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+ INTRODUCTION 

An unexpected consequence of the 1988 
Yellowstone fires was the widespread establishment 
of seedlings of quaking aspen (Populus tremuloides) 
in the burned forests, including areas outside the 
previous range of aspen (Kay 1993; Romme et al. 
1997). Although aspen is the most widely 
distributed tree species in North America (Powells 
1965), it is relatively uncommon and localized in 
distribution within YellowstOne National Park 
(Despain 1991). Most aspen stands in Yellowstone 
are found in the lower elevation landscapes in the 
northern portion of the park, and the species was 
absent - prior to 1988 - across most of the high 
plateaus that dominate the southern and central park 
area. Aspen in the Rocky Mountain region 
reproduces primarily by means of vegetative root 
sprouting. Although viable seeds are regularly 
produced, establishment of seedlings in the wild is 
apparently a rare event due to the limited tolerance 
of aspen seedlings for desiccation or competition 
(e.g., Pearson 1914; McDonough 1985). In the 

immediate aftermath of the 1988 Yellowstone fires, 
there was a brief "window of opportunity" for aspen 
seedling establishment, as a result of abundant aspen 
seed production, moist weather conditions in spring 
and summer, and bare mineral soil and reduced 
plant competition within extensive burned areas 
(Jelinski and Cheliak 1992; Romme et al. 1997). 

We initiated this 3-year study in 1996 to 
address four questions about the aspen seedlings 
now growing in burned areas across the Yellowstone 
Plateau: (1) What are the broad-scale patterns of 
distribution and abundance of aspen seedlings across 
the subalpine plateaus of Yellowstone National 
Park? (2) What is the morphology and population 
structure -- e.g., proportions of genets (genetic 
individuals that developed from a single seed) and 
ramets (vegetative root sprouts produced by a genet) 
of various ages - in aspen seedling populations? (3) 
What are the mechanisms leading to eventual 
persistence or extirpation of seedling populations 
along an elevational gradient, particularly with 
respect to ungulate browsing and plant competition? 
( 4) What is the genetic diversity and relatedness of 
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the seedling populations along gradients of elevation 
and substrate? 

+ METHODS 

We addressed the first question (broad-scale 
patterns of distribution and abundance) by sampling 
distances of 1 · - 17 km along 18 foot trails 
distributed throughout the burned portions of the 
subalpine plateaus within Yellowstone National Park 
(Table 1a). We counted the number of aspen 
seedlings within 2 meters on either side of the trail, 
and also recorded details of elevation, aspect, slope, 
and fire severity (unburned, lethal [stand-replacing] 
burn, or non-lethal burn in 1988) for each 10 - 500 -
meter segment of the trail. The trailside data were 
analyzed using logistic regression and ANOV A, 
which enabled us to develop predictions of aspen 
seedling occurrence and density as functions of bum 
status (burned vs unburned), elevation, substrate, 
topographic position, and geographic location within 
the park (Reed et al. 1997a). We also established 
small permanent plots 20 meters off the trail every 
few kilometers, and measured aspen seedling 
density, height, and basal diameter within these 
plots. The plots will be re-measured annually for at 
least the next 2 years to document survival and 
growth under a range of conditions of elevation, 
topographic position, substrate, and browsing 
intensity. Finally, we flew over the subalpine 
plateaus of southern, western, and central 
Yellowstone National Park in September, 1996, and 
mapped the locations of all visible adult aspen stands 
(conspicuous at that time of year because of yellow 
leaves) that could be potential parents of the 
seedlings. 

For the second question, we excavated 
aspen seedlings and associated ramets at five study 
areas across the subalpine plateaus of Yellowstone 
National Park (Table lb). At two of these study 
areas, we completely removed 20 individuals by 
carefully excavating along the roots. These 
sampled individuals were measured in the field 
(stem length, maximum root length and depth, 
number of ramets), then returned to the lab where 
they were dried and weights of roots and shoots 
determined. In the other three study areas, we 
mapped all of the aspen stems within an area of 50 -
300m2

• We then partially excavated each stem to 
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detect physical connections between stems (ramets), 
but did not remove plants from the ground. For 
each stem we determined age (from bud scale scars) 
and number of ramets, and we collected a small leaf 
sample for genetic analysis (Reed et al. 1997b). 

We used an experimental approach to 
investigate mechanisms of persistence or extirpation 
of aspen seedlings (question #3). At each of three 
different locations within ,burned forests (Table lc), 
we fenced 13 small plots (100- 500 m~ to exclude 
ungulates, by means of double-stranded wire 
attached to standing fire-killed trees. In each plot 
we mapped 12 - 24 aspen seedlings (to allow re­
measurement of the same plants in future years) and 
measured plant height, basal diameter, age, and 
number of leaves in late August, 1996. These plants 
will be re-measured annually for at least the next 
two years to detect responses to the experimental 
treatments. Experimental treatments at each of the 
three locations included: clipping of aspen plants to 
simulate elk browsing (3 plots); removal of 
lodgepole pine and herbaceous plants within 1 meter 
of the measured aspen plants by means of cutting 
and herbicide, to remove potential plant competitors 
(3 plots); clipping plus removal of competitors (3 
plots); and no clipping or competitor removal (3 
plots). In the 13th plot we pruned several individual 
aspen seedlings and removed local competitors to 
see if we could induce growth into tree form (most 
of the aspen seedlings are now growing in a shrub­
like form, with several branches arising low on the 
main stem and a maximum height of only 0.5 - 1.0 
meter). 

To investigate the genetic structure of the 
aspen seedling populations (question #4), we 
collected small discs from young leaves at the five 
locations where seedling morphology and population 
structure were sampled (Table lb) and in the 
permanent plots associated with the trailside surveys 
(Table la). We also collected leaf discs from 
several adult aspen clones representing possible seed 
sources of the aspen seedlings on the subalpine 
plateaus. These adult clones were located around 
the margins of the Yellowstone Plateau, or in 
unusual habitats upon the plateau (cliffs, talus 
slopes, and lake shores having a southern exposure). 
The leaf samples were returned to the laboratory and 
analyzed by means of RAPD -- a "DNA 
fingerprinting" technique (Tuskan et al. 1996). 
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Table 1. Locations of aspen seedling study areas in Yellowstone National Park (see-text for details). 

a. Trailside surveys 

Cascade/Grebe/Wolf Lake 
Cygnet Lakes 
Two Ocean Plateau 
Two Ocean Plateau spur 
Lewis River Channel 
Pitchstone Plateau 

b. Momhology and population structure 

Riddle Lake 
Shoshone Lake 
Mount Homes 
Heart lake 
Mallard Creek 
Mallard Lake 

near Mallard Creek trailhead (excavation) 
near Old Faithful water treatment plant (excavation) 
near Fern Cascades (mapping and excavation) 
near western end of Old Fountain Trail (mapping) 
near Lewis Lake (mapping) 

c. Mechanisms of persistence or extimation 

Fern Cascades 
Little Firebote Meadows 
Outlet Creek 
Trail Creek 
Summit Lake 
Harlequin Lake 

Fountain site: near western end of Old Fountain trail (low elevation ... within pre-
1988 range of aspen) 

Fern site: near Fern Cascades (mid elevation . .. outside pre-1988 range of aspen) 
Lewis site: near Heart Lake trailhead (high elevation .. . outside pre-1988 range of 

aspen) 

+ RESULTS 

Analysis of the trailside aspen seedling data 
revealed that aspen seedlings were present only in 
areas that had burned in 1988. Within burned areas, 
the best predictors of aspen seedling presence and 
abundance were: elevation (higher probability of 
presence and higher density at lower elevations), 
distance to nearest adult aspen (higher probability 
and density at shorter distances), geographic region 
of the park (highest probability and density in the 
south-central and southwestern regions), and the 
interaction between elevation and distance. Using 
these relationships and the geographic data-bases 
within a GIS environment (GRASS), we developed a 
map of Yellowstone National Park showing 
predicted seedling densities throughout the burned 
areas (Reed et al. 1997a), and will test these 
predictions with additional trailside surveys during 
subsequent field seasons. 

Within the five study areas where aspen 
seedling morphology and population structure was 
examined (Table 1b), the majority of stems (58%) 
had originated in 1989 or 1990 (Reed et al. 1997b). 
The proportion of stems originating in each year 
from 1989 to 1996 decreased in an approximately 
negative exponential curve. Most stems were 
individual genets; we found few physical 
connections between -stems (12 out of 157 sampled 
stems), and genetic analysis showed distinctive 
genotypes in most individuals. Mean maximum root 
length ranged from 31 - 122 em. The plants were 
shallowly rooted, with mean maximum root depths 
of 13 - 29 em. Total plant weights were 1.8 - 6.2 
grams, and the mean proportion of plant biomass 
allocated to roots ranged from 33-43 %. 

We measured the plants · within the 
experimental plots (Table 1c) in late August, 1996, 
but will not perform analyses on these data until the 
plants are re-sampled in 1997. Genetic samples 
were collected, but analyses are not yet complete. 
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+ DISCUSSION 

We have taken advantage of a rare "natural 
experiment" - the 1988 Yellowstone fires -- to 
investigate the responses of plant populations to 
large, infrequent disturbances. The results of this 
study may provide insights into likely effects on 
wildland ecosystems of other kinds of stresses and 
disturbances in ·the future, e.g., global climate 
change or altered fire regimes (Graham et al. 1990, 
Romme and Turner 1991). For long-lived, clonal 
plant species like aspen, either vegetative 
reproduction via root sprouting or sexual 
reproduction via seedling establishment may be 
effective for local re-establishment after disturbance. 
However, only seedling establishment is effective 
for long-distance dispersal and for broad-scale shifts 
in distribution of the species (Eriksson 1992) - as 
may be necessary in the face of future climate 
change or habitat alteration in the northern Rocky 
Mountain region. 

The results of this current study have 
verified some earlier ideas about the aspen seedlings 
that became established after the 1988 Yellowstone 
fires, e.g., that seedlings are restricted to burned 
areas, that they are most abundant in the west­
central and southwestern portions of the park, and 
that most germinated within the first two years after 
the fires (Romme et al. 1997). However, the more 
detailed observations and analyses that we completed 
in 1996 have revised some of those earlier ideas. 
For example, we found that a low level of seedling 
establishment probably continued for several years 
after the fires rather than being confined to the first 
two years (cf. Kay 1993), that few of the new aspen 
genets have produced ramets, and that seedling 
density is significantly correlated with elevation and 
distance to potential seed source as well as 
geographic region. 

Two key questions remain unanswered: (1) 
Will the new aspen genets that established on the 
subalpine plateaus after the 1988 fires persist and 
effectively expand the range of aspen beyond what it 
was before 1988? Or will they succumb to ungulate 
browsing, competition from developing new stands 
of lodgepole pine, climatic constraints, or a 
combination of these factors, and gradually 
disappear from the Yellowstone landscape with no 
long-lasting ecological effects? (2) Where did the 
seeds come from that germinated to produce the 
aspen seedlings now growing outside the pre-1988 
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range of the species? Do the parents have a tree-like 
morphology or are they shrubs? Do the seedlings 
and their parents represent a broad spectrum of 
genetic diversity, or a limited sample of genotypes? 
Will genetic makeup be an important predictor of 
the ultimate survival or extinction of individual 
aspen seedlings across the Yellowstone landscape? 

It may be many years before we have final 
answers to these questions. However, the long-term 
experimental plot studies and the genetic studies that 
we initiated in 1996 will help us understand the 
structure and dynamics of the aspen seedling 
populations, as well as the ecological mechanisms 
(e.g., ungulate browsing and plant competition) that 
will determine their eventual roles in the 
Yellowstone landscape. 
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