WPEF student research grant awarded for 2023

The proposals were reviewed by the Evaluations Committee, composed of former board members Bryan
Donner, Cyndi Smith, and Kathy Tonnessen, and Nutcracker Notes editor and associate director Bob
Keane. We are pleased to announce that LOU DULOISY, a PhD student with Dr. Danielle Ulrich of the
Faculty of Biological Sciences at Montana State University, was chosen as this year’s grant recipient.

Evaluating physiological differences of closely related high-elevation five needle pines: Pinus
albicaulis and Pinus flexilis

Background and Obijectives

Whitebark pine (Pinus albicaulis: WBP), is considered a keystone and foundational species in the Greater
Yellowstone Ecosystem (GYE) and was recently listed as a threatened species under the Endangered
Species Act. WBP thrives at the subalpine tree line and provides vital protection for other species, due to
its tolerance of cold, dry, windy conditions. The large and nutritious seeds of WBP supply valuable food
resources for wildlife, including the Clark’s Nutcracker (Nucifraga columbiana) and Grizzly Bear (Ursus
arctos horribilis) (Tomback et al. 2001). Previous research found that Grizzly Bear survival in the GYE
is strongly linked to seed availability and production (Felicetti et al. 2003). WBP also provides vital
watershed protection by regulating snowmelt runoff and soil erosion (Keen et al. 2020). Given their
ecosystem services, WBP has a disproportionally large impact on ecosystem health. Limber pine (Pinus
flexilis: LP), an early successional species, is tolerant of warm and dry conditions and generally occupies
the lower tree line ecosystem. Although LP is a drought tolerant and shade intolerant species, it forms
open canopy stands unlike the tree islands formed by WBP (Letts et al. 2009, Webster and Johnson,
2000). Despite these differences, WBP and LP can occupy similar geographic ranges in the northern
Rocky Mountains. Current research predicts climate change will continue to affect both species (Hansen
et al. 2021), though the underlying physiological mechanism are not fully understood.

WBP and LP differ by seed cone; identification of non-cone bearing trees is difficult and the lack of
effective techniques hinders research in areas where both species are present (Alongi et al. 2019,
Baumeister and Callaway 2006). Current species distribution models assume that WBP does not inhabit
the warm and dry conditions at the lower tree line where LP is present. However, future climate scenarios
fail to include juvenile trees, and previous research shows that juvenile WBP are able to regenerate in
warmer and drier environments than their adult counterparts (Buermeyer et al. 2016).

The frequency, intensity, and duration of severe droughts and heat waves are projected to increase,
affecting tree growth and survival, and increasing tree mortality (Allen et al. 2010, 2015). WBP has
experienced decline due to the changing climate, mountain pine beetle (Dendroctonus ponderosae),
blister rust (Cronartium ribicola), and fire exclusion (Brar et al. 2015, Macfarlane et al. 2013). As a result
of the challenges associated with WBP and LP identification, limited research has been conducted
examining the physiology of both species. This lack of research limits our ability to conserve and manage
these forest ecosystems, considering changing climate. Understanding how physiological mechanisms
contribute to species’ range limits is important for assessing WBP and LP responses to a changing
environment. Inherently, increasing our knowledge of the physiological mechanisms of both WBP and LP
is critical to management of ecologically sustainable forests.

Given the importance of conserving forests, specifically WBP, a multi-proxy research approach is needed.
To quantify physiological mechanisms in WBP and LP, we plan to measure gas exchange and water
relations (photosynthesis, respiration, and transpiration) with in situ methods. However, in situ
physiological measurements of plant responses to the environment cannot be applied retrospectively



(Siegwolf et al. 2022). As such, tree-ring carbon stable isotopes (613C) are crucial for understanding tree
physiological responses over temporal and spatial scales (Cernusak and Ubierna, 2022). Additionally, a
critical factor in understanding tree physiology is assessing the storage and allocation of carbon, by
measuring non-structural carbohydrates (NSCs) in addition to gas exchange and 13C (Sevanto et al.
2014, Cho et al. 2022). The objective of our study is to better understand WBP and LP physiology over a
temporal scale to address the following questions: 1) Do seasonal patterns of leaf-level photosynthesis,
respiration, and transpiration differ between WBP and LP? 2) Do tree-ring stable isotopes (613C) differ
between WBP and LP? 3) Do seasonal patterns of NSCs differ between WBP and LP?

Study plans

To conduct this research, we will be visiting three sites located in the GYE. Our sites are previously
established, with genetically identified WBP and LP (Alongi et al. 2019, Hansen et al. 2021). Each site
will be visited once monthly to gather seasonal physiology data. At each site, we will measure
photosynthetic rate and gas exchange (stomatal conductance) using a portable photosynthesis system from
LICOR Biosciences (LI-6800) and water potential using a portable pressure chamber (PMS).
Additionally, we will collect samples from all genetically identified trees, and all tissues (needles,
branches, stems and roots) to measure NSC content throughout the duration of the study. We will
measure both total NSC content, as well as patterns of allocation to different tissues. Once throughout the
study, we will collect tree cores. Two 12-mm cores (20 cm depth) will be taken to quantify recent tree-
ring radial growth and tree-ring 613C. These cores will be cross-dated, and we will measure tree ring
widths. Then, the last 50 years/rings of growth will be separated from each tree core using a razor blade.
From each ring, alpha-cellulose will be isolated using a standard bleaching protocol (Rinne et al. 2005).
The alpha-cellulose will be weighed and packaged in tin cups at Montana State University and analyzed
for 613C, using an Isotope Ratio Mass.

Measures of success

This study will improve our understanding of seasonal and long-term physiology of two cohabitating
species, WBP and LP. The data collected will allow scientists and managers to establish a stronger
understanding of WBP and LP physiology and prioritizes adaptive management in our changing climate.
Due to WBP being a keystone and foundational species, management of WBP and LP forests is crucial
for preserving valuable food resources, watershed protection, and species protection.
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