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Map of 2019 and 2021 research locations and number of sites characterized at each location (Panel a), and climate diagrams illustrating average monthly 
precipitation [PPT: mm], snow water equivalent [SWE: mm], and daily mean air temperature [ºC] for research locations (Panels b-h). PPT and Ta values were 
derived from daily DayMet estimates (1980-2020), and SWE was estimated using the SOILWAT2 model from DayMet forcing. The error bars illustrate 
variation across study sites in each location.



Latitude, longitude, management, elevation, basal area, seedling density, canopy cover, cone density, herb cover, shrub cover, CW debris, and litter cover of 14 
different sampling sites of ponderosa pine trees in southern NV. Note: N = no management; T = overstory thinning. To estimate seedling density in # ha-1, 
multiply # m-2 by 10,000.



Photos of samplings in 
2019 & 2021



Photos of sampling at site NVSP-WWPP-1 in 2019 Photos of sampling at site NVSP-BCPP-1 in 2019



Photos of sampling at site NVSP-DLPP-1 in 2019 Photos of sampling at site NVSP-BCPP-4 in 2019



Photos of sampling at site NVSP-BCPP-5 in 2019



Photos of sampling at site NVHT-U1 in 2021 Photo of recently germinated seedlings at site NVHT-U1 in 2021



Photos of sampling at site NVHT-U2 in 2021 Photos of sampling at site NVHT-M1 in 2021



Photos of sampling at site NVHT-M2 in 2021 Photos of sampling at site NVHT-M3 in 2021



Photos of sampling at site NVHT-M4 in 2021 Photos of sampling at site NVHT-M5 in 2021



Photos of sampling at site NVHT-M6 in 2021 Photos of sampling at site NVHT-M7 in 2021



Boxplots illustrating variation in juvenile ponderosa pine regeneration density [# seedings m−2, # seedlings ha−1] between sites in differing regional locations. 
Due to wide variation in regeneration density and many sites with no regeneration, we found no significant differences in regeneration density between study 
locations (ANOVA and Tukey’s honest significant differences; p < 0.05).



Evaluation of explanatory meteorological 
and water balance variables associated 
with greater promotion or greater 
inhibition of regeneration failure [R0: 0.0 
seedlings m−2] for all study sites (All), and 
for sites within different locations of the 
southwestern US. Top variables are 
indicated by a star (*). In each box, the 
value and color indicate the percentage of 
years/seasons for 20 years prior to the 
sampling date (2019 sampling: 
1999-2018; 2021 sampling: 2001-2020) 
exceeding the boundary value of each 
variable. These boundary values were 
used to differentiate R0 sites from those 
experiencing regeneration using partial 
dependence from a random forests 
analysis. The percentage values below 
each location indicate the percentage of 
sites at that location experiencing 
regeneration failure.



Summary of regeneration attributes and management actions for sampling locations (Part a), and for regeneration density classifications (Part b).



Boxplots of regeneration density between unmanaged, thinned, and burned sites (Panel a), and regeneration density between unmanaged sites and sites with 
differing time periods of past management (Panel b). Due to wide variation in regeneration density and many sites with no regeneration, we found no significant 
differences in regeneration density between management actions, or between management time periods (ANOVA and Tukey’s honest significant differences; p 
< 0.05).



Boxplots comparing regeneration density between managed and unmanaged sites on a ratio scale (managed density divided by unmanaged density) in 
differing regional locations of the SWUS. An effect ratio > 1.0 indicates managed sites had higher regeneration than unmanaged sites. All sites in Front Range 
CO were managed. Significant differences were determined using ANOVA and Tukey’s honest significant differences (*p < 0.05; **p < 0.01).



Boxplots illustrating the average p50 value 
[MPa] of juvenile ponderosa pines (20-30 years in 
age) between study locations. The p50 value 
indicates the pressure at which 50% of a 
ponderosa pine’s conduits (xylem) cavitate, and a 
more negative p50 value indicates greater 
physiological tolerance of moisture stress. Panel 
a shows that ponderosa pine juveniles in 
southern NV are more stress tolerant than 
juveniles in other locations. Determining why this 
occurs may help to uncover new management 
opportunities for human-assisted reforestation.



Photo of instrumentation used to monitor planted seedling survival at HTNF. This 
site is in Wallace canyon, near the old USFS HOBO weather station.



Photo of instrumentation used to monitor planted seedling survival at HTNF. This 
site is in Scout canyon, near the existing SNOTEL station.



Normalized Difference 
Vegetation Index 
(NDVI) image of a 
planted ponderosa 

pine seedling. We are 
using instrumentation
to detect changes to 

the spectral properties 
of planted seedlings, 
which may help us 

better identify stress 
onset and tree 

mortality. A brown 
seedling has already 
been dead for some 

time!
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