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Introduction

The collective impacts of fi re exclusion polices, mountain pine 
beetle (Dendroctonus ponderosae Hopkins) outbreaks, and white 
pine blister rust (Cronartium ribicola J.C. Fisch) infections  have 
resulted in a rapid decline of whitebark pine (Pinus albicaulis 
Engelm.) forests in western North America over the last several 
decades (Arno 1986, Kendall and Keane 2001, Goeking and Izlar 
2018). Especially distressing are the projected declines in these 
iconic forests because of future changes in climate (Warwell et al. 
2007, Chang et al. 2014). Future warmer and drier climates could 
result in increases in the frequency of wildland fi re (Flannigan 
et al. 2009, Abatzoglou and Williams 2016, Schoennagel et al. 
2017) and mountain pine beetle outbreaks (Carroll et al. 2003, 
Wong and Daniels 2016), but it is also speculated that it will 
also increase white pine blister rust infections (Landguth et al. 
2017, Wyka et al. 2018).  However, more alarming is that many 
statistical modeling studies have shown signifi cant reduction in 
the biophysical conditions that defi ne suitable whitebark pine 
habitat over the next century (Warwell et al. 2007, Chang et 
al. 2014). Historically, whitebark pine forests composed about 
10-15% of the upper subalpine zone of the northern Rocky 
Mountains (Arno and Weaver 1990) with around 48% of that 
in wilderness landscapes, but future projections for these iconic 
forests suggest that they may inhabit as little as 0.5-7.0% by 
2070-2100 (Hansen and Phillips 2015). 

In general, there are modes of response to climate change for 
most tree species in western North America: modifi cation, 
contraction, and expansion (synonymous with encroachment in 

this study; Keane et al. 2018). A species may increase or decrease 
in productivity or abundance in situ within its current range due 
to climate change (Ashton 2010; modifi cation). The species could 
also potentially decline in parts of its range where conditions 
change enough to become inhospitable to that species (Allen et 
al. 2010; contraction).  And last, the species could migrate to new 
areas that are now more conducive for establishment and growth 
(Johnstone and Chapin 2003; expansion).  In reality, many tree 
species may respond to future climates via all three modes.  
Conventional wisdom and statistical modeling have predicted 
that whitebark pine will probably contract in range over the next 
century with warmer, drier climates, but may perhaps expand 
into high elevation timberline environments (Koteen 2002, 
Warwell et al. 2007, Chang et al. 2014). However, expert opinion 
and empirical analyses rarely address the complex feedbacks 
and interactions between climate, biophysical environment, 
disturbance, and the tree species. The challenge then is to 
determine the validity of these predictions by measuring early 
responses of whitebark pine to changing climates.  We feel that 
fi eld detection of migration patterns of tree species into new 
environments may provide potential information on the impacts 
of climate change on species response and validate existing 
empirical and simulation modeling study results.

The objective of this case study was to document the 
encroachment (local expansion of species into new habitats) 
of whitebark pine (Fig. 1) into both lower elevation sagebrush 
grassland areas and upper elevation subalpine meadows that were 
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directly adjacent to mature, cone-bearing whitebark pine stands, 
which might provide seeds for dispersal into the two non-forest 
settings.  We sampled seedling, sapling, and mature tree densities 
by species on three study sites in southwestern Montana, USA 
where we found evidence of encroachment either into the upper 
subalpine meadow or lower sagebrush grasslands. This limited 
fi eld assessment only documents whitebark pine encroachment 
into the two non-forest areas, but we speculate on possible 
reasons as to why this encroachment occurred.

Methods

The Tendoy and Beaverhead mountain ranges of southwestern 
Montana USA served as the study area in this project (Fig. 2).  
Lower elevational lands within this area contain mountain big 
sagebrush (Artemisia tridentata ssp. Vasseyana Rydb.) grasslands 

intermixed with dry Douglas-fi r (Pseudotsuga menziesii (Mirb.) 
Franco) and lodgepole pine (Pinus contorta Douglas) forests 
(Pfi ster et al. 1977, Larson 2009), while the upper elevation lands 
contain subalpine meadows and grasslands with forest patches 
of whitebark pine, limber pine (Pinus fl exilis James), subalpine 
fi r (Abies lasiocarpa (Hook) Nutt.), Engelmann spruce (Picea 
engelmannii (Parry) Engelm.), lodgepole pine, and Douglas-fi r. 
Mountain big sagebrush lands had a mean pre-settlement fi re 
interval between 25 to 40 years, but fi re suppression, elimination 
of Native American burning, and livestock grazing in these areas 
have decreased the fi re frequencies and increased the amount of 
dense-canopy mountain big sagebrush. 

Sites in this study were chosen opportunistically by driving and 
hiking throughout the study area and fi nding those areas that 
displayed possible whitebark pine encroachment either uphill into 

Figure 1. Examples of whitebark pine trees encroaching into sagebrush grasslands for the three sites in this study.  a) Photo from 
Morrison site. Edge of mature seed source stand showing whitebark pine encroachment into sagebrush landscape b) Photo from 
Morrison site. Mature cone bearing whitebark pine interspersed on sagebrush habitat c) Photo from potential site in southwestern 
Montana. Downward encroachment of whitebark pine into open sagebrush d) Photo from Morrison site. Seedling and sapling sized 
whitebark pine mixing in with sagebrush. All photos by Sarah Flanary. 

a. b.

d.c.
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subalpine grasslands or downhill into sagebrush grasslands. We 
also used aerial survey imagery from the 1950’s and compared 
it to current aerial products for provide further confi rmation of 
encroachment (Fig. 3). At each sampling site, we established 
plots in the mature seed source stands to quantify seed source 
trees.   At the lower and upper edge of the seed source stand, we 
also installed one 100 m belt transect running downhill into the 
sagebrush grassland and uphill into the subalpine meadow. Each 
belt transect was 100 meters wide and at least 100 meters long 
following the shape of the stand. Within these belt transects, we 
tallied and measured diameter, height, and age of all whitebark 
pine trees (seedlings, saplings, and mature trees).  

Results

In this limited case study, we found whitebark pine encroachment 
into non-forested areas only occurred downslope into the 
drier, warmer sagebrush grasslands rather than upslope into 
the cooler, moister subalpine meadows. This fi nding suggests 
that conventional wisdom and the fi ndings of some statistical 

modeling studies may be incorrect in their future projections 
within our study area.  We found that not only were substantial 
amounts of whitebark pine regenerating downslope in the 
sagebrush grasslands, but the sampled individual trees were 
healthy and thriving as evidenced by the large height growth 
increments, pitch exudations from growth cracks at branch 
origins near the bole, and large diameters in the young trees.  
Some of the young trees were producing numerous cones at 
an early age (<50 yr), which is in contrast to the fi rst cone 
production ages of 60 years documented by Arno and Hoff  
(1990).  Moreover, we found that this encroachment occurred 
over the last 100 years and did not occur as a pulse but rather 
as a gradual increase as evidenced by the wide span in ages 
(Fig. 4). We did not observe any subalpine fi r or Engelmann 
spruce encroachment into either the sagebrush grasslands or the 
subalpine meadows.  We also found abundant non-serotinous 
lodgepole pine and Douglas-fi r seed source stands adjacent or 
near (<500 m) the sagebrush grassland belt transects on all three 
sites but found few of these tree species within the belt transects 
(we found fi ve Douglas-fi r trees within the Harkness sagebrush 
grassland belt transect).  The only tree species successfully 
populating and thriving in the sampled sagebrush grasslands 
was whitebark pine. While we did not sample additional sites 
because of time and funding issues, we are sure there are other 
sites in this expansive area where whitebark pine encroachment 
is occurring.  We also observed many areas in the study region 
where whitebark pine forests bordered sagebrush grasslands and 
there was no detectable encroachment.  Moreover, we failed to 
detect this phenomenon outside of southwest Montana.

The explanation for this limited downward migration of 
whitebark pine remains a mystery.  We speculate that the lack of 
fi re in the southwestern Montana sagebrush grasslands over the 
fi re exclusion era, perhaps since 1860 (Heyerdahl et al. 2006), 
has allowed whitebark pine to expand its range downward in 
elevation, as has been documented by Arno et al. (1993) for 
the Bitterroot Valley in Montana, but this doesn’t explain why 
other tree species in the area failed to migrate into the non-
forested areas.  Whitebark pine seeds are dispersed by a bird, 
the Clark’s nutcracker (Tomback 1998), which can disperse 
seeds great distances (>10 km) allowing whitebark pine a 
dispersal advantage over wind-dispersed species. However, 90 
years is more than suffi  cient to allow wind to disperse seeds of 
whitebark pine’s competitors into sagebrush grasslands.  Still 
more compelling is that few studies have identifi ed sagebrush 
grasslands as reliable or common nutcracker caching habitat or 
suitable whitebark pine regeneration environments.  Sagebrush 
has been known to facilitate some pines (Callaway et al. 1996), 
and many whitebark pine sites have a sagebrush component 
(Arno 2001), but this encroachment facilitation has never been 

Figure 2. Locations of the three sites sampled in this fi eld study 
in the southwest Montana, USA study area: a) Harkness, b) Jeff  
Davis, and c) Morrison sites.
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documented in whitebark pine communities. Mycorrhizae may 
also play a role in the regeneration of whitebark pine in this arid 
area by allowing access to more soil water (Lonergan et al. 2013), 
but many of the other tree species in the area often share the same 
benefi cial mycorrhizae (Mohatt et al. 2008).

Results from this limited case study of three sites in western 
Montana USA indicate that we still have an incomplete 
understanding of what will drive tree regeneration and growth 
dynamics into our uncertain future.  We can anticipate possible 
responses of tree species such as whitebark pine to a warming 
climate, but it will always be diffi  cult to determine the primary 

change agents or factors that infl uence future species populations 
because of the complex interactions among changes in 
disturbance, climate, vegetation, and land management. Further 
investigation is needed in other areas within whitebark pine’s 
range to determine if our measured trend is widespread and if 
other species follow this same expansion downward in elevation 
(Harsch and Hille Ris Lambers 2014). Caution should be used 
when applying climate change projections into land management 
decisions by fully recognizing the uncertainty of future climate 
projections and the great complexity of forested ecosystems. 
This case study serves as evidence of that uncertainty in climate 
change vegetation response projections. 

Figure 3. Aerial photographs showing each of the sampled sites in this study, showing both upper and lower forest margins for the 
three sampling sites: a) Harkness, b) Jeff  Davis, and c) Morrison. Photos on left were taken between 1953-1954 while photos on right 
are a 2018 visual of the same spot. Encroachment is evident in the 2018 visual. Data available from the U.S. Geological Society, 
USGS Aerial Single Frame Archive at earthexploter.usgs.gov

a. Harkness

b. Jeff  Davis

c. Morrison
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