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Introduction

Quaking aspen (Populus tremuloides) is the most widely
distributed native North American tree species and is par-
ticularly abundant in the landscapes of the Intermountain
West (Fowells 1965; Little 1971; Perala 1990). Quaking as-
pen, hereafter called aspen, is found across a range of ele-
vations and in a variety of habitats, from sagebrush-steppe
to mixed-conifer forests and subalpine meadow ecosys-
tems (Perala 1991). Visually striking and therefore im-
portant to people, aspen is ecologically important as one of
the only deciduous trees in the Intermountain West (Figure
1). Aspen communities support a large number and diversi-
ty of understory and overstory plant species (Anderegg et
al. 2012a) and provide habitat for many birds and small
mammals (Loose and Anderson 1995; Kalcounis and
Brigham 1998; Campbell and Bartos 2001). In some nation-
al parks, aspen is one of the 14 “vital signs” monitored for
ecosystem health (Strand et al. 2015). Aspen dieback and
mortality over the past 150 years is a concern across the
western US. However, data are mixed as to the nature and
cause of this decline, which vary spatially (Kulakowski et al.
2013b). Studies at fine spatial scales have indicated nearly
100% decline in localized areas (e.g. Worrall et al. 2008),
whereas analyses at coarse spatial scales across large areas
have shown stable populations (Zier and Baker 2006) or
only small declines (~10%) in the Northern Rockies (Brown
et al. 2006). Reflecting concerns about aspen decline, many
recent studies have been undertaken across the range of
the species to restore the abundance or stabilize existing
aspen populations. This review provides background neces-
sary to understand site-specific aspen decline causes and to
inform restoration planning.

Specific objectives of this review are to address the current
status and future outlook of aspen across a range of eco-
systems in the US Northern Rockies. Specifically, we aim to
answer the following questions:

1) Is aspen declining in the Northern Rockies, and if so

what are the underlying causes?

2) Where should aspen regeneration be prioritized?

3) What factors influence successful restoration?
To address these questions, we reviewed the scientific liter-
ature focusing on aspen in the US Northern Rockies region
and studies published after the reviews by Morelli and Carr
2011, Kulakowski et al. 2013b, Rogers et al. 2014, and For-
est Ecology and Management Special Issue (2013, Vol. 299).

Aspen functional types and regeneration

Though variations exist, two dominant functional aspen
community types are commonly identified: stable and seral
(Rogers et al. 2014; see Figure 2). Stable aspen functional
forest types remain as aspen communities through time.
These include aspen parklands, terrain-isolated aspen
stands, and aspect- or elevation-limited aspen communi-
ties. A seral aspen community begins as an aspen commu-
nity, but over time is replaced by conifer species. The seral
aspen type is often seen in montane and boreal forests. For
effective restoration, identifying the functional type and
associated species is important because seral and stable
aspen stands occupy different landscapes, have different
disturbance histories, and often respond differently to
changing conditions and disturbance events (Rogers et al.
2014). Subdivisions or “community aspen types” within
these two dominant functional types, which depend on
location and associated species, are described in Table 1.

Figure 1. Aspen intermixed with sagebrush/grassland in a foot-
hills location. Aspen is growing where there is sufficient moisture
from springs and winter snowdrifts. Photo courtesy of Diane
Abendroth, National Parks Service (NPS).

Aspen regenerates by both seed and root sprouting, but
clonal root sprouting is the more common mode of regen-
eration (Turner et al. 2003; Mock et al. 2008). Individual
aspen stems are short-lived, normally living 100-150 years,
but aspen clones are long-lived (Shepperd et al. 2001). Ideal
climatic conditions for widespread germination are rare but
have occurred sporadically since the last glaciation (Mock
et al. 2008). Many clones across the US date back to the
last glaciation (Turner et al. 2003), which highlights the pre-
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Figure 2. Fire relationships for aspen functional types with probability of a fire in each functional type on the x axis and the

mean fire severity (also referred to as burn severity) on the y-axis. Stable aspen communities are much less likely to burn and

generally burn at lower severity when a fire occurs. Seral communities burn under a wide range of frequencies and severities,

which are largely determined by location and species associations (From Shinneman et al. 2013).

Table 1. Northern Rockies aspen community or stand types by location, associated species, fire relationships, and functional
type. Adapted from Rogers et al. (2014); Shepperd et al. (2006); Shinneman et al. (2013).

seasonal water-

(Abies magnifica, Picea engelmannii, P. pungens, Popu-

Community or | Environmental Common Associated Species in the Fire Functional
Stand Type Preference US Northern Rockies Relationship Type
Riparian Permanent or Mixed-conifer forests, deciduous/riparian woodlands Fire dependent & | Seral/stable

Fire independent

way lus angustifolia)

Meadow fringe | Dry meadows Low-elevation, open forests (Pinus ponderosa, Fire dependent | Seral
Pseudotsuga menziesii, Juniperus occidentalis)

Upland aspen/ | Away from Mixed-conifer forests (Abies lasiocarpa, A. magnifica, Fire dependent | Seral
conifer streams Juniperus occidentalis, Picea engelmannii, Pinus contor-
(montane) ta, P. ponderosa, Pseudotsuga menziesii)
Upland pure Variable site Aspen stands with little to no conifer encroachment Influenced/ Stable
aspen conditions Independent
Snow Areas of snow Grasslands/shrublands with isolated aspen pockets Influenced/ Stable
pockets accumulation (Artemisia tridentata) Independent




dominance of clonal regeneration in the Rocky Mountains.
However, when the right moisture and soil conditions coin-
cide with low levels of competition, rare establishment
from seed has been documented (Turner et al. 2003, Mock-
et al. 2008). This is discussed in the Yellowstone National
Park Case Study in this review.

Fire regimes

Given the variety of occupied sites, diversity of associated
plant communities, and large geographic range of aspen, it
is difficult to identify a single dominant fire regime or even
a few most prevalent fire regimes (Shinneman et al. 2013).
However, several statements apply to all aspen woodlands,
regardless of their functional type. First, if a fire occurs
within, or spreads into aspen stands, overstory aspen tree
mortality is likely to occur regardless of fire intensity or
flame height. Second, aspen stands are generally not highly
flammable, so fires typically burn with low rates of spread
and low intensities or fail to burn even when surrounding
forests or shrublands burn. Third, where aspen does burn,
the thin bark and low heat tolerance of aspen stems often
results in nearly 100% aboveground aspen mortality. As a
result, few trees survive with fire scars. Finally, aspen often
sprouts prolifically following fires, though this may not be
evident where rates of herbivory are high.

Figure 3. Prolific aspen sprouting a few years after an unplanned
wildfire in mixed aspen and conifer forest (lodgepole pine, subal-
pine fir). Photo courtesy of Jill Randall, Wyoming Game and Fish
Department.

In the past decade, multiple researchers have attempted to
discern the effect of fire on the various functional aspen
community types. Although there are glaringly few fire
studies focused on pure aspen communities, researchers
now recognize that fire potential and burn severity and
effects vary between aspen community types. Some func-

tional types are fire independent, where fire is unnecessary
for regeneration needed for stand replacement, while other
functional types need periodic fire to retain aspen within
the community assemblages. Stable aspen communities are
much less likely to burn and generally burn at low severity if
a fire occurs, whereas seral communities burn under a wide
range of frequencies and severities, and fire potential and
effects are dependent on associated species and location.
The various functional aspen types and their relationship to
fire are illustrated in Figure 2 from Shinneman et al. (2013).

Fire activity in aspen has been influenced by fire suppres-
sion, land use, and, more recently, climate change. As few
studies focus specifically on aspen, most of this information
is inferred from studies primarily focused on nearby conifer
forests. Further, fire effects vary across the broad mix of
associated species, elevations, sites occupied, and cover
types within and surrounding aspen. Aspen at lower eleva-
tions and in more dry community types has likely seen an
increase in burn severity from historical to current fire re-
gimes, while aspen at wetter and higher elevation sites has
likely not experienced a dramatic change from the historical
fire regimes (Fule et al. 2003; Westerling et al. 2006; Littell
et al. 2009).

Causes of aspen mortality

Aspen mortality and dieback on the landscape is often influ-
enced by a combination of factors. Aspen is adapted to dis-
turbances, but it often succumbs to mortality when disturb-
ances are severe or there are multiple interacting disturb-
ances. Ungulate browsing, lack of fire, drought, and climate
change are considered the primary drivers of aspen decline
and die off.

Excessive browsing on immature stems by ungulates is a
common cause of aspen decline. Intensive, repeated brows-
ing by cattle, sheep, elk, and deer stunts aspen growth and
often kills aspen sprouts and prevents recruitment of new
stems into the overstory (Foster et al. 2007; Kulakowski et
al. 2013b; Seager et al. 2013; Beschta et al. 2014). Repeated
browsing can lead to a loss of stable aspen community
types by inhibiting growth of new aspen stems, which re-
sults in aging stands (Seager et al. 2013; Rogers and
Mittanck 2014) and can mean sharp declines in overstory
aspen density (Kimble et al. 2011). Because aspen has fairly
short-lived stems, the loss of young stems can have a large
impact on the community assemblage in a short time peri-
od (Seager et al. 2013). Similarly, herbivory can lead to ear-
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Figure 4. Browsed aspen in Grand Teton National Park 10 years
after prescribed fire in an area with year-round elk use. Photo
courtesy of Diane Abendroth, NPS.

lier onset of conifer encroachment in seral aspen communi-
ties (Seager et al. 2013). The ungulate-aspen relationship is
so strong that some have linked large elk populations to
lower aspen recruitment (Rogers et al. 2015).

‘Sudden aspen decline’ (SAD) is a term commonly used to
describe rapid and synchronous branch dieback, crown
thinning, and mortality of aspen stems over multiple years
on a landscape scale in the absence of stem resprouting or
regeneration (Worrall et al. 2010; Anderegg and Anderegg
2013). Sometimes entire clones or the complete under-
ground network of roots connecting above-ground stems
can be lost to SAD. Causes of SAD are wide ranging and in-
clude climate changes, multi-year droughts, seasonal
droughts, and/or insect or pathogen outbreaks (Steed and
Kearns 2010). By 2008, SAD impacted 220,000 ha or 17% of
the aspen cover type in Colorado (Worrall et al. 2010),
while aspen stands in Utah, Nevada, and western Wyoming
experienced as much as 31% dieback (Morelli and Carr
2011). Additional large and recent SAD events have been
observed in Arizona (Fairweather et al. 2008; Zegler et al.
2012) and across the southwestern US (Morelli and Carr
2011). Though some localized SAD events were reported in
the Northern Rockies and southern Canada (Bartos and
Campbell 1998; Frey et al. 2004; Hogg et al. 2008), these
events have been larger and more recent in the southern
aspen range (Morelli and Carr 2011).

Both SAD and more gradual decline are often attributed to

fire and climate change, but because fire histories and
patterns of regeneration differ between the seral and stable
functional aspen types, these contributors to decline vary
by functional type. Stable aspen communities, which are
largely fire resistant, experience tree self-replacement with-
out disturbance and historically burned only under extreme
fire weather conditions (Kurzel et al. 2007; Shinneman et al.
2013). Historically, regeneration in seral type communities
was largely driven by large disturbances. Today, fire sup-
pression and conifer competition are major causes of
change in aspen populations in seral functional aspen
stands (e.g. DeByle et al. 1987; Kay 2001; Kulakowski et al.
2006; Strand et al. 2009).

Fire suppression across the western US has resulted in the
conversion of many seral aspen stands to conifer-
dominated forests through gradual infilling (Rogers and
Mittanck 2014). However, it is important to note that while
fire suppression and land use have changed the fire fre-
quency in many dry forests, there have been fewer effects
of fire suppression on the fire frequency in cold, high-
elevation forests where the intervals between fires were
historically much longer (Schoennagel et al. 2004). In seral
aspen stands, competition between aspen and conifers neg-
atively impacts aspen growth and increases overstory stem
mortality more in older than in younger stands (Kaye et al.
2005; Calder and St. Clair 2012). Seral aspen stands can be
replaced by conifers in the absence of disturbances as as-
pen stems age, but disturbances help stands resist conifer
dominance by increasing the abundance of young stems in
the absence of heavy herbivory.

Figure 5. Conifer encroachment in an aspen stand as a result of a
long fire-return interval on the BTNF. Photo courtesy of Diane
Abendroth, NPS.



Climate change, through changes in water availability and
drought, is influencing aspen decline and stem mortality
(Anderegg and Anderegg 2013; Rogers and Mittanck 2014),
and geographic shifts to remain within optimal climate en-
velopes are likely altering aspen growth patterns (Rehfeldt
et al. 2009; Worrall et al. 2013). Climate envelopes describe
the climatic environment where a species can survive and
grow, and can include seasonal or annual measures of pre-
cipitation, temperature, and drought (e.g., Worrall et al.
2013). Given the large geographical and elevational range
of aspen, the climate envelope is variable across the species
range (Greer et al. 2016); however, individual clones are
subject to mortality as changing climate alters site-specific
climatic conditions. Dieback has been observed for drought-
stressed aspen on many sites across the western US (Rogers
et al. 2010; Ganey and Vojta 2011; Hanna and Kulakowski
2012; Huang and Anderegg 2012). Though it is postulated
that aspen and other tree species are most at risk in transi-
tional zones or at the edge of their geographic ranges
(Ganey and Vojta 2011; Worrall et al. 2013), aspen die-back
has been observed across the range of the species, not only
in climatically marginal areas (Allen et al. 2010; Hanna and
Kulakowski 2012). Climate change is expected to continue
to impact aspen and result in continued mortality (Rehfeldt
et al. 2006, 2009; Bell et al. 2014).

Climate variability can also have compounding effects on
aspen growth. Low snowpack may alter ungulate behavior
such that winter browsing on aspen increases (Brodie et al.
2012). This is a concern in the Northern Rockies, given pre-
dictions of earlier onset of spring weather conditions
(Westerling et al. 2006) and projected changes in snow/rain
dynamics in the coming decades (McCabe et al. 2007). Klos
et al. (2014) project that by mid-21st century, the US North-
ern Rocky Mountain region will see greater than 50% reduc-
tion in land area dominated by snow in the winter and few-
er snow-dominated winter months. This could impact aspen
occupying dry, low-elevation habitats as well as ‘snow pock-
et’ aspen (Table 1), which rely on slowly released water
from snow packs during dry, early summer months.

Several other factors impact aspen mortality but are consid-
ered secondary agents that often work in concert with
drought, such as wood boring insects and fungi (Kashian et
al., 2007; Fairweather et al., 2008; Marchetti et al., 2011).

Regional status

The US Northern Rockies are uniquely situated in the mid-

dle of the aspen range, and aspen communities in the
Northern Rockies are some of the most genetically and
structurally diverse (Callahan et al. 2013). This region sup-
ports both stable and seral aspen types that regenerate
from root sprouts and seeds (Callahan et al. 2013). Perhaps
because of the functional diversity of aspen in the Northern
Rockies, SAD was not prevalent in the forested regions of
Montana and northern Idaho in the 2010 Forest Health Pro-
tection report (Stead and Kerns 2010). However, slower,
more gradual aspen decline was still observed in the ab-
sence of fire and conifer encroachment in the Northern
Rockies (Steed and Kearns 2010).

Successful restoration

Successful aspen restoration depends on several key fac-
tors, many of which are interrelated. First, identification of
the aspen community and functional type helps to identify
strategies for restoration (Rogers et al. 2014; Table 1). For
example, reintroduction of fire into seral functional types
may promote aspen growth, but this may not be necessary
for stable aspen communities. Additionally, given the exten-
sive impact of ungulates on aspen regeneration, the suc-
cessful reintroduction of fire to promote regeneration is
more likely in areas with low ungulate densities. In the
Northern Rockies, recommendations for encouraging aspen
growth and dominance include increasing disturbances in
seral community types that are currently dominated by
lodgepole pine (Pinus contorta) and other conifers. Retain-
ing or promoting early seral communities of aspen through
the reintroduction of fire may be most successful on wetter,
north-facing and/or high-elevation sites, where water avail-
ability is favorable for successful aspen establishment, re-
generation, and growth (Bollenbacher et al. 2014).

Excluding browsing (through fencing or deferred livestock
grazing) until aspen stems reach 6.5 feet (2 m) tall has im-
proved aspen restoration success, especially in areas with
high elk densities (Rogers and Mittanck 2014). However,
building tall fences is costly and time intensive, so these
efforts should be focused on optimal growing sites. If exclo-
sures are not possible, consider larger treatment areas. On
active grazing allotments, consider a rest season immedi-
ately following treatments.

Discussions between federal and state resource specialists
and stakeholders during planning and implementation
phases of aspen restoration promotes investment in resto-
ration projects and increases the likelihood of restoration
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success. A commitment to monitoring pre- and post-
management is also critical to restoration success. Long-
term monitoring and revisiting permanent plots is neces-
sary to accurately track the state of individual aspen com-
munities and types. Furthermore, this will continue to im-
prove the understanding of the effectiveness of various
restoration efforts, as well as both vegetation and fire man-
agement (Strand et al. 2015).

Case study 1: Yellowstone National Park -
Establishment after Ungulates, Carnivores,
and Wildfire

In the Greater Yellowstone Ecosystem (GYE), aspen loss or
death was about 10%, which is substantial considering as-
pen’s great ecological importance and relative scarcity (1-
2% of the GYE) (Brown et al. 2006). In addition to its aspen
diversity, the fire and management history of the GYE
makes Yellowstone an interesting case study for aspen re-
covery. The past wolf extirpation and then successful wolf
reintroduction allowed for a direct study of the multi-level
interactions between elk, wolves, and aspen (Romme et al.
2001). Before the reintroduction of wolves, the elk influ-
ence on aspen populations was documented in the area
through long-term use of elk exclosures (Halofsky and Rip-
ple 2008; Beschta et al. 2014). Halofsky and Ripple (2008)
demonstrated continued aspen regeneration within the
exclosures, but no aspen regeneration outside the exclo-
sures after wolf extirpation in 1920. Successful aspen re-
generation began outside of the elk exclosures following
wolf reintroduction in the 1990s. Successful aspen regener-
ation in recent decades in Yellowstone has been linked to
the reintroduction of wolves and the resulting changes in
populations and behavior of elk (Ripple and Larsen 2001;
Kauffman et al. 2010, 2011; Eisenberg et al. 2013). It has
long been a recommendation that one vital way to restore
aspen communities is to reintroduce and restore carnivore
populations (White et al. 1998).

Large wildfires in Yellowstone in 1988 provided an oppor-
tunity for landscape-scale analysis of post-fire aspen recov-
ery. Aspen establishment from seed instead of clonal re-
generation was observed and confirmed in Yellowstone
following the 1988 wildfires (Turner et al. 2003). Genetic
studies in Yellowstone confirmed that the widespread, yet
patchy expansion of aspen was due to seedling establish-
ment and not clonal sprouting (Tuskan et al.1996; Romme
et al. 2011). These events were largely linked to ideal cli-

mate and site conditions following the large fires (Turner et
al. 2003). Following the 1988 fires, the highest density of
aspen seedlings occurred in forested areas on low-
elevation, south-facing slopes with shallow soils that
burned with high severity (Turner et al. 2003). Proximity to
adult aspen clones was also important, with higher seedling
densities downwind of and closer to aspen trees that sur-
vived the fires.

Case study 2: Bridger Teton National Forest
and Grand Teton National Park - Prescribed
Fire and Restoration

In western Wyoming, managers have used prescribed fire
for decades to set back succession in aspen stands for the
benefit of wildlife and for vegetation diversity. Many pre-
scribed fires, including some that have resulted in crown
fires have been conducted in the Bridger-Teton National
Forest (BTNF) and Grand Teton National Park (GTNP). A fire
effects monitoring program has tracked the effects of these
burns for over 15 years.

Aspen stem regeneration was variable following prescribed
fire and/or cutting treatments, but generally density in-
creased with burn severity and was greatest on sites with
high pre-treatment aspen density. Treatment success was

Figure 6. Patchy aspen regeneration two years following a pre-
scribed fire conducted in high fuel loads on the BTNF. Fire effects
were severe but aspen sprouting still occurred. Photo courtesy of
Diane Abendroth, NPS.

defined by dominance of young aspen trees and a reduc-
tion in conifer tree density in the decades after the treat-



ments. Aspen regeneration had to exceed the height of un-

gulate browsing (10 ft (3.05 m)) in order to meet restora-

tion objectives. Monitoring objectives also included an ade-
guate regenerating aspen stem density of 1000 stems/acre
above this height for successful restoration. Adequate as-

pen stem heights and densities were not often seen until 15

or more years after treatment. Other general findings and

recommendations from BTNF and GTNP restoration treat-
ments of seral aspen communities include:

e Pre-burn cutting of conifers and overstory aspen creat-
ed a temporary fuel bed, which could increase burn
severity for up to 3 years. Moist or cold weather burn-
ing facilitates less complex prescribed fire operations.

e  Cutting conifers alone can promote aspen stem recruit-
ment but typically results in sprout densities lower than
that of burned stands.

e Spring burning of aspen stands can achieve moderate
burn severity if understory shrubs are dormant and
sufficiently dense.

e High-severity burns appeared to produce new stems
that were more palatable and otherwise attractive to
ungulates, especially in the first year. These young
sprouts were very vulnerable to browsing.

e Low-severity burns did produce regenerating stem den-
sities of more than 3000/acre, but post-fire stem densi-
ties were often variable.

e Browsing up to 30% of aspen stems each year during
the dormant season did not appear to jeopardize aspen
stand recruitment.

e If regenerating aspen stems reached 3 feet (1 m) or
more in height within 5 years of fire they were likely to
reach tree height even in the presence of ungulates.

e Roughly 3000 stems per acre (or more) are necessary
by the 2nd post-fire year to reach long-term objectives
of 1000 aspen stems per acre 15 years after treatment.

Conclusions

These case studies highlight two modes of restoration: pas-
sive and active. While much more research is needed to
fully understand aspen dieback and successful restoration
methods, these offer some possibilities. However, these
case studies represent only one part of the Northern Rock-
ies and successful restoration may differ with varying site
conditions across the region.

The widespread fires of recent decades (Morgan et al.
2008, 2014) and forecast for larger and more frequent fu-

ture fires (Littell et al. 2009) may benefit seral aspen stands
where post-fire herbivory is not too heavy. Repeated or
interacting forest disturbances (wildfires, bark beetle out-
breaks, wind, and logging) may also benefit seral aspen
stands through mortality of conifers. Disturbances in quick
succession can reduce conifer seed sources, thus limiting
competition for aspen sprouts, assuming below-ground
aspen roots survive these disturbances (Kulakowski et al.
2013a). However, whether aspen increases or decreases
over time depends, in part, on the aspen functional type
and how it responds to changing climates, disturbances and
restoration treatments.

Aspen is diverse in its fire regimes, functional types, and
associated species. Because of this variability, we are only
beginning to understand its complex ecology. However, we
have several tools to effectively manage for the future via-
bility and restoration of aspen. Climate change, land use
changes, increasing browsing pressure, and changing fire
regimes have left many aspen stands vulnerable to habitat
loss. In the US Northern Rockies, aspen populations have
not suffered from SAD or other extensive die-back as se-
verely as other western states have, and within the North-
ern Rockies, several case studies of aspen recovery exist.
However, it is still a species of high concern given its ecolog-
ical importance and potential for decline in the coming dec-
ades. Several researchers and managers have begun to es-
tablish guidelines and recommendations for restoration
best practices such as those outlined above for the BTNF
and GTNP. There is no one-size-fits all model for aspen re-
tention and/or restoration, and many factors such as func-
tional type, browsing pressure, and stakeholder priorities
need to be acknowledged and considered for successful
retention and restoration.

Additional aspen information sources include -
Western Aspen Alliance

Fire Effects Information System - Aspen Studies

2012 Society for Range Management Aspen Symposium
Northern Rockies Fire Science Network

e Research & Publications Database
e \Webinar & Video Archive


file:///C:/Users/coreylgucker/Documents/20160119-FEIS practice(3886947357)
https://www.feis-crs.org/feis/
https://www.youtube.com/playlist?list=PL3LggBXNsqgumuS1eozyyyF4kMWYstv_7
http://nrfirescience.org/resources
http://nrfirescience.org/webinar-archive
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