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INTRODUCTION

The 1988 forest fires in the greater Yellowstone area were sufficiently large
and intense to attract the attention and concern of a worldwide audience.
Numerous questions were generated concerning the influence of fire on
ecosystem processes and the appropriateness of specific fire management prac-
tices. Wildland managers throughout the country now are faced with impor-
tant decisions concerning the appropriate role and management of high-
intensity fire in natural ecosystems (Philpot and Leonard 1988).

The principal management goal in Yellowstone National Park (YNP) is to
maintain as natural an ecosystem as possible, and to eliminate or compen-
sate for the influence of modern man (Houston 1971, Despain et al. 1987).
Because high intensity fires are a natural part of the Yellowstone system, it
follows that they should be allowed to play a role if possible. We need to
understand more fully the ecological role of such infrequent but extensive
and severe disturbances. Large, nearly pristine wilderness areas such as YNP
are almost the only places where we can study these large fires without un-
duly threatening other lands where fire is unwanted. In this paper we first
summarize our current knowledge about the high-intensity fire regime that
characterizes the Yellowstone landscape, and then discuss some of the
challenges and opportunities for fire management in YNP.

THE YELLOWSTONE FIRE REGIME

Our understanding of fire in the Yellowstone system is based on (i) analyses
of changes in fuel conditions during forest succession, (ii) observations of
uncontrolled fires from 1972-1988, and (iii) reconstructions of fire history since
1690. We briefly summarize each of these in turn.

Successional Changes in the Fuels Complex

Successional stage is an important determinant of fuel quantity and struc-
ture in subalpine forests dominated by lodgepole pine (Pinus contorta Dougl.
var. latifolia Engelm.) that cover most of YNP. The general successional se-
quence following stand-replacing fires (crown fires or severe surface fires that
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kill all or most of the above-ground vegetation) has been determined by sam-
pling a chronosequence of stands burned at various times in the last 500 years
(Despain in press).

For the first several years after a severe fire, the vegetation is dominated
by herbaceous plants that resprout from surviving rootstocks and rhizomes
or became established from seed (Lyon and Stickney 1976, Rowe 1983, Lyon
1984). Lodgepole pine seedlings also become established and begin to
dominate the stand after one to two decades. This initial post-fire stage,
designated L.P0, continues until canopy closure, usually some 30-50 years after
the fire. Dead woody fuel mass is very high, but it consists almost entirely
of large dead tree boles that do not ignite readily. Very little fine woody fuel
is available, and the herbaceous plants tend to remain green even during dry
summers. The result is that the LP0 stage does not burn readily. Observa-
tions from 1972-1988 showed that fire may be carried by some of the large
decomposing logs, but that fire intensity and rate of spread are typically very
low.

After 30 to 50 years, the newly established cohort of lodgepole pine begins
to form a closed canopy, marking the onset of the next successional stage,
designated LP1. The trees usually are dense, and ground-layer vegetation is
sparse. This stage extends throughout the period of intense competition and
stand thinning, usually until about 150 to 200 years post-fire. Dead woody
fuels on the forest floor consist of a compact layer of pine needles, the molder-
ing remains of large tree boles killed in previous fire, and small dead stems
of lodgepole pine trees that died from competition. In some stands, one or
more of these dead woody fuel components may be substantial, but in most
stands all three are low and most of the fuels present are live fuels in the
canopy. A large discontinuity usually exists between dead woody fuels on the
forest floor and the live fuels in the canopy. Like the LPO stage, this stage
of succession generally does not burn readily. Qur observations have shown
that fires will burn in these stands when strong winds drive flames into the
tree crowns from a neighboring stand. However, when the wind stops the fire
usually drops out of the canopy and may smoulder for a time in the sparse
surface fuels before it finally goes out (Despain and Sellers 1977).

When tree growth, competition, and thinning are completed the stand enters
the next successional stage, designated LP2. This stage is characterized by
a more open structure and a denser, more diverse ground layer vegetation
than the LP1 stage. An understory-of lodgepole pine, Engelmann spruce (Picea
engelmannii Parry) and subalpine fir (Abies lasiocarpa [Hook.] Nutt.) begins
to develop. Dead woody fuel loads increase as mature canopy trees begin to
die and fall, and grouse whortleberry (Vaccinium scoparium Leiberg) forms
a nearly continuous ground cover in many stands. Observations show that
these stands are still relatively fire-resistant under most conditions. The live
fuels on the forest floor seldom dry sufficiently to burn, and understory fuels
are not sufficient to carry a fire into the canopy (Van Wagner 1977). As with
the LP1 stage, wind-driven fires can burn through LP2 stands. However,
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though the canopy is less dense than in the LP1 stage, it is still a closed canopy
and attenuates the wind speed at the ground (Albini and Baughman
1979). Fires in LP2 tend to drop to the ground or go cut when the wind stops,
though localized patches containing a well developed understory or a large
accumulation of fallen canopy trees will sustain a more intense fire.

When extensive mortality begins to occur in the canopy trees, and the
developing understory trees reach two to three meters in height and begin to
penetrate canopy gaps, the stand enters the LP3 stage. This final stage of
succession 1s reached some 200 to 400 years after a stand-replacing fire. Fuels
(in the form of dead tree boles, fallen branches, litter, and live crowns of
understory trees) become abundant. Scattered pockets of deep organic matter
are found on the forest floor where large trees are in final stages of decom-
position; where needles have accumulated beneath large, old spruce or fir trees;
and where squirrels have constructed large middens of cone scales. These
localized accumulations of combustible material are important as sites where
fire can start from a nearby lightning strike. They also are places where fires
can persist during rainy periods, often flaring up again after days or weeks
of quiescence when fuels again become dry enough to sustain a spreading fire.

In dry years when meteorological conditions are favorable for fires (more
on this below), LP3 stands ignite readily and burn intensely. Understory trees
can carry the flames from surface fuels into the overstory, generating crown
fire (Van Wagner 1977). Wind can penetrate the opened canopy to the forest
floor and produce very large fire fronts. The wind also may transport small
burning twigs and particles one to two kilometers in advance of the fire, where
they fall and ignite spot fires. LP3 stands support the most spectacular crown
fires in YNP. They burn more continuously than any of the earlier succes-
sional stages, leaving fewer patches of unburned forest. Thousands of hec-
tares can be burned in a few hours.

Observations of Uncontrolled Fires from 1972-1988

The natural fire management policy in effect in YNP from 1972 to 1988
permitted lightning-caused fires to burn without interference as long as they
did not threaten human life, property, or other significant resources (NPS
1975). Detailed monitoring of 235 such fires that were allowed to burn be-
tween 1972 and 1987, as well as the extensive fires of 1988, provided an ex-
ceptional opportunity to learn about natural constraints on fire ignition,
spread, and behavior. We first summarize our major conclusions about natural
fire behavior from 1972-1987, when a wide range of fire sizes and intensities
was observed, and then discuss some of the differences and similarities in
fire behavior observed in the extreme weather of 1988.

Observations since 1972 have shown that the principal determinants of fire
ignition and spread in YNP are weather conditions and the type and distribu-
tion of fuels. Lightning ignites fires every summer, but in most years the
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weather is so wet that the fires burn only a few hectares or less before they
are extinguished naturally (Table 1). Only during five years from 1972-1988
were weather conditions dry enough to permit more than 100 ha to burn,
and even in those years, many fire starts went out after a few days without
spreading (this occurred early in the 1988 fire season as well). Most of the
area that burned in the dry years of 1974, 1976, 1979, 1981, and 1987 did
so during several key days when meteorological conditions were especially
favorable for burning, i.e., when humidity was low and temperature and wind
speeds were high (Despain in press, Renkin and Despain in prep.). Whenever
fuel moisture was raised even by a light rain event the fires died down and
remained inactive until the fuels became dry again. The large fires were not
completely extinguished until snow came in late autumn; until then, high-
intensity fire could flare up somewhere on the fire perimeter any time that
weather conditions became suitable (Despain and Sellers 1977).

Fuel conditions in YNP are closely correlated with forest successional stage,
as discussed above, and observations since 1972 have shown that the spatial
distribution of successional stages has an important influence on the spread
of fire across the landscape (Turner and Romme in press). Most fire starts
have occurred in LP3 stands, and most of the area burned was in LP3 forests
(Despain in press). Spreading, high-intensity fires have commonly been ob-
served to burn up to the edge of LP2 or younger stands and to either stop
or spot beyond the young stands to more distant LP3 stands, leaving only

Table 1. Area burned from 1972 to 1988 in Yellowstone National Park, Wyoming.
Data from Diaz (1979) and courtesy of the U.S. National Park Service.

Percent Mean

Precipitation
(1899-1977) Number of Area burned
Year July  August fire starts (ha)
1972 119 178 21 2
1973 106 126 33 59
1974 73 139 38 529
1975 141 67 26 2
1976 148 160 30 650
1977 195 163 29 27
1978 99 46 24 6
1979 115 151 55 4,548
1980 143 199 25 2
1981 103 25 64 8,338
1982 118 163 20 0
1983 269 88 7 0
1984 297 121 11 0
1985 160 84 53 13
1986 212 75 33 1
1987 303 122 35 390
Total (1972-1987) 503 14,566
1988 79 10 24 321,000



patches of burned duff and litter on the floor of the younger forest (Despain
and Sellers 1977, Despain in press).

The fires in 1988 were orders of magnitude larger than any fires observed
from 1972-1987 (Table 1). Why? The major reason apparently was the un-
usually prolonged period of weather conditions suitable for fire spread
(Romme and Despain 1989a,b,c). The number of fire starts was about average,
but summer precipitation was far below normal (Table 1). There was essen-
tially no rain for several weeks, during which time fuel moisture in large
diameter fuels fell to under 10%. These dry conditions, combined with high
winds, created a situation in which high-intensity fires could spread over large
areas. The most important difference between fire behavior in 1988 and in
1972-1987 appears to have been the duration of extreme fire behavior; fires
in 1981, for example, actually burned with nearly the same intensity and rate
of spread as fires in 1988, but the duration of the requisite dry, windy
weather conditions was far less in 1981. Because of the unusually dry fuel
conditions and the persistent wind in 1988, early forest successional stages
burned more readily than they had in earlier years; nevertheless, there still
was a disproportionate area of older successional stages burned in 1988
(Renkin and Despain, in prep.).

Yellowstone’s Fire History

Large high-intensity fires evidently have been a part of the Yellowstone land-
scape for a very long time. An aerial view of the forests that cover approxi-
mately 80% of the park shows large patches of even-aged lodgepole pine forest
that developed following ancient fires. Fires that burned as much as 400 years
ago are still evidenced by an even-aged lodgepole pine overstory. Charcoal
in lake and pond sediments and in alluvial and colluvial deposits indicates
the occurrence of fires throughout the Holocene (C. Barnowsky, pers. comm.;
S. Wells, pers. comm.). '

Fire history at the lower forest border in northern YNP was investigated
by Houston (1973), who found that fires had recurred at intervals of 20-25
years prior to the twentieth century. The tree-ring data from fire-scarred trees
also suggested that eight to ten extensive fires had occurred in the area in
the last 300-400 years. Houston’s results indicated that the fire regime at lower
elevations in YNP, near the forest-grassland border, was characterized by
relatively frequent fires, as has been reported for other areas in the northern
Rocky Mountains (Arno 1980).

Most of YNP lies at higher elevations, however, where the climate is cooler
and wetter than in Houston’s study area and where the vegetation is dominated
by closed coniferous forests. We reconstructed fire history in a 129,600-hectare
study area in south-central YNP that appears representative of the high-
elevation volcanic plateaus that cover most of the Park (Fig. 1). Aerial photos
(1:20,000 scale) were used to produce a preliminary map of homogeneous-
appearing patches, and then one or more stands within each patch were
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Figure 1. Fire history study area on volcanic plateaus of Yellowstone Nationai Park.
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sampled. Age of each stand was determined by sampling fire-scarred trees
that could sometimes be found around the edges of a patch (Arno and Sneck
1977). We-also cored several dominant trees that apparently germinated after
the last stand-replacing fire. Where no scarred trees could be found, the age
of the stand dominants was used to approximate the year of the last fire. Final-
ly, the area burned by each major fire in the last 300 years was mapped by
use of field notes and 1:20,000 scale aerial photography. The fire history data
also were combined with our knowledge of rates and patterns of post-fire
succession to reconstruct the mosaics of successional stages that probably
covered the landscape at various times in the last 250 years (for details of
methodology see Romme 1982, Romme and Despain 1989a,b).

Fires were found to have occurred in every decade since 1690 (Fig. 2).
However, in most decades the fires burned only a small area. Major fire events
occurred in just four key periods: 1690-1710 (when 19% of the study area
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Figure 2. Top: Percent of the forests within the study area covered by each succes-
sional stage from 1735 through 1985. The reconstruction extends back only to 1735
because extensive fires around 1760 destroyed the evidemce mecessary to reconstruct
earlier landscape mosaics. Bottom: Percent of study area covered by stand-replacing
fires in each decade from 1690 to 1988.
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burned), 1730-1750 (15% burned), 1860-1870 (7%), and 1988 (26%). The ex-
tensive areas that burned in the early 1700s then passed through early succes-
sional stages (LP0O, LP1, and LP2) throughout the remainder of the 1700s,
through the 1800s, and into the early 1900s (Fig.2). The generally small ex-
tent of fires during that period (mid-1700s to early 1900s) may be due in part
to the predominance of these relatively nonflammable successional stages

across the landscape. Lightning probably ignited fires every summer, just as
it does today, but it was not until the mid-twentieth century that highly flam-
mable LP3 forests were again dominant and connected across the landscape.
The vegetation and fuels complex probably could have supported extensive,
high-intensity fires any time after about 1930, but it was not until 1988 that
a summer occurred with the prolonged drought and wind that are also
necessary for extensive fires in YNP.

Twentieth-century fire suppression apparently had only a minor influence
on vegetation structure and dynamics on Yellowstone’s subalpine plateaus
(Romme and Despain 1989 a,b,c; cf. Cooper 1960, Dodge 1972). Suppression
probably was not very effective in the early years because much of the area
was remote and inaccessible. Technologies for detecting and suppressing fires
were greatly improved in the 1940s, after which time fire control efforts un-
doubtedly reduced the size of many fires (though our experience with uncon-
trolled fires since 1972 suggests that many of the “suppressed” fire starts would
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have been extinguished naturally even without suppression, because of wet
conditions). Thus, the period of consistent fire control in Yellowstone actually
was from the mid-1940s into the early 1970s when the Park’s natural fire
management program was initiated.

It seems unlikely that this 30-year period of fire suppression had any major
effect on overall fuel conditions in YNP or on the behavior of fires in 1988.
A highly flammable fuel complex develops slowly over a period of 200-300
years within individual stands (Romme 1982), and an extra 30 years without
fire is likely to produce only small changes in fuel loads in most stands.
Moreover, there is not a monotonic increase in all fuels categories over time.
Rather, various components of the fuels complex change differentially over
time, and some (e.g., fine fuels) actually appear to decrease slowly after stands
reach 200 years in age (Figures 3-6 in Romme 1982). The most important
change in flammability appears to take place with the transition from LP2
to LP3, which occurs over a period of decades. Thus, 30 years of fire sup-
pression probably had only a smali effect on fuels dynamics within individual
stands.

It is true, however, that the total area covered by LP3 forests increased
substantially between 1945 and 1975 (Figure 2). The resulting increase in area
and continuity of highly flammable forests probably contributed to the size
and intensity of the 1988 fires. But was fire suppression the major reason
for this change in fuel conditions across the Yellowstone landscape? We think
not. The most important cause of the increase in LP3 was the extensive fires
of the early 1700s (Figure 2), which had initiated a more-or-less synchronous
wave of succession over a large area of the Park. All of these stands were
at the appropriate age to undergo transition from LP2 to LLP3 in the mid-
to late 20th century. There would have been a large increase in the extent of
LP3 between 1945 and 1975 regardless of what fire management program had
been in effect, unless that program entailed the burning of thousands of hec-
tares every year.

Would thousands of hectares have burned every year in the absence of fire
suppression? Probably not. Most summers in YNP are too wet for fires to
spread over large areas (Renkin and Despain, in prep.). Examination of the
fire records indicates that there were only seven years within this period when
weather conditions were dry enough to require major firefighting efforts: 1946,
1949, 1953, 1960, 1961, 1972, and 1974. We will never know how large those
fires might have become had they not been suppressed. However, at least some
of the fires (e.g., in 1949) were partially extinguished by heavy rain storms
before firefighting crews arrived (YNP fire records), and probably would not
have grown much larger even if left alone. Moreover, none of those years had
the extreme weather conditions of 1988; if they had, then fire control prob-
ably would have been no more effective in those earlier years than it was in
1988.

We conclude, therefore, that fire behavior in 1988, though spectacular, never-
theless was probably not greatly different from the behavior of the comparably
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large fires that burned in the early eighteenth century (Romme and Despain
1989a,b,c).

In summary, our analyses of successional changes in the fuels complex,
observations of uncontrolled fires since 1972, and reconstructions of fire
history lead us to conclude that high-intensity fire is ecologically the most
important type of fire in Yellowstone’s subalpine forests. It occurs in nearly
every stand before succession progresses to the theoretical climax stage of
an Engelmann spruce-subalpine fir forest; indeed, such ‘climax’ stands are
rare in YNP. Lower-intensity fires do occur; they may creep through the
understory or forest floer and kill a few overstory trees, but these fires rarely
cover large areas and appear to have far less ecological effect than the high-
intensity fires. Extensive, high-intensity fires occur infrequently in Yellowstone
because most summers are too wet, but in unusually dry years high-intensity
fires can burn very large areas, as occurred in 1988. In fact, most of the area
burned in YNP is burned by only a small number of rare but very extensive
fires; these fires create a new mosaic of forest successional stages that then
dominates the landscape until the next extensive, high-intensity fires (also
see Heinselman 1973, 1981; Hemstrom and Franklin 1982; Johnson and Fryer
1987, Baker 1989a,b,; Turner and Romme in press).

MANAGEMENT CHALLENGES AND OPPORTUNITIES

The natural fire regime that characterizes Yellowstone’s subalpine landscape
is perhaps the most difficult kind of fire regime to manage. The extensive
fires of 1988 have been likened to volcanic eruptions, hurricanes, and other
uncontrollable natural disturbances. There is an important difference, however,
in that we can control most of the fires in YNP; the truly uncontrollable fires
come along only every century or so. Yet the way in which we manage the
smaller, controllable fires ultimately may influence the behavior of the rare
uncontrollable fires, as wellias the overall wilderness character of the Park.
Therefore, we examine the opportunities and challenges presented by a range
of plausible options for fire management in YNP: (i) eliminating all fires:
(i1} suppressing all unplanned fires, whether ignited by lightning or humans,
and simulating natural fires with manager-ignited prescribed fires; and (iii}
allowing some lightning-ignited fires to burn without interference under
prescribed conditions.

The first option, total fire suppression, is necessary in most of our forested
lands today because of human values at risk. In large wilderness areas like
YNP, however, total fire exclusion is inconsistent with established goals of
maintaining an ecosystem shaped primarily by natural processes (Houston
1971, NPS 1975). In time such a policy, if effective, would impoverish the
biclogical diversity of the area (Taylor 1973, Romme 1982), and suppression
techniques themselves may cause long-lasting changes in soil and vegetation
structure, especially when heavy equipment is used. Furthermore, in any
vegetation where flammability increases with plant succession, total exclu-
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sion of fire will inexorably increase the area and continuity of highly flam-
mable forests, leading eventually to large, potentially uncontrollable fires (cf.
Minnich 1983). For these reasons, a policy of total fire suppression appears
both inappropriate and unmanagable in YNP over the long term (also see
Philpot and Leonard 1988).

A policy of suppressing all unplanned ignitions and simulating the natural
fire regime with manager-ignited prescribed fires is feasible, but difficult for
both technical and philosophical reasons (also see Schullery 1989, Schullery
and Despain 1989). First, the kinds of prescribed fires with which managers
have most experience and expertise are low-intensity surface fires. As explained
above, these kinds of fires appear to be relatively unimportant in Yellowstone’s
high-elevation forests. If manager-ignited fires are to be used to simulate the
ecologically significant natural fires, then they should be high-intensity crown
fires. Such fires are possible only during dry weather conditions, however,
when there is a high risk of the fire escaping control and burning a larger
area than desired.

A philosophical difficulty with manager-ignited prescribed fires as a
substitute for natural fires in YNP is that our present knowledge of the natural
fire regime is inadequate to provide the necessary base for designing a suitable
burning schedule that would mimic all of the important features of natural
fires. For example, a striking feature of the 1988 fires was their heterogeneity.
The intricate patterning of severely burned, lightly burned, and unburned
patches within the overall fire perimeters could not have been predicted on
the basis of our pre-1988 fire experience. The details of this spatial pattern-
ing of fire effects across the Yellowstone landscape have important implica-
tions for plant succession, wildlife habitat, terrestrial-aquatic linkages, and
individualistic species responses (e.g., Romme and Knight 1982, Christensen
et al. 1989, Knight and Wallace 1989, Minshall et al. 1989, Singer and Schullery
1989, Turner and Romme in press). The ecological implications of fire scale
and heterogeneity are only partly understood at present, but the essentially
natural burning patterns of the 1988 fires have created an unprecedented op-
portunity for scientific investigation of these and other aspects of large-scale
disturbances in the Yellowstone landscape. )

The third option, that of allowing lightning-caused fires to burn without
interference under certain conditions, is a central part of the current fire
management plan in YNP (NPS 1975). This option is most consistent with
overall Park goals (Houston 1971), and was widely regarded as a great suc-
cess from 1972-1987. Though it received some severe criticism in 1988 (e.g.,
Buck 1989), the coincidence in that year of prolonged drought, wind, multi-
ple ignitions, and a forest landscape in its most flammable stage, makes it
doubtful that any conceivable fire policy would have led to a substantially
different outcome.

This point is worth examining further, for some have suggested that the
Yellowstone fires would have been much smaller if Park managers had more
aggressively attacked all fires early in the 1988 season. We can never know
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for certain what would have happened if other actions had been taken, of
course, but it seems unlikely that earlier suppression would have made much
difference. More than 95% of the total area burned in the Greater Yellowstone
area burned after July 21, the day on which suppression was ordered on all
fires, regardless of origin. Three human-caused fires, which were suppressed
from the outset, burned hundreds of thousands of acres despite the best efforts
of well-equipped and well-trained fire fighters. Lightning also ignited several
fires during those same extreme conditions, but the lightning-caused fires soon
spread into fires that were already burning. Given the burning conditions of
1988, it is highly probable that roughly the same area would have been burned
even if total suppression had been applied from the beginning to every fire
that started in the greater Yellowstone area.

Thus, one of the main lessons of 1988 seems to be that extensive, high-
intensity fires are an infrequent, but ultimately unavoidable element in
whatever fire management option we choose in YNP. The federal fire manage-
ment policy review team, appointed following the 1988 fires, concluded that
a natural fire management policy like that in YNP was sound, though it recom-
mended some further evaluation of the policy’s implementation (Philpot and
Leonard 1988).

Large wilderness areas such as YNP are the only remaining places where
this kind of a natural fire management policy is still possible. Yet, even in
Yellowstone’s 880,000 ha, implementation of this policy is not without
challenges.

The biota are well adapted to periodic high-intensity fires, but some
resources may be damaged, such as archaeological artifacts and the historical
record contained within tree-rings. Allowing certain fires to burn without in-
terference also puts managers at great risk of criticism on those few occa-
sions when the fires grow to such a size that they cannot be controlled. Simi-
larly, some fires that are within the burning prescription initially may require
suppression later when they become large or spread in unacceptable direc-
tions. This substantially increases the cost of suppression. Moreover, when
suppression becomes necessary, managers must choose which techniques are
to be used; generally they select techniques that minimize undesirable impacts
on soils and vegetation, but this leaves them open to further criticism if the
suppression effort is not successful.

CONCLUSIONS

The natural fire regime in the subalpine forests of YNP is characterized
by infrequent but extensive, high-intensity fires. Lightning ignites fires
every summer, but wet weather conditions preclude large fires in most years.
Only in dry summers do fires burn more than a few hundred hectares, and
probably only every 100-300 years do fires occur of the magnitude witnessed
in 1988.
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Our experience with unconirolled fires since 1972 has yielded some unex-
pected insights into the opportunities and challenges of managing such a fire
regime within the context of a natural ecosystem. On the one hand, many
of the fires that were formerly “controlled” probably would have gone out
by themselves without any intervention. On the other hand, there are situa-
tions in which fires cannct be controlied by any currently available means.
When fires start under the kinds of extreme burning conditions observed in
late August and early September of 1988, they can develop into uncontroliable
fires regardless of suppression efforts.

In acknowledging the central ecological role of fire in shaping the
Yellowstone landscape, and in allowing high-intensity fires to continue play-
ing that historic role, both managers and the public need to recognize that
there is always the risk that some fires will burn a larger area than desired.
However, in the long run, some large fires probably are unavoidable in this
type of ecosystem. Furthermore, as long as all fires are automatically sup-
pressed, we cannot know how effective our suppression efforts really are. We
need large wilderness areas like Yellowstone, where high-intensity fires and
other primeval forces can be aliowed to continue piaying their natural roles,
so that we may better understand the basic ecological processes that have
shaped the biosphere.
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