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+ INTRODUCTION

Many scientists predict that due to the quick
response of fire regimes to changes in climate
(Flannigan et al. 1998; Stocks et al. 1998), the most
rapid and extensive effects of climate change will be
mediated by altered disturbance regimes (Davis and
Botkin 1985; Franklin et al. 1992; Graham et al.
1990; Weber and Flannigan 1997). Under climate
scenarios expected for CO, doubling, Price and Rind
(1994) predict a 44% increase in lightning-caused
fires and a 78% increase in total area burned for the
U.S.. Although regional climate scenarios are still
subject to a fairly high degree of uncertainty, regional
predictions for Yellowstone National Park (YNP)
estimate an increase in aridity (Balling et al. 1992)
and mean July temperatures (Bartlein et al. 1997),
suggesting that fire frequencies could significantly
increase in YNP over the next century.

While several models have simulated the
response of western coniferous forests to altered fire
regimes (Baker et al. 1991; Gardner et al. 1996;
Keane et al. 1990; Keane et al. 1995; Romme and
Turner 1991), little empirical work on the
successional responses to different intervals of stand-
replacing fire has been incorporated, and remains a
critical element in predicting the effects of
climatically altered disturbance regimes in forested
landscapes.  Previous work in Yellowstone has
considered the effects of fire severity, fire size and
level of serotiny in explaining initial pathways of
postfire succession across the Yellowstone landscape
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(Turner et al. 1994; Turner et al. 1997). The effects of
the third component of the disturbance regime, fire
interval, remains largely unexplored, and represents a
fundamental link in predicting potential effects of
climate change on the Yellowstone landscape.

The specific objectives of our research,
therefore, were to assess: Are there a significantly
different  successional responses following
different intervals of stand-replacing fire in
Yellowstone National Park? Because serotiny
exerts a strong influence on initial post-fire
succession in Yellowstone (characterized by
variation in lodgepole pine densities), we also sought
to track stand-level changes in serotiny over time. In
order to flesh out a possible mechanism for why
postfire succession may vary depending upon the age
at which the stand burns we asked: What is the
temporal variation in lodgepole pine serotiny
within the park?

4+ METHODS

Yellowstone  provides an  excellent
laboratory for examining the effects of fire regimes
on successional patterns. The large-scale fires of
1988 coupled with park records of historical fires,
allowed us to compare sites that all burned in 1988,
but vary in terms of when they burned prior to 1988,
providing a useful sampling design for testing the
effects of fire interval on initial post-fire succession.
Using historical fire maps and park-wide aerial
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photos (1:30000), we mapped overlays of historic
fires with the 1988 fires onto topographic maps
(1:24000), to identify and delineate plots of known
fire interval. Next to each plot of known fire interval,
we sampled an adjacent plot of unknown fire interval,
where the fire previous to 1988 occurred earlier than
park records, allowing us to extend the range of fire
intervals sampled beyond that covered by park
records. We cored 6 of the largest trees in each plot
to confirm or estimate the length of the fire interval.
Pairing plots allowed us to reduced environmental
variation across plots, to better reveal the effect of
fire interval on successional patterns.

In each plot, we recorded sapling densities
by species in four 2m x 50m belt transects. We also
sampled the diversity and abundance of understory
species (shrubs, forbs, grasses) by estimating percent
cover by species within forty 1/4m” quadrats along
the four transects. Adjacent to these fire interval
plots, yet outside the 1988 burn perimeter, we
sampled percent serotiny in unburned stands that
originated from the fire previous to the 1988 fire, to
estimate percent serotiny present in the fire interval
plots when burned in 1988. Location of these serotiny
plots was also based on the mapping process
described above, with ages confirmed by coring.
Percent serotiny was estimated in these adjacent
unburned areas, by scoring 20 trees within each of
three 10m radius circles for the presence of
serotinous cones (see (Tinker et al. 1994 for details).
We sampled a total of 50 fire interval plots (25 pairs)
for sapling densities, and 50 unburned plots to
estimate stand-level percent serotiny and to chart how
this varies with stand age.

+ RESULTS AND DISCUSSION

Postfire successional patterns on the high,
infertile subalpine plateaus in Yellowstone are
largely characterized by variation in lodgepole pine
(PICO) densities. We found significant differences
in lodgepole pine densities between paired fire
interval plots (paried t-test, p-value = 0.009). When
‘we unpaired the data, we also found significant
differences among plots grouped by fire interval,
with very short intervals (7-50 yrs) resulting in the
lowest densities, and moderate fire intervals (51-160
years) resulting in the highest mean densities of all
three groups (Figure 1), suggesting nonlinear
successional responses across the broad range of fire
intervals sampled (7-395 years).
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Figure 1. Differences in Lodgepole pine densities (LOGPICO)
following different intervals between stand replacing
fires. Fire Intervals: Short : 7-50 yrs, n= 20; Medium:
51-160 yrs, n=15; Long: 161-395 yrs, n = 15.

Levels of serotiny within the pre-fire stand
have been shown to be significant in predicting post-
fire lodgepole seedling densities in Yellowstone
(Turner et al 1997). Serotiny is a variable condition
in inland lodgepole pines (Pinus contorta var.
latifolia), which dominate the subalpine plateau of
YNP. Serotinous individuals produce cones that
remain closed at maturity, and only when heated by
fire do the cones open, releasing numerous seeds onto
newly exposed mineral soil. Although serotiny is
known to vary spatially across the Yellowstone
landscape, our research reveals that in areas where
serotiny is present, significant differences in percent
serotiny are correlated with stand age (Figure 2).
Such temporal variation in serotiny strongly
influences postfire lodgepole pine densities following
fires of different interval.
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Figure 2. Differences in percent serotiny between paired unburned
stands. Lines connect levels of serotiny between two stand of
different age at one geographic location. Solid lines connect 12
paired sites that exhibited increased serotiny with stand age.
Dashed lines represent 4 paired sites that exhibited decreased
serotiny with stand age. 9 sites exhibited no change in serotiny (<4
percentage points difference in serotiny).

Total cover and species richness for
understory species showed no significant differences
between paired plots or across the range of fire
intervals sampled, however, some individual groups
or particular species exhibited significant trends. For
example, shrubs were significantly higher following
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long fire intervals, while forbs and grasses showed no
trend. Vaccinium sp. and Heiracium sp., which are
common in the understories of mature lodgepole pine
forests, also increased significantly with fire interval.
Opportunistic species such as Gayophytum diffusum,
however, were highest following the short interval
burns.

+ SUMMARY AND FURTHER WORK

Overall, our results indicate that the pattern
of initial succession in Yellowstone National Park is
contingent on variation in both the spatial and
temporal patterns of fire regimes. Serotiny strongly
influences successional responses to fire interval and
may in fact have been shaped by the spatial and
temporal character of past fire regimes. We are
currently trying to link fire history to patterns of
serotiny in the park.

Although we cannot predict how climate
will change in Yellowstone over the next century,
understanding successional responses to a range of
fire intervals will provide a framework for
understanding how the system may respond to
potential alterations in the temporal component of the
disturbance regime. Based on the empirical work
described here, we plan to address this question in
detail within a modeling environment.
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