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Taking the Long View and Acting Now—
Prioritizing Management of High Elevation Five-Needle Pines

Anna Schoettle
USDA Forest Service, Rocky Mountain Research Station, Fort Collins, Colorado

Anna Schoettle is a research Some of the most vulnerable ecosystems include subalpine

ecophysiologist whose work forests where growing space declines with elevation and

focuses on understanding ies distributi defined by distinct climati dient

responses of high elevation pines species distributions are defined by distinct climatic gradients

to stressors such as climate change ~ and biotic interactions. Climate change'is projected to be rapid

gnd lanﬁ}SlVe pathogens ?nfl teqi and heightened in these habitats, highlighting the importance

eveloping management strategies S— ; . .

to maintain resilience. of genetic dlvers.lty and adaptive capacity of plant species that
occupy them (Millar etal. 2007)) The North American high
elevation five-needle white pines (Fig. 1) define the forest-alpine
ecotone in many mountain systems and provide watershed
protection and wildlife habitat. They are also being challenged

Figure 1. The high elevation five-needle pines. Clockwise from the upper left: Whitebark pine (Pinus albicaulis), Rocky Mountain bristlecone pine
(P. aristata), Great Basin bristlecone pine (P. longaeva), Foxtail pine (P. balfouriana, photo: Wikipedia), Limber pine (P. flexilis, photo: CT Holtz).
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Figure 2. Cronartium ribicola fruiting
on a limber pine branch and the bole of
a Rocky Mountain bristlecone pine tree.

be an invasive fungal pathogen, Cronartium ribicola, that was
introduced to North America in the early 1900s and causes the
lethal disease white pine blister rust (WPBR) on five-needle
white pines (subgenus Strobus; Fig. 2). All the high elevation
five-needle white pines of North America are susceptible to C.

ribicola. The disease spread rapidly through host ranges in the
moist forests of the northwest and east and continues to spread,
though more slowly, into the drier habitats of the southern
RocKies, Great Basin‘and'southwest \WWPBR has killed many
five-needle white pines in the north although it wasn’t detected in
Colorado until the late 1990s, and has yet to be found on trees in
Utah or most of Great Basin (Fig. 3). As the pathogen continues
to spread, and the disease intensifies, the populations currently
less affected may too follow the same trajectory as those to the
north if effective management intervention is not pursued.

How do we prioritize limited management resources across
these remote and harsh landscapes for the greatest benefit to the
five-needle pine species and likelihood of sustaining or restoring
ecosystem services into the future? Traditionally, management is
focused in the crisis areas, those that have the highest mortality
or impact. However, if only crisis areas receive attention, the
currently healthy five-needle pine ecosystems will progressively
degrade as the pathogen continues to spread. Also, the crisis-
centric management approach neglects that management options
are often not equally effective under different forest conditions
and successful restoration is less likely in severely impacted

areas. Thus, to manage the high elevation white pine species ) ) o
for future persistence and health, one needs to look beyond the Figure 3. Progression of white pine blister rust on western North.
American pine hosts. Dashed blue lines indicate finer date resolution

crisis areas and across _the full spectrum of ecolog!cal conditions. within the 20 years of 1981-2000. (From Jacobi et al. 2018; used with
Therefore, both Proactive and Restoration Strategies have been permission from HSJ Kearns.)


Sam Hitt


ARTICLES

Mountain Views December 2019

developed for the high elevation five needle pines (Fig. 4).

Both have the same long-term management goal of sustaining,
restoring and promoting self-sustaining pine populations in the
presence of WPBR and other stresses to support ecosystems
processes and services into the future (e.g. Schoettle and Sniezko
2007, Keane and Schoettle 2011, Keane et al. 2012, Schoettle

et al. 2019a). The opportunities and timing of interventions to
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The approach of the Restoration Strategy is to restore the already
impacted populations and impaired ecosystems to re-establish
natural processes and ecosystem services.

fatural’selection’can’operate) Because deployment strategies

for increasing the frequency of genetic resistance in natural
forests (as opposed to plantation forests) using regeneration
management were not well developed, the fégeneration for
fesilience’ (R4R) framework was advanced to provide a decision
structure to prioritize limited resources and utilize natural and
artificial regeneration management to offer the best likelihood of
success in positioning stands and landscapes to support multi-
generational self-sustaining pine populations in the presence
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The complexity of natural ecosystems makes mitigating disease
impacts more difficult than in managed forests. Sustaining
natural forest resilience in the presence of an invasive species
requires maintenance of the host population’s recovery and
adaptive capacity on a landscape spatial and multi-generational
temporal scale. Regeneration management, whether it be
planting genetically resistant seedling stock, maintaining and
augmenting the size of host species populations, or generating

a diverse mosaic of stand ages across a landscape, can foster
forest adaptation and mitigate impacts caused by invasive species
such as C. ribicola. Natural regeneration offsets mortality and is
therefore a stabilizing force in forests. Regeneration also provides
the individuals and genetic combinations to support the dynamic
natural selection for genetic resistance and other traits important
for long-term adaptation in a changing climate.

Positioning forests for accelerated adaptation to new conditions
while sustaining viable population sizes will promote resilience
(Schoettle and Sniezko 2007, Keane and Schoettle 2011).
Therefore, the management approach must incorporate a long-
term and evolutionary perspective which also incorporates
adaptation to climate change. Unfortunately for the high-
elevation five-needle pines, generation time is very long, and the
stressors directly affect all nodes of the regeneration cycle (Fig.
5). The high elevation five-needle pines are tolerant of stresses
under which they have evolved but are not well equipped for
rapid adaptation to novel stresses such as those imposed by the
introduction of C. ribicola in a changing climate. Reducing the
effect of disease on survival and fecundity by increasing heritable
disease resistance is essential to sustaining many of these
populations and ecosystems services. Many trials are underway
to discern geographic patterns of genetic WPBR resistance to
identify parent trees for seed collections and populations for
protection. Ultimately, an increase in the frequencies of resistance
in populations over the landscape will help establish a new
equilibrium from which pine species and associated ecosystems
will have the best opportunity to exist and function in the
presence of the permanent residence of C. ribicola.

Figure 4. A schematic of pathways for facilitating sustainable natural forest ecosystems in the presence of a nonnative invasive species.
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Figure 5. High elevation five-needle pine regeneration cycle and damage agents (from Schoettle et al. 2019b). White pine blister rust (WPBR)
affects the regeneration cycle at all points (brown text), while mountain pine beetle (MPB) only impacts larger mature trees, and cone and seed
insects only impact seed production. Dwarf mistletoe can infect trees of all ages. Climate change may directly impact insect populations and seedling
establishment and tree growth and may indirectly affect other interactions within the cycle.

Ecological condition and context determine the likelihood

of success of management interventions to mitigate impacts

of WPBR. In populations heavily impacted by WPBR, the
remaining seed trees are too few to support natural regeneration
even with management intervention. Likewise, rust pressure
can be so high that it will overcome the expression of WPBR-
resistance, reducing the efficacy of artificial regeneration with

resistant stock as well. Mahagement has'a'low probability of
successfully rebuilding a population under these conditions;
triaging these areas in favor of managing areas with less rust
pressure’may be'abetterinvestmenty In threatened but currently

healthy populations, interventions to increase natural resistance
can help increase population size while early planting of seedling
stock with disease resistance traits will enable them to begin

to mature and offset mortality of the reproductive overstory

trees as the disease intensifies over time. The R4R framework
encourages looking beyond the crisis areas for other opportunities
to conserve the species and prevent population extirpation.

These interventions entail integrating genetic resistance
information into an ecological context to prioritize and inform
regeneration interventions to restore and sustain healthy
landscapes. The R4R decision framework helps guide when,
where, and how to utilize regeneration to increase forest
resistance and resilience to invasive nonnative pests and
pathogens in natural forests. The R4R framework for WPBR
integrates science-based information on (1) current forest health
condition, (2) genetic resistance to WPBR, (3) WPBR risk and
hazard, and (4) host population dynamics to prioritize when
and where interventions will have the greatest likelihood of
success in sustaining high elevation forests in the presence of

WPBR (Schoettle et al. 2019a). It highlights opportunities across
stand conditions and discourages management in areas where
management has a low probability of success. Theiframework

Rocky Mountain National Park (RMNP) is at the infection
front for C. ribicola in Northern Colorado and the park has a
responsibility to prevent ecosystem impairment. The Proactive
Limber Pine Conservation Strategy for the Greater Rocky
Mountain National Park Area is an outcome of a partnership
between RMNP and the USDA Forest Service. The Strategy
focuses on timing specific monitoring and interventions efforts to
inform management to sustain healthy limber pine populations
and ecosystems during invasion and naturalization of WPBR,
thereby putting limber pine on a trajectory that does not lead
to ecosystem impairment in the future (Schoettle et al. 2015,

2019b, Cleaver et al. 2017). During'this'collaboration;ahigh

2014)2 That we have this information and the other site-based
genetic and disturbance ecology information before the limber
pine populations have been invaded by WPBR is unique. This
situation justified developing a conservation strategy specific to
the greater RMNP area.
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)
Increase population size and sustain genetic diversity—increase
the number of limber pine trees on the landscape through planting
or seeding, or both, immediately to offset future mortality and to
sustain viable self-sustaining populations; (3) Locate treatments
to maintain durability of complete WPBR resistance—minimize
selective pressure on the rust by planting trees with a range

of susceptibilities only in low-WPBR-risk areas to reduce the
probability of the proliferation of genotypes virulent to the
complete resistance in limber pine; (4) Discover, develop, and
deploy local quantitative WPBR-resistant sources—research
quantitative (polygenic) WPBR resistance types in limber

pine in the greater RMNP area and establish a clone bank of
these genotypes (which can be protected from fire and other
stresses) to provide seed for future plantings and (5) Monitor
pines and rust—monitor for limber pine health, early detection

of WPBR, and WPBR virulence.

The R4R framework has also been applied to the very heavily
impacted area of the Crown of the Continent Ecosystem (CCE
- northern Montana, southern British Columbia and Alberta;
https://www.crownmanagers.org/five-needle-pine-working-
group). The decision space is constrained by high impacts,

but the landscape can still be stratified by forest condition and
context to allocate treatment resources to have the highest
likelihood of restoring whitebark pine within the CCE. It is
well documented that five-needle pine forests in the CCE have
declined significantly due to a combination of biotic and abiotic
stressors. The High Five Working Group of the Crown Managers
Partnership was formed to prioritize and advance collective
efforts to effectively monitor, conserve, and restore five-needle
pines across the complex jurisdictional boundaries of the CCE.
The working group developed a proof of concept methodology
for whitebark pine restoration within a US portion of the CCE.
Future applications will cover the full CCE including both
whitebark and limber pine. The strategy integrates existing data
sources, expert opinion and modeling within a GIS platform.
Areas were first identified where whitebark pine is capable

of existing on the landscape and then rated related to (1) their
conservation value as defined as those areas currently providing

ecosystem services or capable of providing ecosystem services,
and then (2) the threats/stressors that have reduced, or are likely
to reduce, conservation value were identified and quantified.
Restoration actions were then prioritized based on the likelihood
of successfully benefitting whitebark pine under each of the
stressor’s levels such that areas where stressors negatively
impacted the potential success of the treatments were assigned a
lower priority using an adaptation of the R4R framework. Finally,
all factors were integrated, and priority core areas are defined
for focused restoration in the future. The outcome of this effort
is a draft methodology to identify priority areas for restoration
within the CCE and for the National Whitebark Pine Restoration
Strategy within the USA and can serve as a model for restoration
strategies for other areas impacted by WPBR including the
northern distributions of whitebark, limber and foxtail pines.

Timely management approaches that incorporate both ecological
context and an evolutionary perspective increase the likelihood
of successfully sustaining high-mountain pine ecosystems into
the future. The R4R framework highlights opportunity for
increasing the resilience of both WPBR-threatened and impacted
high elevation five-needle pines ecosystems across western

North America. Inhealthy butthreatened ecosystems; acting

now will increase forest resilience to position the ecosystems to
develop fewer impacts, and need less restoration, in the future
and the R4R framework encourages managers not to wait until
the ecosystems are impaired to begin managing for increased
fesilienced In impacted systems, R4R recommended prioritizing
management in locations that have the greatest likelihood of
successfully restoring function and to look for opportunities
beyond the heavily impacted areas that often attract most of the
attention but have a poor prognosis. Spreading treatments over
a diversity of current stand conditions and WPBR hazards will
increase the likelihood that some populations avoid extirpation
and sustain the species. When prioritizing limited resources,
context is critical. Accepting that some habitats may not support
sustainable populations in the future even with intervention is
essential for making good treatment investment decisions. The
future of the high elevation five-needle pine ecosystems may
depend on it.
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