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Abstract—Findings from fire history studies have increasingly
indicated that many forest ecosystems in the northern Rocky Moun-
tains were shaped by mixed-severity fire regimes, characterized by
fires of variable severities at intervals averaging between about 30
and 100 years. Perhaps because mixed-severity fire regimes and
their resulting vegetational patterns are difficult to characterize,
these regimes have received limited recognition in wilderness fire
management. This paper presents examples of mixed-severity fire
regimes in Glacier National Park, the Bob Marshall Wilderness
Complex and the Selway-Bitterroot Wilderness and discusses how
suppression and fire management policies have affected them. It
suggests possible management actions to return a semblance of the
historical mixed-severity fire regimes to these and other natural
areas .

The ecological problems associated with removing fre-
quent low-intensity fires from ponderosa pine ecosystems
are well known to forest and wilderness managers, and
restoration of fire is being planned or implemented in many
of these ecosystems (Bailey and Losensky 1996; Covington
and others 1997; Kilgore and Curtis 1987). In contrast,
ecosystems historically characterized by infrequent stand-
replacement fires may not have been greatly altered by 60 to
90 years of fire suppression, partially because it is often not
possible to suppress high-intensity fires (Agee 1993; Johnson
and Larsen 1991; Romme and Despain 1989). However,
little recognition has been given to possible effects of fire
exclusion in ecosystems historically shaped by mixed-sever-
ity fire regimes. Mixed-severity regimes produced highly
diverse forest communities containing abundant seral, fire-
dependent species, including multi-aged stands with large,
old fire-resistant trees that are of great importance as
wildlife habitat (McClelland 1979). These regimes also helped
produce intricate mosaics of even-aged tree groups and
contrasting forest communities at the landscape level. Ef-
fects of fire exclusion on ecosystems shaped by mixed-
severity fire regimes should concern wilderness managers

because these ecosystems are important components of
national parks, wilderness and other natural areas of the
northern Rocky Mountains (Fischer and Bradley 1987; Smith
and Fischer 1997). A recent field inspection of areas histori-
cally characterized by mixed-severity fire regimes in the Bob
Marshall Wilderness led us to this analysis of the situation.

Defining “Mixed Severity” ________
Fire plays a complex role in wildland ecosystems, and

individual fires can have highly variable effects in space and
time. An individual fire’s behavior can change dramatically
as it moves across the landscape under the influence of daily
and longer term changes in temperature, humidity and
wind. The fire is also affected by changes in stand structures,
fuels and topography. To facilitate communication, plan-
ning and management related to wildland fire, Brown (1995)
presented a simplified classification of “fire regimes” to
characterize the kinds of fires that have occurred over the
past several hundred years in different regions or forest
types.

The classification is based on fire severity, namely what
happens to the dominant vegetation—in this case, trees. If
most of the overstory trees die in most fires, that area is said
to be characterized by a “stand-replacement fire regime.”
Conversely, if most trees survive most fires, it is called a
“nonlethal fire regime.” If severity is a mixture of the
above—for example, frequent nonlethal fires and infrequent
stand replacement fires—it is a “variable fire regime” (Arno
and others 1995; Brown 1995). If severity is generally
intermediate—many trees dying and many surviving—it is
a mixed-severity fire regime. Variable and mixed-severity
fire regimes probably intergrade and may be difficult to
differentiate based on available evidence; thus, for this
discussion, we will lump both into “mixed-severity fire
regimes.” Fire frequency is often inversely related to fire
severity. Nonlethal fire regimes generally have frequent
fires (commonly at intervals of 5 to 30 years), and stand-
replacement regimes have infrequent fires (intervals of 100
to 400 years in the northern Rocky Mountains), while mixed-
severity fire regimes have fires at intermediate frequencies,
with average intervals ranging from about 30 to 100 years.
Fire sizes and burning patterns are additional components
of fire regimes not dealt with directly in the classification
(Brown 1995).

Characteristically, a mixed-severity fire regime will have
a number of individual fires that burn at mixed severities. It
may also have some stand-replacement fires and some
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nonlethal fires. Individual mixed-severity fires typically
leave a patchy, erratic pattern of mortality on the landscape,
which fosters development of highly diverse communities
(fig. 1). Overall, these fires kill a large proportion of the most
fire-susceptible tree species, such as subalpine fir, which
tend also to be the shade-tolerant species favored by fire
exclusion (Minore 1979). Conversely, mixed-severity fires
kill a smaller proportion of the fire-resistant species—in-
cluding western larch, ponderosa pine, western white pine
and whitebark pine, which are long-lived species that are
replaced successionally by shade-tolerant species with fire
exclusion (Arno and others 1997; Hartwell and others, in
process; Keane and Arno 1993; O’Laughlin and others 1993).

Historical Conditions ____________
In past centuries, mixed-severity fire regimes character-

ized large areas of forest ecosystems throughout the western
United States (Arno, in process), and specifically in the
northern Rocky Mountains (Arno 1980; Arno and others
1993; Barrett and others 1991; Brown and others 1994;
Murray 1996; Zack and Morgan 1994). In Northern Rocky
Mountain forests, mixed-severity regimes occupied about 50
percent of the area now in national forest lands, nonlethal
regimes included about 30 percent of this area, and stand-
replacement regimes covered about 20 percent (Quigley and
others 1996). A Fire Regime Analysis being conducted by the
USDA Forest Service has found similar proportions of these
fire regimes nationwide (Hardy, personal communication).

The presence of appreciable quantities of old trees with
scars from pre-1900 fires is prima facie evidence of historical
mixed-severity or nonlethal fire regimes. In the northern
Rockies, nonlethal regimes are primarily confined to forests
where ponderosa pine was historically dominant. Mixed-
severity regimes were found across a broad range of forest
types, including some of those dominated by interior Dou-
glas-fir and western larch, western white pine, lodgepole
pine and whitebark pine, as well as some relatively moist
ponderosa pine types. Other areas of these same forest types
(except, possibly, ponderosa pine) were characterized by
stand-replacement fire regimes. The kinds of fire occurring
in a given forest type depended on fuel and vegetation
development patterns, climatic factors, topography, and
sometimes the history of Indian burning (Arno and others
1997; Barrett and Arno 1982). Mixed-severity fire regimes
covered sizeable areas in the largest national parks and
wilderness areas, including Glacier National Park (Barrett
and others 1991), the Bob Marshall Wilderness complex
(Davis 1977; Gabriel 1976; and observations presented later
in this paper), the Selway-Bitterroot Wilderness (Brown and
others 1994), the Frank Church-River of No Return Wilder-
ness (Crane and Fischer 1986) and Yellowstone National
Park’s northern range (Barrett 1994; Houston 1973).

Forests associated with mixed-severity regimes were often
dominated by the early seral, fire-dependent tree species,
but also may have had a substantial component of late-
successional trees. Individual stands were often uneven-
aged and multi-layered. Moderately short fire intervals
allowed important seral shrubs and hardwoods to remain

Figure 1—A stand on the Lolo National Forest, Montana, shaped by a mixed-severity fire regime. The tall trees (western
larch) were established after various fires between the mid-1400s and the early 1800s. The older larch have survived 4 to
5 fires between the mid-1600s and 1904. A few of the lodgepole pines survived fires in 1889 and 1904, but most of the
densely stocked smaller trees (lodgepole pine, subalpine fir, and Engelmann spruce) became established after these
latest fires (S. Arno, unpublished data).
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abundant (Fischer and Bradley 1987). These included as-
pen, Scouler willow, serviceberry, chokecherry, and redstem
and evergreen ceanothus (Arno and others 1985). Small
meadows and grassy openings and a variety of early seral
herbaceous plants would also have been abundant (Gruell
1980; Arno and others 1985; Steele and Geier-Hayes 1993;
Stickney 1990). As a result of the moderately frequent fires
and variable fire severities, stands often formed a complex
and intricate mosaic on the landscape. However, young seral
stands and young seral components of mixed-age stands
were abundant (Baker 1993; Keane and others 1996, 1998a;
Romme 1982).

Current Conditions and Future
Trends ________________________

By the late 1800s, the historical role of fire on the land-
scape had been reduced in many areas by heavy livestock
grazing that removed fine fuels and by disruption of burning
by Native Americans (Arno and Gruell 1986; Boyd 1999). By
the late 1930s, fire suppression had become effective in
reducing the annual extent of fires, even in large wilderness
areas in the northern Rocky Mountains (Barrett and others
1991; Brown and others 1994). The Selway-Bitterroot Wil-
derness has had the most active program to restore natural
fires in the region (since 1973), allowing some lightning fires
to burn, taking only limited suppression on others and
carrying out full suppression on the rest. Despite these
outstanding efforts to restore natural fire, the program has
still produced a significant reduction in average area burned
compared to the pre-fire suppression period (Brown and
others 1994). Moreover, the political repercussions of the
1988 Yellowstone fires have further limited the application
of natural fire programs throughout the western United
States (Parsons and Landres 1998). The natural fire pro-
gram in the Selway-Bitterroot Wilderness has produced a
somewhat higher proportion of stand-replacement and a
lower proportion of nonlethal and mixed-severity burning
than was characteristic of the pre fire-suppression period in
the same area (Brown and others 1994, 1995a).

A study of fire regimes in Glacier National Park concluded
that fire suppression had been very effective in areas that
previously had a mixed-severity fire regime, but much less
effective in areas of stand-replacement fire regimes (Barrett
and others 1991). A detailed study of the entire inland
portion of the northwestern United States also concluded
that areas historically under a nonlethal or mixed-severity
fire regime have now shifted toward stand replacement
regimes (Morgan and others 1998; Quigley and others 1996).
By the late 1990s, mixed-severity fire regimes have been
reduced to about 30 percent of the landscape, and nonlethal
regimes occupy only about 10 percent, whereas forests
typically burning in stand-replacement fires now encom-
pass about 60 percent of the national forest lands (Quigley
and others 1996).

The effects of substantial reductions in areas burned in
historical mixed-severity fire regimes are predictable and
observable (Keane and others 1996). Intensive comparisons
of historical (circa 1900) and modern stand structures in
unlogged areas near the eastern boundary of the Selway-
Bitterroot Wilderness show major declines in ponderosa

pine, western larch and whitebark pine, and corresponding
increases in Douglas-fir at lower elevations and subalpine
fir at middle and high elevations (fig. 2) (Arno and others
1993, 1995; Hartwell and others, in process). Lodgepole pine
has maintained its historical abundance, but young lodge-
pole communities (which contain numerous early seral un-
dergrowth species) have become less common.

On landscapes such as large wilderness areas, the effects
of fire exclusion tend to include greater uniformity in stand
ages and in stand composition and structure, together with
a declining diversity of undergrowth species (Arno and
others 1993; Keane and others 1996). Basal area and num-
bers of trees per acre may increase dramatically (Arno and
others 1997). This results in increased physiological stress
and the opportunity for extensive forest mortality caused by
epidemics of insects and diseases (Fellin 1980; Monnig and
Byler 1992; Biondi 1996). Fire exclusion and related advanc-
ing succession also brings increased loadings of dead and
living (ladder) fuels across the forest landscape, which
increases the likelihood of unusually severe and extensive
wildfires (Barrett and others 1991; Barbouletos and others
1998; Quigley and others 1996; Morgan and others 1998).
When a large and unusually severe fire occurs in a wilder-
ness environment, it ultimately creates a correspondingly
large mass of heavy fuels, starting 12 to 15 years after the
fire when much of the dead timber has fallen (Lyon 1984).
This becomes incorporated into a new dense fuel bed with
small conifers and large shrubs, which can readily support
another severe wildfire, or “double burn” (Barrett 1982;
Brown 1975; Wellner 1970).

Modeling suggests that the effects of continuing this trend
will be higher proportions of large stand-replacement fire in
wilderness landscapes (Baker 1992; Keane and others 1996,
1998a). There will be a loss of multi-aged stands of seral tree
species. The intricate, fine-grained landscape mosaic of
diverse stand structures and compositions will be replaced
by a coarser pattern of even-aged stands (fig. 3). Longer fire
intervals will cause seral herbaceous and shrub species to
decline because they will have difficulty surviving under
extended periods of dense conifer coverage—the “stem-
exclusion stage” (Oliver and Larsen 1996). In addition to

Figure 2—Historical and modern stand structures in an unlogged
upper elevation forest zone on the Bitterroot Range, Montana (from
Hartwell and others, in process). The historical forest was in a mixed-
severity fire regime; the modern forest is influenced by fire exclusion.
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ecological impacts, the accompanying pattern of larger and
more severe wildfires will pose increasing health risks due
to smoke production, as well as risks of fire escaping the
wilderness and threatening people and private property
(Hill 1998).

An Example From the Bob Marshall
Wilderness _____________________

On July 11-15, 1998, we conducted field observations in
the South Fork Flathead drainage, Bob Marshall Wilder-
ness, at the request of District Ranger Carol Eckert. During

this trip, we also discussed the management implications
associated with the area’s fire ecology with a group of
national forest managers and staff.

Much of the Bob Marshall Wilderness was historically
characterized by a stand-replacement fire regime, with fire
intervals of 150 to 250 years in a given stand (Keane and
others 1994). Today, this fire regime is generally considered
to be functioning within its “historical range of variability”
(Morgan and others 1994) as a result of periodic wildland
fires and some lightning fires allowed to burn under pre-
scription. Our observations are directed to mixed-severity
fire regimes that occur in the drier areas of the South Fork
Flathead drainage (Gabriel 1976). We observed two kinds of
forests that historically experienced mixed-severity fire re-
gimes, based on abundant fire scars found on living trees,
multiple age-classes of seral fire-dependent trees and intri-
cate stand mosaics. (In addition, there is a historical nonle-
thal fire regime associated with nearly pure ponderosa pine
stands on dry, gravelly river terraces.) In this area, forest
types historically maintained by the mixed-severity regime
are ponderosa pine-mixed conifer and larch/Douglas-fir/
lodgepole pine. The ponderosa pine-mixed conifer forest type
covers a few thousand acres in the South Fork Valley, below
5,000 feet. The larch/Douglas-fir/lodgepole pine type is wide-
spread and extends up to about 5,500 feet.

The ponderosa pine-mixed conifer type contains large
ponderosa pines 200 to 600 years of age, but few less than 60
years old. They are being replaced by younger Douglas-fir,
Engelmann spruce and lodgepole pine. In the areas we
examined, past fires occurred at intervals of about 25 to 40
years, with the most recent burns, dated from increment
borings, having occurred in about 1929. One living ponde-
rosa pine a mile south of Big Prairie Ranger Station is about
410 years old and has well-formed scars from at least seven
different fires. We also found several lodgepole pines, often
growing among scattered ponderosa pines, that have three
fire scars dating between the mid-1800s and the early 1900s.
Although these stands appear to have once been open and
parklike, today they are generally dense with young Dou-
glas-fir, lodgepole pine and other conifers, and they contain
substantial quantities of duff (including deep mounds at the
base of old trees) and down woody fuels. Under current
conditions, a summer wildfire that escaped suppression
could easily become a large, stand-replacing burn. Succes-
sional studies indicate that such a fire would probably give
rise to new stands of lodgepole pine and Douglas-fir, with
little if any ponderosa pine (Arno and others 1985). These
post-fire stands would probably have a dense, even-aged
structure, as well as abundant fire-killed downed trees,
favoring continuance of a stand-replacement fire regime in
the future (Scott 1998).

The larch/Douglas-fir/lodgepole pine mixed-severity type
extends up tributary drainages, where it adjoins the stand-
replacement fire regime types. In response to historic mixed-
severity fires, stands generally have a multi-aged structure.
Many of the larch, Douglas-fir and some of the lodgepole
pines have one to three scars from past fires. In one stand
near White River Butte, we found a large larch with scars
from four different fires and a fallen old-growth Douglas-fir
with scars from five fires.

In the ponderosa pine-mixed conifer type, it has generally
been 70 to 100 years since the last fire, two to four times as

Figure 3—Age-class mosaics resulting from a mixed-severity fire
regime (a) and a stand-replacement fire regime (b) in Glacier Na-
tional Park, Montana. Dates indicate fire years that resulted in
establishment of seral western larch and lodgepole pine age classes
(from Barrett and others 1991).
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long as the average historic fire interval. Current fire-free
intervals in the larch/Douglas-fir/lodgepole pine type are
probably approaching two times the length of historic mean
intervals. These lengthened intervals are not necessarily
unprecedented in any one stand; however, because current
intervals since the last fire in most stands are near or beyond
the upper end of the historical range of fire intervals,
associated fuel accumulations provide the opportunity for
unusually large, stand-replacing fires. Lodgepole pine is a
common forest component in the mixed-severity fire re-
gimes, and it is susceptible to mass mortality as a result of
bark beetle epidemics when it reaches ages of 80 years in
dense stands (McGregor and Cole 1985). Landscapes of
beetle-killed lodgepole pine are at high risk of large, stand-
replacing fires (Brown 1975). Frequent fires of the past
provided a natural mosaic of diverse stand structures, which
reduced chances of large, stand-replacing fires in the mixed-
severity fire regime (Barrett and others 1991).

Unusually severe fires in mixed-severity and nonlethal
fire regimes have been linked to effects of fire exclusion
(Agee 1993; Barbouletos and others 1998; Barrett 1988;
Steele and others 1986). The North Fork Flathead Valley in
Glacier National Park, an area characterized by a mixed-
severity fire regime, experienced the unusually large and
severe Red Bench Fire in 1988, after the fire-free interval
had more than doubled due to successful fire exclusion
(Barrett and others 1991). In 1994, Park managers used
prescribed natural fire and confine-and-contain strategies
on two nearby wildfires to accomplish 14,000 acres of mixed-
severity burning in an adjacent area within this fire regime
(Kurth 1996; Van Horn, personal communication).

Possible Restoration Strategies ___
Any effort to restore fire to a more natural role in wilder-

ness must recognize a great paradox: Direct human inter-
vention—suppression of natural fires—has greatly altered
fire frequency and fire severity, important processes that
historically shaped wilderness ecosystems. Moreover, this
intervention will surely continue. Wilderness management
(like wildland forest management in general) still operates
largely under a fire suppression strategy. Although the
concept of eventually returning fire to a more natural role is
often accepted by land managers, wilderness fire programs
are greatly restricted by concerns about liability for fires
escaping wilderness, public safely, smoke pollution and
possible complaints from the public. In 1963, a panel of
scientists called upon by the Secretary of Interior concluded
that the exclusion of natural fire is not consistent with
maintenance of ecosystems in national parks—or, by exten-
sion, in wilderness (Leopold and others 1963). Although this
advice did result in prescribed burning on a small scale in
some areas, it has had little affect on landscape-scale
management in most national parks or wilderness areas
(Parsons and Landres 1998). Restoring natural fires in
wilderness requires much stronger support on behalf of the
fire manager. Today, if a manager chooses to use or allow
fire, he or she is exposed to considerable risk (Czech 1996;
Mutch 1997). Conversely, choosing to put out any and all
natural fires is relatively risk-free. Ironically, each natural
fire suppressed within or near wilderness may be construed

as an act of “trammeling” inconsistent with the concept of
wilderness as a place where the forces of nature act without
human interference (The Wilderness Act: Public Law 88-
577, 1964).

Restoration of fire in nonlethal and mixed-severity re-
gimes requires special care because fuel and stand struc-
tures in many areas are outside the historic range of vari-
ability (Morgan and others 1994; Quigley and others 1996).
Some naturally ignited fires burning under these altered
conditions might adversely impact natural biodiversity
(Covington and others 1997; Harrington 1996). Depending
on the situation, we have listed the following four ap-
proaches, which might be useful for restoring a semblance of
the conditions historically associated with the mixed-sever-
ity fire regime in wilderness. These approaches could apply
to restoring any natural fire regime, but may be especially
pertinent to mixed-severity regimes because a range of fire
intensities and effects is acceptable. Any effort to restore
natural fire processes requires careful fire management
planning (Brown and others 1995b), education within all
cooperating agencies and the public and a willingness to
accept some degree of risk. All alternatives for restoring fire
would be aided by developing low-risk fuel conditions—for
example, thinning combined with fuel removal or prescribed
burning—in strategic locations along the boundary of the
park or wilderness. Such treatments are, however, likely to
be expensive and politically sensitive.

1. Allow all or most lightning fires to burn.
Since suppression of lightning fires has been the major

factor creating the current situation, a plausible goal could
be to fully restore lightning fires as an ecological factor.
However, this may not be desirable where the current
buildup and continuity of fuels allow lightning fires to
become unusually severe and threaten adjacent areas. Still,
restoration for the effects of the historical fire regime is
essential if wilderness areas are going to support natural
ecosystems. It will be challenging to allow most lightning
fires to burn. A valuable asset to this approach would be an
improved ability to predict fires or fire seasons likely to
become severe so that only those situations will require
suppression. Such prediction will require modeling of poten-
tial fire consequences, using tools such as FOFEM (Reinhardt
and others 1997) and FARSITE (Finney 1998). Overall, the
goal of this approach is to maximize the use of lightning
ignitions to return fire to its natural role; realistically,
however, it may be more expedient to use some prescribed
fires, as explained below.

2. Reignite suppressed lightning fires.
Conceptually, it is an act of human interference to sup-

press a lightning fire in a wilderness area. Therefore, when
a land manager finds it necessary to suppress a natural fire,
we propose the following strategy to “restore” that fire as
soon as conditions permit. Determining acceptable prescrip-
tions for reigniting suppressed fires is the key to this ap-
proach. This strategy may be especially useful in the initial
round of fire reintroduction. If the reignition criteria are too
stringent, the resulting fire may be ineffective and insignifi-
cant. If the burning conditions are favorable, but a sudden,
extreme weather event results in a costly suppression effort
or property damage, the manager needs to be buffered from
accepting calculated risk, provided proper procedures were
followed. Ignition shortly before a season-ending rain or
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snow storm is a possibility; but accomplishing significant
fire size in this case might require ignition at many points.

Although the reignition of lightning fires may seem easy
to justify on philosophical grounds (for returning a natural
process), it poses a unique problem. It is nearly impossible to
attain the hypothetical burned area and severity pattern
lost when the fire was suppressed because it was out of
prescription. There is rarely enough time before snowfall or
season-ending rain events to recoup this acreage or to
recreate the pattern of fire severity. Therefore, some other
means may be necessary to burn the area left unburned
when the fire was suppressed. A possible procedure might be
to simulate the behavior of the suppressed fire in a spatially
explicit fire-growth model such as FARSITE to compute the
total area that the fire might have burned using the daily
weather that actually occurred. Then, near the end of the
season or the following year, this area could be burned using
conventional prescribed fire methodologies.

3. Reignite suppressed fires from past years.
This approach has appeal as a way to reverse effects of

past fire suppression in a manner consistent with letting
nature take its course. However, if the fuels are beyond the
historical range of variation or if ignitions are made under
cooler or wetter conditions, the result may not mirror the
natural role of fire. If the fire is relit in the same location
where a fire was originally suppressed, there is at least some
hope of simulating a historical natural fire. Whether the
actual fire fulfills this promise is problematical.

4. Use prescribed fire as a preparation for restoring
lightning fires.

In this discussion, prescribed burning is defined as
systemmatic manager ignition of certain areas under condi-
tions prescribed to accomplish desired effects—in this case,
to reduce excessive fuels and return to a semblance of
historical ecological conditions. Many alternatives are avail-
able for use in obtaining the desired result including varying
the season of burning, time of day, prescribed weather, fuel
moistures, ignition method and ignition pattern (Brown and
others 1995b; Kilgore and Curtis 1987). Managers of some of
the large national parks in the Canadian Rocky Mountains
are using prescribed burning largely as a substitute for
lightning fires (Woodley 1995). For larger U.S. National
Parks and wilderness, we propose prescribed burning as a
way to return fuel conditions that will allow lightning fires
to again play a more natural role.

Using prescribed burning to restore conditions that can
allow natural processes to proceed again is logical. Never-
theless, it does involve subjective decisions as to when,
where, under what conditions and so forth. Some will see
this as inappropriate in wilderness, so a strong case needs to
be made for why it may be the only option in some cases. This
will raise issues related to methods. The uncertainty of
outcome in allowing natural ignition to meet planned objec-
tives is the “risk.” Use of prescribed fire minimizes this risk
by management choosing time, place and conditions.

Concluding Remarks ____________
Restoration strategy number 1—allowing nearly all light-

ning fires to burn—is probably not attainable and perhaps
not ecologically desirable under current conditions. It could

be viewed as the long-term goal for large national parks and
wilderness areas. Strategies 2 through 4 all involve pre-
scribed fire applications, methods opposed by many wilder-
ness advocates as inappropriate and unacceptable in wilder-
ness. They argue that any human decisions on when or
where fires burn constitute management of natural pro-
cesses, which counters the intent of the 1964 Wilderness Act.
They fear that prescribed burning (by managers) would be
used to intentionally manipulate wilderness conditions;
that fire would become a manipulative tool rather than a
natural process in wilderness (Nickas 1999). As a counter-
point, we maintain that human activities and constraints,
such as fire suppression and the artificially confining bound-
aries of wilderness ecosystems, have already significantly
affected these areas and limited how we can manage them.
The use of prescribed fire applications provides a critical tool
to mitigate such impacts, as long as the ultimate goal of
restoring natural processes is not compromised. We fear
that the apparent willingness of some wilderness supporters
to accept continued fire suppression and fire exclusion rather
than the interim use of prescribed fire in wilderness will
further exacerbate the problems of accumulating fuels and
loss of structural diversity. On the other hand, we recognize
the concern that wilderness would lose much of its value if
it becomes more of a human-determined landscape. Land
managers have the responsibility to document and justify
the need for management ignitions on a case-by-case basis.

At the other end of the philosophical spectrum, some
people argue for some form of mechanical manipulation to
restore more natural or manageable conditions, so that fire
can be used or allowed to burn. This may be pertinent in the
immediate vicinity of human developments or areas of
cultural or historic value, such as backcountry ranger sta-
tions, where removing ladder fuels could greatly reduce risk
and allow lightning fires to burn instead of being sup-
pressed. However, we argue that mechanical manipulation
should be considered inappropriate in general for lands
managed as wilderness.

All the options for returning fire to wilderness require
better information on fuels, vegetation inventories, succes-
sional dynamics, fire effects and so forth (Keane and others
1998b). On the other hand, we are degrading these ecosys-
tems rapidly in some cases, and we cannot afford to “do
nothing” and thereby continue the damaging process of fire
exclusion. “No action” is a conscious decision with a definite
impact. We need to build the case to get started, area by area,
monitor what we do, learn from it, and adapt. This is
adaptive management.

In summary, restoration of fire is critical to assure long-
term sustainability of mixed-severity (and nonlethal) fire
regime ecosystems. Most likely, success in achieving goals
(and they must be clearly articulated) will come from some
combination of the above 4 strategies tailored to fit each
wilderness area. Plans for restoring a semblance of the
natural fire regime need to be made and then acted upon
expeditiously.

Acknowledgments ______________
We would like to thank Carol Eckert and Steve Wirt of the

Flathead National Forest for instigating and arranging



USDA Forest Service Proceedings RMRS-P-15-VOL-5. 2000 231

logistics for our field inspection of fire regimes in the Bob
Marshall Wilderness and for bringing together several wil-
derness and fire specialists for discussions of these issues.
Helpful suggestions for improving the original manuscript
were provided by Steve Barrett, consultant in fire ecology,
Kalispell, MT; Steve Morton, Northern Region, USDA For-
est Service; Dave Thomas, Intermountain Region, USDA
Forest Service; and Fred Van Horn and Tara Williams,
Glacier National Park.

References _____________________
Agee, J. K. 1993. Fire ecology of Pacific Northwest forests. Island

Press, Wash., D.C. 493 p.
Arno, S. F. 1980. Forest fire history in the Northern Rockies. Jour.

For. 78:460-465.
Arno, S. F. In process. Fire regimes in western forest ecosystems.

Chapter V in: Effects of wildland fire on ecosystems: flora and
fuel. Rocky Mountain Research Station, General Technical
Report.

Arno, S. F.; Gruell, G. E. 1986. Douglas-fir encroachment into
mountain grasslands in southwestern Montana. Journal Range
Management 39:272-275.

Arno, S. F.; Reinhardt, E. D.; Scott, J. H. 1993. Forest structure and
landscape patterns in the subalpine lodgepole pine type: a proce-
dure for quantifying past and present conditions. USDA Forest
Service, General Technical Report INT-294. 17 p.

Arno, S. F.; Scott, J. H.; Hartwell, M. G. 1995. Age-class structure
of old growth ponderosa pine/Douglas-fir stands and its relation-
ship to fire history. Research Paper INT-481, USDA Forest
Service. 25 p.

Arno, S. F.; Simmerman, D. G.; Keane, R. E. 1985. Forest succession
on four habitat types in western Montana. USDA Forest Service,
General Technical Report INT-177.

Arno, S. F.; Smith, H. Y.; Krebs, M. A. 1997. Old growth ponderosa
pine and western larch stand structures: Influences of pre-1900
fires and fire exclusion. USDA Forest Service, Research Paper
INT-495. 20 p.

Bailey, D. W.; Losensky, B. J. 1996. Fire in western Montana
ecosystems: a strategy for accomplishing ecosystem management
through the effective use of prescribed fire in the Lolo National
Forest. Lolo National Forest, Missoula, MT. 145 p.

Baker, W. L. 1992. Effects of settlement and fire suppression on
landscape structure. Ecology 73:1879-1887.

Baker, W. L. 1993. Spatially heterogeneous multi-scale response of
landscapes to fire suppression. Oikos 66:66-71.

Barbouletos, C. S.; Morelan, L. Z.; Carroll, F. O. 1998. We will not
wait: why prescribed fire must be implemented on the Boise
National Forest. In: Pruden, T. L.; Brennan, L. A., editors. Fire in
ecosystem management: shifting the paradigm from suppression
to prescription. Tall Timbers Fire Ecol. Conference Procedure No.
20. Tall Timbers Research Station, Tallahassee, FL: 27-30.

Barrett, S. W. 1982. Fire’s influence on ecosystems of the Clearwater
National Forest: Cook Mountain fire history inventory. Clearwater
National Forest, Fire Management, Orofino, ID. 42+ p.

Barrett, S. W. 1988. Fire suppression’s effects on forest succession
within a central Idaho Wilderness. Western Journal Applied
Forestry 3:76-80.

Barrett, S. W. 1994. Fire regimes on andesitic mountain terrain in
northeastern Yellowstone National Park, Wyoming. Int. Journal
Wildland Fire 4(2):65-76.

Barrett, S. W.; Arno, S. F. 1982. Indian fires as an ecological
influence in the Northern Rockies. Journal Forestry 80:647-651.

Barrett, S. W.; Arno, S. F.; Key, C. H. 1991. Fire regimes of western
larch-lodgepole pine forests in Glacier National Park, Montana.
Canadian Journal Forestry Research 21:1711-1720.

Biondi, F. 1996. Decadal-scale dynamics at the Gus Pearson Natu-
ral Area: evidence for inverse (a)symmetric competition? Cana-
dian Journal Forestry Research 26:1397-1406.

Boyd, R., editor. 1999. Indians, fire, and the land in the Pacific
Northwest. Oregon State University Press, Corvallis, OR. 313 p.

Brown, J. K. 1975. Fire cycles and community dynamics in lodgepole
pine forests. In: Baumgartner, D. M., editor. Management of
lodgepole pine ecosystems, symposium proceedings. Coperative
Extension Service, Washington State University, Pullman, WA:
429-456.

Brown, J. K. 1995. Fire regimes and their relevance to ecosystem
management. In: Proceedings of Society of American Foresters
National Convention; 1994 Sept. 18-22; Anchorage, AK. Society
of American Foresters, Bethesda, MD: 171-178.

Brown, J. K.; Arno, S. F.; Barrett, S. W.; Menakis, J. P. 1994.
Comparing the prescribed natural fire program with presettlement
fires in the Selway-Bitterroot Wilderness. Int. Journal of Wild-
land Fire 4:157-168.

Brown, J. K.; Arno, S. F.; Bradshaw, L. S.; Menakis, J. P. 1995a.
Comparing the Selway-Bitterroot fire program with presettlement
fires. In: Brown, J. K.; Mutch, R. W.; Spoon, C. W.; Wakimoto,
R.H. tech. coords. 1995. Proceedings: symposium on fire in wilder-
ness and park management. USDA Forest Service General Tech-
nical Report, INT-320:48-54.

Brown, J. K.; Mutch, R. W.; Spoon, C. W.; Wakimoto, R. H., tech.
coords. 1995b. Proceedings: symposium on fire in wilderness and
park management; USDA Forest Service, General Technical
Report, INT-320.

Covington, W. W.; Fule, P. Z.; Moore, M. M.; Hart, S. C.; Kolb, T. E.;
Mast, J. N.; Sackett, S. S.; Wagner, M.R. 1997. Restoring ecosys-
tem health in ponderosa pine forests of the Southwestern United
States.  Journal Forestry 95(4):23-29.

Crane, M. F.; Fischer, W. C. 1986. Fire ecology of the forest habitat
types of central Idaho. USDA Forest Service, General Technical
Report, INT-218. 86 p.

Czech, B. 1996. Challenges to establishing and implementing sound
natural fire policy. Renewable Resources Journal 14(2):14-19.

Davis, K. M. 1977. The fire history of Coram Experimental Forest.
M. S. Thesis., University of Montana, Missoula, MT. 134 p.

Fellin, D.G. 1980. A review of some relationships of harvesting,
residue management, and fire to forest insects and disease. In:
Environmental consequences of timber harvesting in Rocky Moun-
tain coniferous forests. USDA Forest Service, General Technical
Report, INT-90:335-414.

Finney, M. A. 1998. FARSITE: Fire Area Simulator—model devel-
opment and evaluation. USDA Forest Service, Research Paper
RMRS-RP-4. 47 p.

Fischer, W. C.; Bradley, A. F. 1987. Fire ecology of western Montana
forest habitat types. USDA Forest Service, General Technical
Report, INT-223. 95 p.

Gabriel, H. W., III. 1976. Wilderness ecology: The Danaher Creek
drainage, Bob Marshall Wilderness, Montana. Ph.D. Disserta.,
University of Montana, Missoula, MT. 224 p.

Gruell, G. E. 1980. Fire’s influence on wildlife habitat on the
Bridger-Teton National Forest, Wyoming. Vol. 1—photographic
record and analysis. USDA Forest Service, Research Paper INT-
235. 207 p.

Hardy, C. C. 1999. personal comm. Research Forester, Rocky Moun-
tain Research Station, Missoula, MT.

Harrington, M. G. 1996. Prescribed fire applications: restoring
ecological structure and process in ponderosa pine forests. In:
Hardy, C. C.; Arno, S. F., editors. The use of fire in forest
restoration. USDA Forest Service, General Technical Report
INT-341: 41.

Hartwell, M. G.; Alaback, P.; Arno, S. F. [In press.] Comparing
historic and modern forests on the Bitterroot Front. In: Smith,
Helen Y., ed. The Bitterroot Ecosystem Management Research
Project: What we have learned. Symposium proceedings; 1999
May 18-20; Missoula, MT. Ogden, UT: U.S. Department of Agri-
culture, Forest Service, Rocky Mountain Research Station.

Hill, B. T. 1998. Western National Forests: Catastrophic wildfires
threaten resources and communities. U.S. General Accounting
Office, Congressional Testimony: GAO/T-RCED-98-273. 23 p.

Houston, D. B. 1973. Wildfires in northern Yellowstone National
Park. Ecology 54:1111-1117.

Johnson, E.A.; Larsen, C.P.S. 1991. Climatically induced change
in fire frequency in the southern Canadian Rockies. Ecology
71:194-201.



232 USDA Forest Service Proceedings RMRS-P-15-VOL-5. 2000

Keane, R. E.; Arno, S. F. 1993. Rapid decline of whitebark pine in
western Montana: evidence from 20-year remeasurements. West-
ern Journal of Applied Forestry 8(2):44-47.

Keane, R. E.; Garner, J. L.; Schmidt, K. M.; Long, D. G.; Menakis,
J. P.; Finney, M. A. 1998b. Development of input spatial data
layers for the FARSITE fire growth model for the Selway-Bitter-
root Wilderness complex, USA. USDA Forest Service, General
Technical Report RMRS-GTR-3. 66 p.

Keane, R. E.; Morgan, P.; Menakis, J. P. 1994. Landscape assess-
ment of the decline of whitebark pine (Pinus albicaulis) in the Bob
Marshall Wilderness complex, Montana, USA. Northwest Sci-
ence 68(3): 213-229.

Keane, R. E.; Ryan, K.C.; Finney, M. A. 1998a. Simulating the
consequences of altered fire regimes on a complex landscape in
Glacier National Park, USA. In: Pruden, T. L.; Brennan, L. A.
editors: Tall Timbers Fire Ecology Conference No. 20, Tall Tim-
bers Research Station, Tallahassee, FL: 310-324.

Keane, R. E.; Ryan, K. C.; Running, S. W. 1996. Simulating effects
of fire on northern Rocky Mountain landscapes with the ecologi-
cal process model FIRE-BGC. Tree Physiology 16:319-331.

Kilgore, B. M.; Curtis, G. A. 1987. Guide to understory burning in
ponderosa pine-larch-fir forests in the Intermountain West. USDA
Forest Service, General Technical Report INT-233. 39 p.

Kurth, L .L. 1996. Examples of fire restoration in Glacier National
Park. In: Hardy, C. C.; Arno, S. F. editors. The use of fire in forest
restoration. USDA Forest Service, General Technical Report
INT-341:54-55.

Leopold, A. S.; Cain, S. A.; Cottam, C.; Gabrielson, I. N.; Kimball, T.
L. 1963. Report of the Advisory Board on Wildlife Management in
the National Parks. Sierra Club Bulletin 48(3):4-11.

Lyon, L. J. 1984. The Sleeping Child Burn—21 years of postfire
change. USDA Forest Service, Research Paper, INT-330. 17 p.

McClelland, B. R. 1979. Habitat management for hole-nesting birds
in forests of western larch and Douglas-fir. Journal Forestry
77:480-483.

McGregor, M. D.; Cole, D. M. editors. 1985. Integrating manage-
ment strategies for the mountain pine beetle with multiple-
resource management of lodgepole pine forests. USDA Forest
Service General Technical Report INT-174. 68 p.

Minore, D. 1979. Comparative autecological characteristics of North-
western tree species—a literature review. USDA Forest Service,
General Technical Report, PNW-87.

Monnig, E.; Byler, J. 1992. Forest health and ecological integrity in
the Northern Rockies. USDA Forest Service, Northern Region,
Forest Pest Management Report 92-7. Missoula, MT. 18 p.

Morgan, P.; Aplet, G. H.; Haufler, J. B.; Humphries, H. C.; Moore,
M. M.; Wilson, W. D. 1994. Historical range of variability: a useful
tool for evaluating ecosystem change. Journal of Sustainable
Forestry 2:87-111.

Morgan, P.; Bunting, S. C.; Black, A. E.; Merrill, T.; Barrett, S. 1998.
Past and present fire regimes in the interior Columbia River
basin. In: Fire management underfire (adapting to change); proc.
of the 1994 Interior West Fire Council Meeting. International
Associatiion of Wildland Fire, Fairfield, WA:77-82.

Murray, M. P. 1996. Landscape dynamics of an island range:
interrelationships of fire and whitebark pine (Pinus albicaulis).
Ph.D. Disserta. University of Idaho, Moscow, ID. 121 p.

Mutch, R. W. 1997. Need for more prescribed fire: but a double
standard slows progress. In: Bryan, D. C. editor. Environmental

regulation and prescribed fire: legal and social challenges. Con-
ference Proceedings, Florida Division of Forestry. Tallahassee,
FL:8-14.

Nickas, G. 1999. Wilderness fire. Wilderness Watcher 10(1):4-5.
O’Laughlin, J.; MacCracken, J. G.; Adams, D. L.; Bunting, S. C.;

Blatner, K. A.; Keegan, C. E.; III. 1993. Forest health conditions
in Idaho: executive summary. Idaho Forest, Wildlife and Range
Experiment Station Report No. 11., University of Idaho, Moscow,
ID. 37 p.

Oliver, C. D.; Larson, B. C. 1996. Forest stand dynamics. Wiley, New
York. 520 p.

Parsons, D. J.; Landres, P. B. 1998. Restoring natural fire to
wilderness: how are we doing? In: Pruden, T. L.; Brennan, L. A.
Fire in ecosystem maangement: shifting the paradigm from
suppression to prescription. Tall Timbers Fire Ecology Confer-
ence Procedure No. 20. Tall Timbers Research Station, Tallahas-
see, FL:366-373.

Quigley, T. M.; Haynes, R. W.; Graham, R. T. technical editors. 1996.
Integrated scientific assessment for ecosystem management in
the Interior Columbia Basin. USDA Forest Service, General
Technical Report PNW-382. 303 p.

Reinhardt, E.; Keane, R. E.; Brown, J. K. 1997. First order fire
effects model: FOFEM 4.0 User’s Guide. USDA Forest Service,
General Technical Report INT-GTR-344. 65 p.

Romme, W. H. 1982. Fire and landscape diversity in subalpine
forests of Yellowstone National Park. Ecological Monographs
52:199-221.

Romme, W. H.; Despain, D. G. 1989. Historical perspective on the
Yellowstone fires of 1988. BioScience 39:695-699.

Scott, J. H. 1998. Fuel reduction in residential and scenic forests: a
comparison of three treatments in a western Montana ponderosa
pine stand. USDA Forest Service, Research Paper RMRS-5. 19 p.

Smith, J. K.; Fischer, W. C. 1997. Fire ecology of the forest habitat
types of northern Idaho. USDA Forest Service, General Technical
Report INT-363. 142 p.

Steele, R.; Arno, S. F.; Geier-Hayes, K. 1986. Wildfire patterns
change in central Idaho’s ponderosa pine-Douglas-fir forest.
Western Journal Applied Forestry 1(1):16-18.

Steele, R.; Geier-Hayes, K. 1993. The Douglas-fir/pinegrass habitat
type in central Idaho: succession and management. USDA Forest
Service, General Technical Report INT-298. 83 p.

Stickney, P. F. 1990. Early development of vegetation following
holocaustic fire in Northern Rocky Mountain forests. Northwest
Science 64:243-246.

Van Horn, F. 1999. personal comm. Fire Mgt. Officer, Glacier
National Park, West Glacier, MT.

Wellner, C. A. 1970. Fire history in the northern Rocky Mountains.
In: The role of fire in the Intermountain West, Proc. School of
Forestry, University of Montana, Missoula, MT:42-64.

Woodley, S. 1995. Playing with fire: vegetation management in the
Canadian Parks Service. In: Brown, J. K.; Mutch, R. W.; Spoon,
C. W.; Wakimoto, R. H. technical coordinators. Proceedings:
symposium on fire in wilderness and park management. USDA
Forest Service, General Techncial Report, INT-320:30-33.

Zack, A. C.; Morgan, P. 1994. Fire history on the Idaho Panhandle
National Forests. USDA Forest Service, Idaho Panhandle Na-
tional Forests, Coeur d’Alene, ID. 44 p.


