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Study description

Research sample

Sampling strategy

Data collection

Timing and spatial scale

The sugar pine drought study used a paired study design of infected and uninfected trees with needle year nested within pair. The
whitebark pine study used a hierarchical design with needle year nested within tree. The pathogen study used a stratified random
sampling design (hierarchical) with plot and species as crossed random effects.

The pathogen study included a stratified random sample of the four white pine populations within SEKI: western white pine, sugar
pine, whitebark pine and foxtail pine. The drought study included a random sample of sugar pine and whitebark pine trees within 500
meters of the pathogen study plots and represented a subsample of the these white pine populations in SEKI. Historic climate data
were downloaded from the PRISM dataset (https://prism.oregonstate.edu/) and the forecasted climate data were downloaded from
http://www.climatologylab.org/maca.html. The SEKI white pine distribution map was provided by SEKI I&M program and the SEKI
digital elevation model was downloaded from https://www.usgs.gov/core-science-systems/ngp/tnm-delivery.

Drought study. A total of n = 36 live sugar pine trees were identified starting within 500 meters of a randomly selected pathogen plot
with observed blister rust infections. Sample size was determined from a preliminary study and informed by feasibility and cost.
Budget constraints limited the study to 250 stable isotope samples, which was approximately 17 tree pairs with similar DBH (mean
and standard deviation difference among pairs: 4.77+/- 4.73 cm). Sampling stopped after the 17 pairs had been measured. This was a
paired study design with year nested within pair. Because whitebark pine infections were so low (~1% of the population) we only
sampled live uninfected trees (n = 30).

Pathogen study: a total of 154 plots were originally established in 1995–1999 using a stratified random sampling design based on the
range of white pine species within SEKI. Sample size was predicted using the formula by Cochran (1977) and informed by feasibility.
Specifically, a plot containing more than 100 trees was deemed unmanageable, and even 50 trees demanded a high amount of
resources. Given that trees would die over time, it was decided that a fixed sample size of 50 trees per plot be utilized, where
possible, and that 30 trees would be acceptable if stand density was found to be low over a wide area. Plot size averaged 30 × 50 m,
though plot length was adjusted to capture a minimum of 30 white pine stems. Plot sizes ranged from 0.1 to 3.4 ha. Crews navigated
to the same plots between 2013-2017 and resurveyed each tree measuring mortality and signs and symptoms of blister rust.
Sampling continued until all white pine stems and recruited individuals (>1m height) had been measured within the plot dimensions.

Drought study: We collected 266 sugar pine and 225 whitebark pine needle samples from three low-lying, south facing, sunlit
branches of each sampled tree. Needles were extracted for each year needles were present by counting back from 2017 or 2018
needles along the nodes. Sampling stopped after the 17 sugar pine pairs had been measured. All healthy fascicles were extracted
along the branch within each internode, counted, placed in paper bags, and transported to UC Berkeley where they were dried at 60°
C. To estimate needle expansion, we randomly selected three dried needles from three different fascicles and measured needle
length (mm). 5-10 dried sugar pine fascicles were pulverized to a fine powder, weighed (8 mg), and encapsulated in tin. Samples
were analyzed for both carbon (!13C and % C) and nitrogen (!15N and % N). Stable isotope ratios were determined for dried needle
material at the University of California, Berkeley Center for Stable Isotope Ecology. All field data was recorded using pencil and paper
and needle samples were collected in the field and dried and measured in the lab. Joan Dudney and Claire Willing extracted all sugar
pine samples and Joan Dudney collected whitebark samples.

Pathogen study: sampling methods for the presence or absence of blister rust were adapted from Duriscoe and Duriscoe (2002), with
an emphasis on consistency, so that results would be comparable across sample periods. Crews scanned all branches and the main
stem of each tree from all sides searching for signs of blister rust, using binoculars on tall trees, and counted branch and bole
cankers. Branch cankers were recorded if sporulating aecia or old aecial sacs were observed, or if all of the following symptoms were
present: pitching, swelling or sunken bark, and discoloration of the bark on a specific section of the branch. Rodent chewing and
aeciospores were included in the diagnosis when present. Bole cankers were verified by the following symptoms: heavy pitching from
a specific area, swelling, or sunken bark and an entry point (i.e., a branch canker that clearly led to bole canker). While these
symptoms of blister rust are not necessarily definitive, blister rust is the most probable causal agent. For crew descriptions in the first
survey period, see Duriscoe and Duriscoe (2002). Sampling continued until all white pine stems and recruited individuals (>1m height)
had been measured within the plot dimensions. Crews in the second survey included Joan Dudney, Jonathan Nesmith, Sean Auclair,
Peter Del Zotto, Sarah Hoff"Phillips, Elizabeth Bartholomew, Vlad Kovalenko, Allyson Makuch, Matthew Mosher, Hanna Mohr, David
Soderberg, Sam Zuckerman, and Matt Cahill. All data were recorded using field notes.

Drought study: sugar pine were sampled in summer 2017 (June-September) and resurveyed in September 2018. The area of the
study was approximately 5 km2, which reflected the minimum area where ~ 18 infected sugar pines could be identified with suitable
healthy pairs. The timing of this study ensured we captured consistent needle ages across sampled trees, as well as needles that
spanned the drought years, 2012-2015 -- needles are not consistently retained on sunlit branches for longer than ~6-7 years on sugar
pines




