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Background

Five-needle pines, such as whitebark (Pinus albicaulis) and foxtail (Pinus balfouriana) pines, play a key
role in upholding the ecological integrity of high-elevation forest ecosystems and are increasingly
threatened by multiple interacting stressors including white pine blister rust (Cronartium ribicola),
mountain pine beetle (Dendroctonus ponderosae), fire suppression, and climate change. Such threats can
interact to hasten pine mortality and dampen pine regeneration. Understating these threats, their
interactions, and their effects on pine mortality and regeneration is a pressing ecological and conservation
priority (Keane et al. 2012, 2017). My study focuses on these priorities in isolated, range-edge
populations of whitebark and foxtail (ssp. balfouriana) pines in the Klamath Mountains Ecoregion
(KME) of northern California.

The KME marks the western and northern limits of whitebark and foxtail pines’ respective ranges with
distinct differences from other parts of their respective ranges (Kauffmann ez al. 2019). Unlike continuous
stands in other regions, KME populations are restricted to sky islands and may be particularly vulnerable
to threats due to minimal genetic diversity arising from bottlenecks and limited terrain for upward range
expansion (Kauffmann et al., 2019, Oline et al. 2000). Additionally, the KME holds remarkable diversity
in conifers, climate, topography, and geology, presenting an ideal mix of biotic and abiotic characteristics
to investigate potential drivers of ecological integrity and processes in high-elevation forests (Kauffmann
and Garwood 2023).

Forests in the KME have recently experienced ecological decline, but there are knowledge gaps about this
trend in the five-needle pines (DeSiervo et al. 2018, Bost ef al. 2019). White pine blister rust is
established in the KME, with multiple reports documenting moderately low to absent (0-18%) regional
infection rates (e.g., Maloney 2011, Meyer et al. 2023). However, it is hard to unravel these rates due to
grouping among five-needle pine species, grouping among localities (e.g., Cascade-Klamath), low sample
sizes, and regional heterogeneity. Finer landscape-scale information about this pathogen’s spatial
distribution and extent of infection is needed to guide management and restoration activities (Tomback
and Sprague 2022). Mountain pine beetle is another threat in the KME (DeSiervo ef al. 2018); in response
to climate change, this mortality agent is moving from lodgepole pines (Pinus contorta ssp. murrayana)
upslope to other suitable hosts, especially large diameter whitebark pines (Raffa et al. 2008, Larson 2011,
Jules et al. 2016). The potential negative impacts from this pest on high-elevation pines in the KME are
poorly understood, especially as age densification produces preferrable large diameter host trees (Meyer
et al. 2023). In addition to these concerns related to pests and pathogens, a long history of fire suppression
in the KME has enabled shade-tolerant conifers to encroach into high-elevation habitats, increasing
competitive stress for five-needle pines, a threat that is amplified under changing climate (Kauffmann et
al. 2019, Jules et al. 2022, Meyer et al. 2023). Collectively, these pressures have the potential to reduce
the KME’s ability to serve as a stable, high-elevation refugium capable of supporting world-renowned
biological diversity through dramatic changes across deep time (Olson et al. 2012, Kauffmann and
Garwood 2023).

Objectives



Despite these threats to whitebark and foxtail pines in the KME, the processes driving these threats, their
interactions, and how they unfold spatially across the region are poorly understood. This study will
address these knowledge gaps about whitebark and foxtail pines in the KME by answering the following
questions:

1. What are the current rates of white pine blister rust infection, mountain pine beetle infestation,
mortality, and regeneration?

2. How do climate and biotic and abiotic stand characteristics influence infection, infestation,
mortality, and regeneration rates?

3. How does infection affect infestation?

4. How do infection and infestation affect mortality?

Findings will provide needed insights into the current regional status of whitebark and foxtail pines,
informing management efforts to maintain biodiversity and ecosystem function and resilience in high-
elevation forests facing ongoing environmental challenges.

Study Plan and Methods

My study will use a combination of field data, geospatial data, and statistical analyses to answer the above
questions. Field data were collected from 92 0.10 ha (100% 10 m) belt transects throughout whitebark
and/or foxtail pine stands in the KME. Additional field data will be collected in summer 2027. Data
collected from each transect include target tree data (regeneration, mortality, tree characteristics, and
threat-based variables) and non-target tree data (counts and percent cover per species, including
regeneration). Geospatial data include climatic data from various external sources (e.g., PRISM).
Statistical analyses will provide descriptive summaries about regeneration, mortality, infection, and
infestation rates in regional high-elevation five-needle pine stands. Additionally, correlation, generalized
linear regression (tree-level data), and generalized logistic regression (stand-level data) analyses will yield
insights about the complex relationships among numerous explanatory and response variables.
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