.
1995). The fungus infects most other 5-needle
pines but has been especially lethal to whitebark pine (Retzlaff et al. 2016). It enters
through the needle, moves into the branch,
and spreads into the stem, forming cankers on
the branch and stem (Resler and Tomback
2008). The cankers girdle the branch and stem,
resulting in branch death and top mortality
(Hoff et al. 1980). Stem infections may also kill
the entire tree, especially smaller trees with
diameters of 20 cm or smaller (Aubry et al.
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2008). Mountain pine beetles attack large
whitebark pines and are the primary insect
responsible for their mortality. Mountain pine
beetles have benefited from warming climate
conditions, which have allowed for extreme
outbreaks of this native insect. It is estimated
that the beetles killed 600,000 whitebark
pines between the years 2005 and 2007 in
Washington and Oregon (Aubry et al. 2008).
The attacks on smaller trees by blister rust and
larger trees by mountain pine beetles have
made for a deadly and devastating combination. Furthermore, active fire suppression has
led to the reduction of opportunities for regeneration of whitebark pines (Hansen et al.
2016, Keane et al. 2017). The larger, intense
fires that have followed from fire suppression
are capable of killing mature cone-bearing
whitebark pines—trees that are capable of
surviving lower-severity fires that were common historically—and this has exacerbated the
decline of whitebark pine (Murray et al. 2000).
Together, these agents have pushed this important species into large-scale decline (Keane
et al. 1994, Aubry et al. 2008, Goeking and Izlar
2018, U.S. Fish and Wildlife Service 2020).
In the late 2000s, the U.S Forest Service
established a network of permanent plots
designed to track whitebark pine mortality
from blister rust and mountain pine beetles in
the Pacific Northwest (Aubry et al. 2008). The
original U.S. Forest Service protocols assessed
infections by blister rust as well as damage
and mortality from mountain pine beetles, fire,
and other factors. However, prior to this study,
62% of the plots in the Okanogan–Wenatchee
Forest had not been resurveyed since they
were established, and no results have been
published to date. In the summer of 2020, we
replicated U.S. Forest Service protocols to
remeasure stand health on plots in the Central
Washington Cascades. Our plot remeasurements and comparisons with original survey
data quantify changes that have occurred in
whitebark pine stands over the last 9–12 years,
including changes associated with blister rust
infection, mountain pine beetle attack, other
sources of mortality, and regeneration.
METHODS
Study Site and Protocols
From 2009 to 2011, U.S. Forest Service
crews installed 338 permanent plots in
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whitebark pine stands in Washington and
Oregon within the Cascade Range, the
Olympic Mountains, and the Blue Mountains
(A. Bower personal communication). Crews
established 45.7 m × 9.1 m plots that each
included a minimum of 30 live whitebark
pine trees (C. Mehmel personal communication). Crews monumented the endpoints of
transects with rebar or wooden stakes and
measured all trees within 4.6 m on either side
of the center line. Live whitebark pine trees
>1.4 m tall (henceforth referred to as trees,
rather than seedlings) were tagged with aluminum tree tags. Crews recorded the following parameters for all tagged trees: diameter
at breast height (DBH); tree condition (live
desirable and vigorous trees expected to live
for 10 years, live acceptable but not vigorous,
live unacceptable tree expected to die within
10 years); damage (including mountain pine
beetle); and presence and severity of branch
or stem blister rust cankers. DBH, tree condition (died ≤5 years ago or >5 years ago), and
cause of death (blister rust, mountain pine
beetle, fire, or other [weather, mechanical, or
unknown agents]) were assessed for whitebark pine snags (i.e., standing dead trees). For
mature trees of other species, crews measured DBH and tree condition. Crews also
tallied all live seedlings (defined as ≤1.4 m in
height) by species and noted the presence or
absence of live blister rust cankers on whitebark pines.
For mature whitebark pines, crews noted
the presence or absence of blister rust cankers
on the stem or branches, regardless of whether
cankers were sporulating. A combination of
signs such as swelling, pitching, fissured bark,
branch flagging and dieback, blister flaps, and
orange margins were used to identify cankers
(Fig. 1). J-shaped galleries underneath bark,
frass, red needles, and distinguishing characters of adult beetles were used to identify
death and damage due to mountain pine beetles (Fig. 1).
2020/2021 Surveys
In summer 2020/2021, we resurveyed 12
plots within 4 areas of the Central Cascades
(Fig. 2): Mission Ridge (3 plots), Clover
Springs (2 plots), Lake Ann (3 plots), and Darland Mountain (4 plots). All plots were within
the Okanogan–Wenatchee National Forest or,
in the case of Darland Mountain, within

nearby Washington State Department of Natural Resources land (Ahtanum State Forest).
One plot at Mission Ridge was installed in
2011 and the other 11 were installed in 2009.
Data collection was guided by training from
U.S. Forest Service personnel and followed
the standardized protocol used in initial plot
surveys, with minor updates instituted in
2017. Connie Mehmel, a retired U.S. Forest
Service entomologist who participated in initial plot installment, was present for 8 of the
12 resurveys. The plots were located on the
drier eastern slopes of the Cascades, where
annual precipitation averages 76 cm and primarily occurs as snow during the winter months
and where summers are cool and dry (Arno
and Hoff 1990, Murray and Siderius 2018).
Subalpine fir is the most common codominant
tree species in the whitebark pine habitat.
Other associates include Engelmann spruce
(Picea engelmanni), lodgepole pine (Pinus contorta), and Douglas-fir (Psuedotsuga menziesii)
(Murray and Siderius 2018).
Statistical Analyses
In our first analysis, we assessed the density of whitebark pine trees, snags, and seedlings across areas and surveys. Estimates
were obtained from generalized linear mixed
models (GLMMs) predicting number of
trees per plot as a function of area, survey
(2009/2011 vs. 2020/2021), area-by-survey interaction, and plot, with plot treated as a
random effect, using a Poisson distribution
of error terms. The interaction term was
dropped from models whenever it resulted in
an increased AIC value. Estimates and standard errors were scaled to represent number
of individuals per hectare.
In our second analysis, we compared individual whitebark pine trees that were alive at
the time of plot establishment in 2009/2011
with their status at the time of resurvey in
2020/2021 (n = 320) to calculate the proportion of trees that became infected with blister
rust, as well as the proportion of trees that
experienced mortality due to blister rust,
mortality due to mountain pine beetle attack,
or mortality due to all factors combined. In
determining infection by blister rust, we considered trees that were observed as having
active or inactive blister rust cankers to be
infected, but, because of inconsistency in
observer interpretation across surveys, we
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Fig. 1. Images taken at the whitebark pine plot sites in the Okanogan–Wenatchee National Forest. A, Example of old
mountain pine beetle J-shaped galleries on a whitebark pine. B, Sporulating blister rust canker on a young whitebark
pine. C, Burnt trees near one of the plots on Darland Mountain. Photo credit: Nancy Parra.

ignored trees that were recorded as having
dead cankers. In each case, estimates and
standard errors were obtained from GLMMs
predicting probability of each type of occurrence as a function of area and plot, with plot
treated as a random effect, using a binomial
distribution of error terms. Estimates and
standard errors were scaled to represent
annualized percentages of trees experiencing
each type of event. In addition, we obtained

estimates of population growth due to trees
that grew to exceed 1.4 m in height between
plot establishment and resurvey, thus newly
qualifying as trees rather than seedlings. We
accomplished this by fitting a general linear
model predicting population growth, expressed as the number of new trees divided
by the number of trees at plot establishment,
as a function of area. Again, estimates and
standard errors were scaled to represent
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Fig. 2. Locations of the 12 remeasured plots in the Okanogan–Wenatchee National Forest in Washington State. Plots
were initially measured in 2009/2011 and then remeasured in 2020/2021. Two plots are at Clover Springs, 4 plots at
Darland Mountain, 3 plots at Lake Ann, and 3 plots at Mission Ridge.
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TABLE 1. Density of live whitebark pine trees >1.4 m in height, whitebark pine snags >1.4 m in height, and whitebark seedlings ≤1.4 m in height, based on 10 plots within 4 areas. Plots were installed in 2009/2011 and revisited in
either 2021 (Lake Ann) or 2020. Estimates were obtained from generalized linear mixed models predicting number of
trees per plot as a function of area and survey year, with plot treated as a random effect, using a Poisson distribution
of error terms. Standard errors are given in parentheses. Plots that were burned (Darland Mountain Plots 2 and 4) were
excluded from analysis. Areas did not differ significantly for any variable, but density of snags increased significantly
(c2 = 7.11, df = 1, P = 0.008) and density of seedlings decreased significantly (c2 = 14.63, df = 1, P = 0.0001) between
surveys.

Area

Live trees/ha
_______________________
2009
2020/2021

Snags/ha
______________________
2009
2020/2021

Seedlings/ha
_______________________
2009
2020/2021

Clover Springs
Darland Mountain
Lake Ann
Mission Ridge

1010 (211)
1424 (292)
735 (129)
748 (133)

185 (101)
233 (129)
67 (32)
171 (78)

613 (282)
2049 (924)
521 (198)
710 (268)

1131 (235)
1594 (326)
823 (144)
838 (148)

annualized percentage increase in the original
population.
In our third analysis, we assessed the proportion of whitebark pine trees and seedlings
with blister rust, as well as the proportion of
whitebark pine trees with mountain pine beetle damage, across areas and surveys using
GLMMs predicting proportion as a function
of area, survey, area * survey interaction, and
plot, with plot treated as a random effect,
using a binomial distribution of error terms.
Again, the interaction term was dropped from
models whenever it resulted in an increased
AIC value.
Analysis of all GLMMs was conducted in R
4.1.2 (R Core Team 2021) using the ‘lme4’
package (v1.1-21; Bates et al. 2015). Model
validation was conducted using the DHARMa
package (v0.4.4; Hartig 2021) to test for dispersion, outliers, or other deviations from the
expected distribution of residuals. In each
model, the statistical significance of area, time,
and (when relevant) the area * survey interaction term was assessed via likelihood ratio
tests. Parameter estimates and standard errors
were obtained on the original (response) scale
using the ‘emmeans’ package (v 1.7.1-1; Lenth
2021).
Darland Mountain plots 2 and 4 experienced nearly 100% tree mortality due to the
2009 Discovery Fire, which burned prior to
initial plot establishment; these plots were
excluded from all analyses via GLMM due to
the lack of live trees and minimal to zero
regeneration of seedlings. In addition, Naneum
Plot 1 in the Mission Ridge area was incompletely tagged during initial plot establishment, and only 4 original trees could be definitively identified and remeasured. This plot

266 (145)
337 (185)
96 (46)
247 (112)

466 (215)
1557 (704)
396 (151)
540 (204)

was therefore excluded from our second analysis, which relied on repeated measurements of
individual trees.
RESULTS
Across the 12 plots, a total of 1024 whitebark pines were surveyed at the time of plot
establishment in 2009/2011, including 408 live
trees, 166 dead trees, and 450 seedlings. In
2020/2021, we surveyed 1008 whitebark pines,
including 449 live trees, 214 dead trees, and
345 seedlings. Estimated densities for live
trees, dead trees, and seedlings within each
area are provided in Table 1. Across our entire
study area, the estimated density of live whitebark pine trees was 943 trees/ha (SE = 95)
in 2009/2011 and 1056 trees/ha (SE = 105) in
2020/2021, representing an increase of 12%,
although this increase was not statistically
significant (c 2 = 2.71, df = 1, P = 0.10).
The average density of whitebark pine snags
showed a statistically significant 44% increase
between surveys (c2 = 7.11, df = 1, P =
0.008), estimated as 149 snags/ha (SE = 40)
in 2009/2011 and 215 snags/ha (SE = 56) in
2020/2021. Finally, there was a statistically
significant 24% decrease in seedling density
between visits, estimated to be 826 seedlings/ha
(SE = 174) in 2009/2011 and 628 seedlings/ha
(SE = 134) in 2020/2021 (c2 = 14.63, df = 1,
P = 0.0001). There was no significant difference between areas in live tree density (c2
= 5.79, df = 3, P = 0.12), snag density (c2 =
3.16, df = 3, P = 0.37), or seedling density
(c2 = 4.75, df = 3, P = 0.19).
Across all 4 areas, from the time of plot
establishment to resurvey 11–12 years later, an
estimated 15% of trees (SE = 2.1) became
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TABLE 2. Summary statistics for whitebark pine trees >1.4 m in height, obtained from remeasurement of 320 trees
from 9 plots nested within 4 areas. Plots were visited either 12 (Lake Ann) or 11 years after initial data collection. New
blister rust infections, mortality due to blister rust, mortality due to mountain pine beetle, and overall mortality are presented as percentages of the original population affected each year, obtained by annualizing estimates from generalized
linear mixed models predicting probability of each type of occurrence as a function of area and plot, with plot treated as
a random effect, using a binomial distribution of error terms. Population growth was obtained by annualizing estimates
from a general linear model predicting the number of trees newly exceeding 1.4 m in height, expressed as a percentage
of the original population, as a function of area. Standard errors are given in parentheses. Plots that were lost to fire
(Darland Mountain plots 2 and 4) or initially incompletely tagged (Naneum Ridge plot 1) were excluded from analysis.
Areas were significantly different only for percent mortality from mountain pine beetle (c2 = 8.54, df = 3, P = 0.04).

Area
Clover Springs
Darland Mountain
Lake Ann
Mission Ridge

% Newly infected
by blister
rust per year

% Mortality
from blister
rust per year

% Mortality from
mountain pine
beetle per year

% Mortality
per year

% Population
growth from new
trees per year

1.34 (0.39)
1.82 (0.38)
0.88 (0.29)
1.44 (0.37)

0.32 (0.20)
0.70 (0.30)
0.45 (0.22)
0.39 (0.22)

0.34 (0.19)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)

1.35 (0.36)
1.58 (0.33)
1.02 (0.29)
0.72 (0.26)

2.45 (1.05)
3.29 (1.05)
1.77 (0.79)
1.68 (1.05)

TABLE 3. Percentages of live whitebark pine trees (>1.4 m tall) and seedlings (≤1.4 m tall) with blister rust infections,
and live whitebark pine trees with mountain pine beetle damage, in 4 different areas, obtained from 9 plots established
in 2009/2011 and revisited in either 2021 (Lake Ann) or 2020. Estimates were obtained from generalized linear mixed
models predicting probability as a function of area, survey year, and area * survey interaction with plot treated as a random effect, using a binomial distribution of error terms. Standard errors are given in parentheses. Plots that were
burned (Darland Mountain Plots 2 and 4) were excluded from analysis. For trees with blister rust, there was a significant
area * survey interaction (c2 = 46.86, df = 3, P < 0.0001) but no significant effect of area or survey year. For seedlings
with blister rust, there was a significant interaction effect (c2 = 17.49, df = 3, P = 0.0006) and a significant effect of area
(c2 = 17.84, df = 3, P = 0.0005). For trees with mountain pine beetle damage, there was a significant interaction effect
(c2 = 24.21, df = 3, P < 0.0001) but no significant effect of area or survey year.

Area

Trees with
blister rust (%)
________________________
2009
2020/2021

Seedlings with
blister rust (%)
________________________
2009
2020/2021

Trees with mountain pine
beetle damage (%)
______________________
2009
2020/2021

Clover Springs
Darland Mountain
Lake Ann
Mission Ridge

3.47 (2.22)
9.86 (3.87)
53.51 (8.17)
25.87 (6.64)

0.00 (0.00)
1.39 (0.95)
17.01 (5.92)
0.00 (0.00)

2.72 (2.83)
1.50 (1.63)
0.00 (0.00)
0.00 (0.00)

15.40 (5.46)
22.51 (6.62)
16.05 (5.00)
18.20 (5.36)

newly infected with blister rust, 5.0% (SE =
1.4) died from blister rust infection, and 12.6%
(SE = 1.8) died from all causes combined
(Table 2). In the Clover Springs area, 3.7% (SE
= 2.1) died of mountain pine beetle attack; no
other area experienced mortality within the
permanent plots for that reason, yielding an
overall estimated percent mortality of 2.2 ×
10−14 (SE = 6.3 × 10−10). Countering mortality, populations grew an average of 25.7%
(SE = 5.5) due to trees that newly grew to
>1.4 m in height, yielding a higher density of
whitebark pine trees at the time of resurvey
compared to plot establishment. Area-specific
estimates are provided in Table 2, although
areas differed significantly only in mortality
from mountain pine beetle attack (c2 = 8.54,
df = 3, P = 0.04), not new blister rust infections (c2 = 2.92, df = 3, P = 0.40), mortality
from blister rust (c2 = 1.21, df = 3, P = 0.75),

0.00 (0.00)
12.60 (4.67)
7.76 (4.26)
0.00 (0.00)

0.00 (0.00)
0.00 (0.00)
3.65 (3.05)
0.00 (0.00)

overall mortality (c2 = 4.36, df = 3, P = 0.23), or
percent population growth (c2 = 2.27, df = 3,
P = 0.52).
Over the entire study area, the percentage
of whitebark pine trees with blister rust infection was estimated to be 16.6% (SE = 3.2)
at plot establishment and 17.9% (SE = 2.8) at
the time of resurvey, but this increase was not
statistically significant (c2 = 2.01, df = 1, P =
0.15), and there was no significant difference
between areas (c2 = 7.95, df = 3, P = 0.5;
Table 3). However, there was a significant
interaction between area and survey period
(c2 = 46.86, df = 3, P < 0.0001), with Clover
Springs and Darland Mountain experiencing
increased infection rates and Lake Ann and
Mission Ridge experiencing decreased infection rates. The percentage of seedlings with
blister rust also showed a significant interaction between area and survey period (c2 =
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17.49, df = 3, P = 0.0006), with infection rates
increasing at Darland Mountain, decreasing at
Lake Ann, and remaining 0 at Clover Springs
and Mission Ridge. Overall, 3.8% of seedlings
were infected at the time of plot establishment, and 8.6% were infected when plots
were resurveyed, but this overall increase was
not statistically significant (c2 = 7.05,
df = 3, P = 0.07). However, areas differed significantly in the percentage of seedlings
infected with blister rust (c2 = 17.84, df = 3,
P = 0.0005). The percentage of live trees with
mountain pine beetle damage also showed a
significant interaction between area and survey period (c2 = 24.21, df = 3, P < 0.0001),
with damage decreasing at Clover Springs and
Darland Mountain and increasing at Lake Ann
due to an attack that most likely took place
in 2020. There was no significant overall effect
of area (c2 = 4.78, df = 3, P = 0.19) or survey
(c2 = 0.48, df = 1, P < 0.49) on mountain
pine beetle damage.
Regeneration on Burned Plots
At the time of resurvey, fire activity was
isolated to 2 Darland Mountain plots (Plots 2
and 4) that burned in the 2009 Discovery Fire
just prior to plot installation. These 2 plots
were purposely installed and surveyed on the
recently burned stands. In the 2009/2011 surveys, 1 of these plots had no live trees, while
the other had 7 live mature whitebark pines
left. By 2020, the 7 trees that had survived
had been dead for at least 5 years, presumably from fire damage. In 2020, no seedlings
of any tree species were present on 1 burned
plot, and the closest live trees >1.4 m in
height were subalpine firs at least 20 m away.
The second burned plot had 6 whitebark pine
seedlings and 6 subalpine fir seedlings. This
burned plot had several live whitebark pines
and subalpine firs taller than 1.4 m along the
perimeter. The Clover Springs area, which
was resurveyed in 2020, falls within the 2021
Schneider Springs Fire perimeter but has not
yet been assessed for damage.
DISCUSSION
Our results indicate that whitebark pine
trees measured during initial plot establishment have been newly colonized by blister
rust, died from blister rust, died from mountain pine beetle attack (at Clover Springs only),
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and died from other or unknown reasons, and
the probability of each of these events does
not differ significantly among areas. This has
resulted in an increase in standing snag density. However, new live trees that had reached
1.4 m in height since the original survey outweighed mortality, resulting in a non-statistically significant increase in tree density. There
is no evidence of differences in these trends
across areas.
In contrast, the density of seedlings has
declined significantly. Areas experienced a
similar decrease in density, but the cause of
this decline is unclear. For both survey periods, blister rust infections in seedlings were
only present in 2 areas. Despite this, it is still
possible that blister rust may have played a
role in the decline of seedling density. Because
it is difficult to locate and identify dead seedlings, we did not assess seedling blister rust
mortality. This decrease in seedling density
could also be due to a range of possible causes
such as low Clark’s Nutcracker visitations,
unsuitable germination conditions, or competition with other late-successional species. The
decreased seedling density observed in 2020/
2021 may translate into a lower density of
live trees in the future if regeneration can no
longer outpace mortality.
The percent of trees with blister rust infection, seedlings with blister rust infection, and
trees with mountain pine beetle damage all
showed significant area * survey time interactions, indicating patterns of infection/attack
that are heterogeneous across space and time.
Percentages that declined within an area over
time may reflect the death of trees that were
damaged but still alive at the time of plot
establishment, the regeneration of healthy
trees, or some combination of the two. Percentages that increased within only some
areas likely reflect localized mountain pine
beetle attack or ideal localized conditions for
blister rust infection. Conversely, areas with
high rates of trees infected by blister rust but
low to no infection in seedlings may reflect
the absence of appropriate local conditions
for new infections to establish during recent
years. Encouragingly, none of these percentages showed significant increases over time.
While our findings show that blister rust
infection is the primary agent that affected
whitebark pine on these plots over the last
decade, extrapolating to the larger population
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is difficult because plots were not established
using random methods, but rather in stands
based on a combination of criteria such as
accessibility, non-wilderness designation, and
known whitebark pine presence. It is also
likely that surveyors installed plots in stands
with live, mature whitebark pines that had
survived earlier mountain pine beetle outbreaks rather than in dead stands, in order to
effectively monitor blister rust infection rates.
Potentially, this would reduce our mountain
pine beetle detections in the original surveys.
Similar to our study, Shoal and Aubry (2006)
also reported high levels of blister rust infection relative to mountain pine beetle rates.
Shoal and Aubry (2006) reported 0% mountain pine beetle rates, while blister rust rates
ranged from 13.7% to 73.3% on other plots
located within the Okanogan–Wenatchee National Forest. Importantly however, Shoal and
Aubry (2006) also had a nonrandom protocol
for setting up plots. Incidentally, we have observed many whitebark pines that have
recently been killed by mountain pine beetle
in this area. In some cases, nearly entire
stands of mature trees have been killed. We
are aware of outbreaks that occurred in the
early 2000s, and again from about 2009–2010.
Therefore, low rates of mountain pine beetle
infection observed in these surveys are almost
certainly due to researchers preferentially
selecting plots with live trees in the original
surveys—trees that subsequently have had
low rates of beetle kill. We suggest that future
studies use random methods to locate plots
to reduce this potential bias. With this in
mind, we also suggest our results should be
viewed as an assessment of blister rust infection rates rather than an assessment of mortality rates from all causes.
The initial plots established in 2009/2011
were part of a restoration strategy implemented by the U.S. Forest Service to monitor,
restore, and conserve whitebark pine populations across the Pacific Northwest. The surveys were meant to provide information on
the status of whitebark pine communities and
allow researchers to assess the effectiveness
of restoration and conservation programs
over the long term, such as the planting of
seedlings in degraded habitat (Aubry et al.
2008). By installing permanent plots, the U.S.
Forest Service could monitor change over
time in blister rust infection rates, mountain

pine beetle activity, and fire patterns, as well
as their impacts on the whitebark pine population. However, before our 2020 remeasurements, only 13 of 34 (38%) plots in the
Okanogan–Wenatchee Forest had been remeasured (K. Chadwick personal communication).
The Greater Yellowstone Whitebark Pine
Monitoring Group (2011) uses a 4-year revisit
frequency to monitor permanent plots. With
this approach, the monitoring group is able to
follow the blister rust infection process, which
has a 3- to 4-year life cycle. Because of the
mountain pine beetle’s 1- to 2-year life cycle,
the monitoring group recommends making
additional visits every 2 years to only measure
mountain pine beetle activity if funding allows.
Monitoring plots at the frequency of the life
cycles of whitebark pine’s major threats may
improve management decisions and lead to
a better understanding of long-term trends.
Less frequent monitoring, such as an 11-year
period, provides less information regarding
when or where mortality agents are having
major impacts. Thus, managers and researchers
are not able to take immediate actions to
improve implemented programs. More frequent monitoring may aid in the long-term
management of whitebark pine and prevent
issues that stem from delayed management
response.
The data from this study were given to the
U.S. Forest Service to assist their ongoing
restoration efforts, with plans for volunteer
crews to repeat this process in the future with
plots that have not yet been remeasured.
Underfunding has prevented the U.S. Forest
Service from regularly revisiting their 338
permanent plots, and revisiting every 4 years
may be impractical due to cost. Many other
important conservation issues also require the
agency’s immediate attention, so personnel
are forced to budget their efforts. Frequently
remeasured, large-scale generalized surveys
of forest condition conducted in this ecosystem by the U.S. Forest Service and other federal agencies can also be useful for viewing
trends in the whitebark pine community, but
such surveys have limitations of their own.
Annual aerial detection surveys (ADSs) are
particularly useful for detecting beetle mortality because the surveys cover an extensive
land area rather than relying on a limited
selection of plots. However, an individual
year’s ADS only documents the red canopies
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that are signs of a successful beetle attack
from the previous season, and not every area
is flown annually (Macfarlane et al. 2013).
Additionally, blister rust infections are not as
detectable from these surveys. Forest inventory and analysis (FIA) and current vegetation
survey (CVS) plots also cover an extensive
land area, but due to data collection being on
the ground, these surveys can also detect
current-year beetle attacks and the presence
of blister rust infections. While whitebark pine
was present in over 300 FIA and CVS plots
from 1991 to 2000 in Washington and Oregon,
insect-related activity is not recorded to the
species level, and assuming any insect-related
activity to be mountain pine beetle activity
may result in an overestimation of this agent
(Aubry et al. 2008, Eskelson and Monleon
2018). The use of volunteers in citizen scientist projects can provide the monitoring data
that the U.S. Forest Service requires but cannot financially support. Although volunteers
cannot replace professional survey crews, they
can still provide meaningful data if properly
trained and supervised by a highly skilled
crew member.
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