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Abstract

Advanced forest succession and associated accumulations of forest biomass in the Blue Mountains of Oregon and Washington
and Intermountain area have led to increased vulnerability of these forests to insects, diseases, and wildfire. One proposed
solution is large-scale conversion of these forests to seral conditions that emulate those assumed to exist before European
settlement: open-spaced stands (ca. 50 trees per ha), consisting primarily of ponderosa pine (Pinus ponderosa Laws.) and
western larch (Larix occidentalis Nutt.). We question how well presettlement forest conditions are understood and the
feasibility and desirability of conversion to a seral state that represents those conditions. Current and future expectations of
forest outputs and values are far different from those at presettlement times. Emphasis on prescribed fire for achieving and
maintaining this conversion raises questions about how well we understand fire effects on forest resources and values. We
consider here potential effects of prescribed fire on two key aspects of forest management—productivity and wildlife. Use of
large-scale prescribed fire presents complex problems with potential long-term effects on forest resources. Before
implementing prescribed fire widely, we need to understand the range of its effects on all resources and values. Rather than
attempting to convert forests to poorly described and understood presettlement seral conditions, it would seem prudent to
examine present forest conditions and assess their potential to provide desired resource outputs and values. Once this is
achieved, the full complement of forest management tools and strategies, including prescribed fire, should be used to
accomplish the desired objectives. We suggest a more conservative approach until prescribed fire effects are better understood.
© 2000 Elsevier Science B.V. All rights reserved.
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forests (Gast et al., 1991; Wickman, 1992; Everett et
al., 1993; Swetnam et al., 1995). With exclusion of fire
and introduction of white pine blister rust (Cronartium

1. Introduction

The Blue Mountains Province of the interior Pacific

Northwest is the focus of intense local, regional, and
national concern over widespread decline in health of
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ribicole J.C. Fisch.), the former northern forests of
western white pine (Pinus monticola Dougl.), ponder-
osa pine (P. ponderosa Laws.) and western larch
(Larix occidentalis Nutt.) were invaded by shade-
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tolerant coniferous tree species (Jurgensen et al.,
1997). The resulting composition and structural
changes predisposed these forests to attack by insects
and diseases, which otherwise play positive roles in
ecosystem function (Jurgensen et al., 1997), and to fire
(Agee, 1993; Hessburg et al., 1994). This problem is
not new to the region—the outbreak of Douglas-fir
tussock moth (Orgyia pseudotsugata McDunnough)
in the 1950s and 1970s suggested everything was not
right with these forests. Wellner (1978) emphasized
the pervasive consequence of fire control on plant
succession. He writes: “Forests, when uninterrupted
by management activities such as logging move more
rapidly toward climax conditions than in the days
before fire control.”” Selective harvest and thinning
removed seral species, such as ponderosa pine and
western larch, leaving a residual stand of shade-tol-
erant species such as Douglas-fir (Pseudotsuga men-
ziesii (Mirbel) Franco) and grand fir (Abies grandis
(Dougl.) Lindl.) (Wellner, 1978). Succession favoring
these species has also increased the supply of host
trees for the Douglas-fir tussock moth and western
spruce budworm (Choristoneura occidentalis Free-
man) (Stoszek, 1978; Wickman, 1992). Although
periodic outbreaks of these defoliators have been
documented for the past 300 years, severity and
frequency have increased in the 20th century (Swet-
nam et al., 1995).

Resource managers and scientists were sensitized to
the problem of advanced forest succession and wide-
spread supply of host trees (Douglas-fir and grand fir)
by the time the western spruce budworm outbreak
began in the early 1980s. One consequence of recog-
nizing the forest health problem in the interior Pacific
Northwest has been a recommendation to restore fire
to its presettlement role of maintaining forest stands in
a seral condition (Brown and Arno, 1991; Gast et al.,
1991; Richards, 1992; Everett et al., 1993; Mutch et
al., 1993). Conversion to seral species, such as pon-
derosa pine and western larch, is seen as one way to
reduce the proportion of host species for defoliating
insects (Mason and Wickman, 1988; Wickman, 1992).
Prescribed fire has been proposed as the primary
means to alleviate accumulated woody fuels and over-
stocked stands that make these forests so vulnerable to
wildfire. Mutch et al. (1993) conclude that reintrodu-
cing fire on a large scale is the most effective way to
restore forest health. They believe a ten-fold increase

in prescribed fire will be needed to restore the forests
in the Blue Mountains. They proposed a shift from the
way we now perceive and govern outputs, such as
smoke particulates and sediment load in streams, and
the way in which we protect values, such as wildlife
cover and scenery.

Emphasis on fire as a principal management tool to
restore health to the Blue Mountains raises several
questions about our understanding of how fire affects
forest ecosystems. Although information on effects of
both wild and prescribed fire on various components
of forest ecosystems is available, we are concerned
that the information is not being fully utilized in
planning prescribed burning for management pur-
poses. We maintain that managing for improved health
of forests in the Blue Mountains (or any forest) that
focuses on prescribed fire as a primary tool, needs to
use fire plans that have considered how fire affects all
of the important resources and values. Certainly, fire
affects nutrient pools, integrity and function of the
forest floor, plant species composition, soils, wildlife,
water yield and quality, air quality (including carbon
loading of the atmosphere), long-term forest produc-
tivity, and likely many other components of forest
ecosystems.

Interest in large-scale use of fire to restore it to its
perceived historical role in Western forests coincides
with worldwide concern about forest productivity
(Malkonen, 1975; Kimmins, 1977; Ballard and Ges-
sel, 1983; Grier et al., 1989; Vose and Swank, 1993;
Monleon et al., 1997). The International Union of
Forestry Research Organizations (IUFRO) considers
forest productivity of key importance and it is devot-
ing a substantial part of its effort toward solving
problems of forest productivity. Concern is directed
at establishing the relations between nutrient losses
associated with management strategies and changes in
forest productivity (Freedman, 1981).

In this paper, we focus on the effects of prescribed
fire on forest productivity and wildlife resources.
Neither subject has received in-depth consideration
in reports proposing prescribed burning as the primary
means of solving forest health problems (Brown and
Arno, 1991; Gast et al., 1991; Wickman, 1992; Everett
et al., 1993; Mutch et al., 1993). Our objective is to
suggest that a broader array of resource questions be
considered before prescribed burning is implemented.
We think the objectives of prescribed burning must be
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clearly defined and realistic estimates stated for out-
comes for all affected resources. If the objective is to
restore forest health (Wickman, 1992; Mutch et al.,
1993), then we suggest that forest productivity, wild-
life, biodiversity, and other resources and values are as
much a part of the forest health equation as are the
structure of a forest stand and its tolerance to fire.
Thus, management aimed at returning forests to an
open, seral condition should be carefully evaluated
from the perspective of all the key resources and
values. Can objectives for producing wood fiber, as
well as goals for wildlife habitat, biodiversity, soil
protection, and water and air quality be simulta-
neously met? We think the answer is yes. But, our
thinking must go beyond factors governing how a
given controlled burn will affect the forest stand,
the accumulated fuel load, and protecting life and
property.

We emphasize the Blue Mountains of eastern Ore-
gon and Washington because we have more experi-
ence with these forests, and this area was where the
Northwest forest-health problem first received wide-
spread attention. Considerations developed in this
paper, however, should apply to many temperate zone
forests of the United States.

2. An open, seral forest as a management goal

Before addressing issues related to implementing
prescribed burning on a large scale, we examine the
basis for developing management goals for stands now
densely stocked by shade-tolerant species, such as
grand fir, now considered unhealthy and at risk from
insects, diseases, and wildfires. The strategy (Mutch
et al.,, 1993) is to return these dense, overstocked
stands to open, parklike stands dominated by ponder-
osa pine and western larch. The strategy would be
achieved by harvest, thinning, mechanical residue
reduction, and prescribed fire. Short-interval (7-10
years) prescribed fire is the primary tool recom-
mended for maintaining subsequent stand conditions.

Tree spacing and species composition as described
by early immigrants and settlers, thought to persist
through the late 1800s, are perceived by some authors
(Wickman, 1992; Covington and Moore, 1994; Cov-
ington et al., 1997) as the goal. Certainly the docu-
mented accounts of immigrants and settlers may

accurately represent the forest conditions observed,
but how extensive and complete were these observa-
tions? As Hoover (personal communication, M.D.
Hoover, Rocky Mountain Research Station (retired))
observed,

It may be worth noting that travelers seek open
stands. Few trails pass through dense stands by
choice. Naturally, early wagon passengers and
horsemen saw open stands. Also, photographers
and artists favored more open forests and avoided
dense stands for their illustrations. This could
bias our impression of past conditions.

Questioning recommendations that forests be
returned to ‘presettlement’ successional status seems
important. Following Hoover’s reasoning and ponder-
ing literature on the subject, we question how well
presettlement forest conditions are understood. How
pervasive was the influence of fire throughout forests
of the Blue Mountains? Hall (1976) indicates that the
ponderosa pine/pinegrass (Calamagrostis rubescens
Buckl.) association was burned by surface fires at
7-10-year intervals. Of 22 habitats now dominated
by grand fir and subalpine fir (Abies lasiocarpa
(Hook.) Nutt.) listed by Johnson and Clausnitzer
(1992), however, only three were historically seral
ponderosa pine that were burned by periodic surface
fires (personal communication, Dr. F.C. Hall, Pacific
Northwest Region, USDA Forest Service). In stands
dominated by grand fir, Douglas-fir, and western larch,
Hall (1973) determined that dominant trees were 120
to >200 years old. Periodic surface fires would have
eliminated firs and resulted in seral stands of western
larch and ponderosa pine. Hall’s findings suggest that
stand-replacement fires predominated in those stands
and that periodic surface fires mainly affected the true
ponderosa pine associations. Heyerdahl (1997) con-
structed fire history from the late 1600s to the present,
using fire scars and clusters of seral cohorts in northern
and southern Blue Mountains. High frequency of
recurrence, low severity fires historically occurred
in the dry grand fir, Douglas-fir, and ponderosa pine
forest associations. In mesic grand fir and subalpine fir
forest associations, fires were historically of low
recurrence frequency and moderate or high severity.

Characterizations of presettlement forests allude to
their openness and give qualitative descriptions of
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stand structure (Cooper, 1960; Biswell, 1973; Wick-
man, 1992; Covington and Moore, 1994); an excep-
tion is White’s (White, 1985) analysis of a ponderosa
pine natural area. He analyzed age-structure and
mapped stem spatial distribution of 268 trees (106—
410 years old) that originated prior to European set-
tlement. Covington and Moore (1994) attempted to
reconstruct forest floor accumulation, forage produc-
tion, streamflow, and other resource information from
simulation models. But what do we know about how
these systems actually functioned—their biogeochem-
istry? Specifics are lacking (Bonnickson and Stone,
1985). At this stage in maturity of the forest sciences,
we should be able to describe—more precisely than
merely ‘presettlement’—the conditions constituting a
healthy forest. Bonnickson and Stone (1985) make the
case for developing quantitative standards for natural
structure and function of ecosystems as a basis for
judging effectiveness of management practices in
national parks. In a similar vein, Johnson and Mayeux
(1992) suggest that few, if any, truly stable and natural
plant assemblages exist, and that we should be bold
enough to shape and synthesize new ecosystems, even
in ‘natural’ environments.

Following-up on these thoughts, perhaps a science-
based approach that looks quantitatively at the various
components, values and functions of ecosystems may
be the key to describing healthy forest ecosystems.
The status (condition) of any one resource may not be
maximized in the ‘healthy forest’, however. Sacrifices
in terms of productivity may be likely in most vegeta-
tion classes—trees, forbs, and shrubs. Widely spaced
trees of slow-growing species will likely be less
productive than a wider array of species (including
Douglas-fir and grand fir) with higher densities (Hall,
1976; Johnson and Clausnitzer, 1992). In a study of
responses of ponderosa pine to thinning at several
Western locations, Oliver and Edminster (1988) indi-
cate that stands thinned to 10 m?* basal area per hectare
to achieve open-spaced trees added 1.2 m’ of wood
annually compared to 1.9 m® in stands thinned to
25 m® basal area per hectare. Although individual
trees grew faster in more open stands (as expected
from results of numerous thinning studies), total
volume production was clearly reduced. This informa-
tion provides a clue to productivity expectations when
ponderosa pine stands are converted to open, parklike
stands. From the standpoint of other resources, what is

the effect of 10 m* vs. 25 m* of timber basal area?
From a wildlife perspective, what populations of
large wild herbivores, such as deer and elk, can be
supported as timber basal area is reduced? How will
threatened and endangered or sensitive wildlife spe-
cies that prefer successionally mature forested habitats
respond?

Alleviation of insect and disease problems has been
cited as one of the primary reasons for converting
mixed conifer forests to dominance of seral tree
species, primarily ponderosa pine and western larch.
We wonder how well the insect and disease problems
associated with this conversion are understood. Both
tree species are affected by numerous insect and
disease agents (Schmidt and Shearer, 1990; Oliver
and Ryker, 1990).

The next question is about the feasibility of return-
ing these stands to a condition that emulates preset-
tlement species composition and spacing (even if we
knew what they were). Emerging ecological theory on
community thresholds, stable states, and succession
(Laycock, 1991; Tausch et al., 1993) suggests that this
task may not be simple. Nearly 100 years of fire
exclusion, possible climate changes, and past manage-
ment practices may have caused these communities to
cross thresholds and to reside now in different steady
states. If so, returning to some previous condition may
be difficult to achieve, expensive to maintain, or both.
Baker (1992) is straightforward in his conclusion that
“landscapes that have been altered by settlement and
fire suppression cannot be restored using traditional
methods of prescribed burning, which will simply
produce further alteration.”

Tausch et al. (1993) are helpful in developing a
perspective on the natural range of variability of
forests of the Blue Mountains. They conclude that
plant communities are unique at each location and
difficult to define precisely. Climate and climate
change have been key factors in the responses of
individual plant species and in the composition of
plant communities. Their suggestion that we do not
have the knowledge to describe the interaction
between ecosystems and climatic change seems
highly applicable to the Blue Mountains. Our present
view of the natural range of variability is an obscure
‘snapshot’ relative to the span of time since the last
glaciation and since the eruption of Mt. Mazama ca.
6600 years bp (Baldwin, 1964).
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Tree-ring analysis by Fritts et al. (1979) raises
further doubt about the validity of the narrow window
of time (1850-1900) used by Caraher et al. (1992) to
assess the natural range of variability of forest eco-
systems in the Blue Mountains. Even since 1602,
several climatic shifts and associated shifts in tree
composition have occurred in the interior Pacific
Northwest. Pollen assemblages examined by Fritts
et al. (1979) showed three periods since 1602 when
ponderosa pine and lodgepole pine decreased. These
responses were apparently related to higher winter
precipitation as reconstructed by Fritts et al. (1979).
Western white pine, representing more mesic condi-
tions, either displayed an opposite response or
remained constant.

3. The blue mountain forests: physical and
biological setting

In order to understand the potential ecological
consequences of reintroducing fire on a large scale
in the Blue Mountains, understanding the physical
setting and the successional status of the vast mixed
conifer type of this locale is helpful, as is some
knowledge of the factors that limit productivity.

Soils of much of this region developed from
Mazama volcanic ash and are juvenile with poorly
defined horizons. Geist and Cochran (1991) describe
the 50-60-cm ash profiles of eastern Oregon as
light colored, of silt-loam texture, and weakly struc-
tured. Ash generally overlies buried soil derived
from Columbia River basalt that enveloped the
area from 53 to 17 million years ago (Baldwin,
1964). The buried soil is typically silty clay to clay
loam in texture (Geist and Cochran, 1991). Total and
available nitrogen and sulfur are typically limiting
in soils developed from volcanic ash (Tiedemann
and Klock, 1977; Geist and Strickler, 1978; Tiede-
mann et al,, 1998). Precipitation ranges from ca.
20cm at Pendleton, OR (700 m elevation) to
140 cm at the High Ridge Barometer Watersheds at
1700 m elevation (NOAA, 1984; Fowler et al., 1979).
Until recently, water was considered the primary
limiting factor in these soils, but a closer examination
of limiting factors by Riegel et al. (1991) shows
water and nutrients (in their study, only N) may
be about equally limiting to understory growth.

Similar limitations likely would apply to growth
of trees.

Forested areas of eastern Oregon span a gradient
from the warm-dry western juniper (Juniperus occi-
dentalis Hook.) zone to the cool-moist subalpine fir/
Engelmann spruce (Picea engelmannii Parry) zone.
Focus of the forest health problem is the mixed conifer
type that occupies mid- to high-elevation areas (1000-
1700 m). These sites typically have a mix that may
include as many as six conifer species. Sites that
support lodgepole pine (Pinus contorta Dougl.), Dou-
glas-fir, ponderosa pine, western larch, Engelmann
spruce, and grand fir are not uncommon. At higher
elevations, >1500 m, subalpine fir becomes part of the
species mix. Mixed conifer sites often have grand fir
>120 years old with abundant grand-fir regeneration.

4. Forest succession: biomass and nutrient
accumulation

Several authors (Stoszek, 1978; Wellner, 1978;
Wickman, 1992; Mutch et al.,, 1993; Swetnam
et al., 1995) have suggested that effective fire control,
together with selective removal of large trees of seral
species has resulted in a shift in dominance to shade-
tolerant Douglas-fir, and grand fir. From a forest-
succession perspective, this shift may be a natural
sequence of events for these forests. A consequence of
this advance in succession was increased accumula-
tion of aboveground biomass and nutrients in standing
live trees, standing dead trees (snags), downed wood
(boles and branches), and the forest floor (Odum,
1969; Rodin and Bazilevich, 1967; Major, 1974).
Hamilton and Wykoff (1988) used the Stand Prognosis
Model (Stage, 1973) to predict tree productivity at
various stages of stand development in the northern
Rocky Mountains. Up to age 60, stands managed to
favor intolerant tree species were more productive
than those favored tolerant species. Between age 60
and 150 years, stands that managed to favor tolerant
species were more productive. In the Blue Mountains,
stands dominated by ponderosa pine were lowest in
productivity (1.4-3.5m®ha~' year ') among those
measured by Johnson and Clausnitzer (1992). Produc-
tivity of stands dominated by Douglas-fir and grand fir
were substantially greater (3.5 to >83m’ha”!
year '). On Meeks Table Research Natural Area in
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central Washington (Tiedemann and Klock, 1977; data
on file, Tiedemann), basal area was nearly twice as
great in a mixed conifer stand (66 m?ha~') as in an
adjacent old-growth ponderosa pine stand (39 m* ha™');
forest floor was 31% greater in the mixed conifer
stand. Large ponderosa pine in the mixed conifer stand
(some alive and some dead) indicated that ponderosa
pine was seral to the mixed conifer stand. To our
knowledge, these data are the only ones available for
comparing old-growth ponderosa pine and mixed
conifer on similar sites. These comparisons, although
limited in scope, lend support to our hypothesis that
biomass in forest communities of the interior North-
west increases with advancing succession.
Information on nutrient accumulation in above-
ground biomass for interior Northwest stands is lim-
ited. Brown (1977) studied biomass and nutrient
distribution of two stands in eastern Washington;
one was mixed conifer and the other was dominated
by Douglas-fir. In the mixed conifer stand, 39% of N in
the system was contained in aboveground biomass
components (trees, 24%; forest floor, 15%). Unders-
tory was a minor component. In the Douglas-fir stand,
22% of the site N was in aboveground components,
about equally distributed between tree components
and the forest floor. Although the two sites are not
directly comparable from a successional standpoint,
the mixed conifer was likely more advanced than the
Douglas-fir stand. Brown’s (Brown, 1977) results
appear to confirm our concern that the proportion of
a site’s total nutrient capital in a vulnerable above-
ground position increases with advancing succession.

5. Some thoughts about burning the forest floor

Although we focus on forest floor because of its
acknowledged importance to forest ecosystems, we
allude briefly to coarse woody debris (CWD), which
includes forest detritus other than fine litterfall. In
contrast to litterfall, which occurs annually following
leaf senescence, and immediately becomes forest
floor, CWD arises mostly from disturbance, varies
greatly in space and time, and is low, but variable,
in rate of decay and nutrient content, except organic C
(Harmon et al., 1986; Arthur and Fahey, 1990; Busse,
1994). Initially, CWD appears as loosely arranged,
scattered debris above the forest floor, or as snags. If it

escapes fire, much CWD may be incorporated even-
tually into the forest floor (Jurgensen et al., 1997).
Although CWD until recently, has been neglected in
forest ecosystem studies, its importance to physical,
chemical and biological functioning of forests, includ-
ing nutrient cycling, is now being recognized (Maser
and Trappe, 1984; Harmon et al., 1986; Jurgensen
et al., 1997; Hagan and Grove, 1999).

5.1. Relevance of structure and function of forest

floor

The forest floor is a key component in the biology of
forest ecosystems, but it is probably more affected and
more likely to be lost by fire than any other component
of forest ecosystems (Page-Dumroese et al., 1991).
According to McNabb and Cromack (1990), “The
most important criterion for reducing nutrient losses
from prescribed burning is to minimize the loss of the
forest floor.” With low intensity wildfires and, in many
prescribed fires, the forest floor may be the only part of
the forest to burn. If forest floor is viewed only as the
annual accumulations of dead plant and animal
remains, loss of forest floor may seem inconsequen-
tial, even when fire is used frequently in pursuit of
short-term goals of productivity or naturalness (Sack-
ett et al., 1993; Covington et al., 1997). But, when
viewed in terms of the complex chemical, physical,
and biological processes that take place during decom-
position of these dead organic resources (Swift et al.,
1979), loss of forest floor by burning does have
consequences that warrant careful consideration.

Decomposition in the forest floor performs two
major functions—mineralization of nutrients and
the formation of soil organic matter (Swift et al.,
1979); both are key to long-term ecosystem produc-
tivity and stability. When the forest floor is burned too
frequently, nutrient replenishment and organic matter
formation are diminished. Other roles and attributes
ascribed to the forest floor are that it serves as the
essential linkage between nutrient cycling processes,
both above- and belowground; provides protection to
the soil surface and improves soil architecture; facil-
itates water absorption and retention; and moderates
soil temperatures (Kittredge, 1948; Harvey et al.,
1976; Wells et al., 1979; Page-Dumroese et al., 1991).

In view of the extensive literature on forest floor, its
organization, structure, and properties are well known
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for most forests (Kittredge, 1948; Hoover and Lunt,
1952; Soil Survey Division Staff, 1993) and explain
how loss of forest floor can be costly to its functional
processes when fires are too intense or too frequent.
The dilemma, in terms of the forest floor alone, is not
“burning or no burning’’; it involves figuring out when
and how to burn, and the minimum interval between
burns without unacceptable risks to productivity.
Clearly, the cost of burning to forest-floor resources
is less when the upper layer is burned than when lower
layers are burned. This follows from the steep gradient
in most forest-floor properties (e.g. decomposition
activity, microbial biomass, concentration and mass
of nutrients) with increasing forest-floor depth. Thus,
if the goal of management is to minimize losses of
these resources during a prescribed burn, fire should
be planned when the upper layer of forest floor is dry
enough to carry a fire, but lower layers are wet enough
not to be consumed. Though logistically difficult, this
can be achieved (Klemmedson et al., 1962). If these
conditions are not achievable, when the priority for
burning is otherwise high, the cost of burning the
entire forest floor can be lowered by extending the
time of recovery before the next planned burn. This
also would apply when burning is planned to expose
mineral soil for tree regeneration.

5.2. Nutrient content

With maturity and later successional stages, the
forest floor becomes an increasingly significant pool
of nutrients in the cycling process (Rodin and Bazi-
levich, 1967; Odum, 1969; Page-Dumroese et al.,
1991). In Western-montane forests, total N in the
forest floor ranged from 128 kg ha™' for ponderosa
pine to 787 kg ha™' in cedar/hemlock stands (Page-
Dumroese et al., 1991). Forest floors of five, succes-
sionally mature, mixed conifer stands in the Blue
Mountains contained 680, 108, and 68 kg ha~! of
N, P, and S, respectively (Tiedemann et al., unpub-
lished manuscript). For an Arizona ponderosa pine
stand, Klemmedson (1975) reported 291 kg ha' of N
in the forest floor, a small amount compared to soil N
(5200 kg hafl), but not much smaller than that in the
standing trees (415 kg ha™'). Because this forest floor
was only 4 cm thick, nutrients here were more highly
concentrated than elsewhere in the ecosystem, and
more readily available, that is, they had lower mean

residence time than those in the soil component (Paul,
1970; Campbell, 1978). As the forest floor thickens in
cooler, moister forests, its importance as a concen-
trated nutrient pool becomes even more important.

5.3. Decay and nutrient cycling in forest floors

Fire exclusion from forests is often said to result in
steady accumulation of litter (Covington and Sackett,
1984), and stagnation of decomposition and nutrient
recycling processes (Biswell, 1973; Covington and
Sackett, 1984, 1986, 1990). As a remedy for perceived
stagnation in decomposition and nutrient cycling,
frequent or repeated burning has been suggested to
release nutrients, increase N availability and improve
productivity (Covington and Sackett, 1986, 1990;
Covington et al., 1997).

In reality, few, if any, temperate forests have nutri-
ents literally tied up or bound in the forest floor. With
little or no disturbance, forest floors are steady-state
systems with the mineral soil beneath. The annual rate
of additions of organic material to the forest floor
equals losses (Jenny et al., 1949; Olson, 1963) through
evolution of gases and migration of soluble and dis-
persed humic substances into the mineral soil. In
practice, Klemmedson et al. (1962) found close agree-
ment with this relation for a second-growth California
pine forest: the annual transfer of N (12.4 kgha™")
from the forest floor and loss rate (k = 3.28%), cal-
culated experimentally, agreed closely with N content
of annual litterfall (13.7 kgha™") and the loss rate
(k = 2.95%) calculated by steady-state considerations
(Jenny et al., 1949; Olson, 1963).

One reason for the perception that forest floor is
steadily accumulating in the absence of fire may be
that fine forest detritus has been classified differently
for fuel characteristics than it is in describing forest
floor as a component of the soil-plant system. Woo-
dard (1977, 1993) includes in a litter category of
‘fuels,” the L or O; layer of forest floor together with
branches up to 7.6 cm, yet branches of this size decay
much more slowly than leaves or needles of the L
layer. Failure to discern these differences may give an
observer the impression that litter is accumulating and
decomposition stagnating.

The perception that litter is accumulating probably
also comes from the inherently low decay rates of
forest floors of coniferous forests (1-12%), especially
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in semi-arid, alpine and Arctic regions (Jenny et al.,
1949; Olson, 1963; Edmonds, 1979); decay of CWD is
even slower (Harmon et al., 1986).

5.4. Effects of fire on forest-floor nutrients

Fire alters physical, chemical, and biological prop-
erties of the forest floor and interrupts or modifies the
orderly transfer of nutrients from the forest floor to the
soil. Burning oxidizes the forest floor, resulting in
direct loss of elements to the atmosphere as volatilized
compounds—when  critical  temperatures  are
reached—or as particulates carried away in smoke
or released as oxides to the ash layer (Tiedemann,
1981; Woodmansee and Wallach, 1981; Raison et al.,
1984; McNabb and Cromack, 1990; DeBano, 1991;
DeBano et al., 1998). In some forests, leaching loss of
nutrients deposited in the ash is possible (Stark, 1977),
when precipitation is adequate for percolation below
the root zone, and when capacity of vegetation for
uptake and/or soil nutrient storage capacity are insuf-
ficient to retain nutrients (cations and anions) carried
into the soil from ash after fire (Tiedemann et al.,
1979).

Nitrogen, S, P and K are all susceptible to volati-
lization loss by burning (Klemmedson, 1976; DeBano
and Conrad, 1978; Raison et al., 1984; Tiedemann,
1987). Nitrogen is lost at temperatures as low as 200°C
(DeBano, 1991); Raison (1979) reported thermal
decomposition of nitrite and nitrate >150°C. At
temperatures as low as 375°C, loss of S can be
substantial (Tiedemann, 1987). As temperatures
approach 800°C, virtually all N and S are volatilized.
At 775°C, phosphorus (P) and potassium (K) are
volatilized. Loss of P can be ecologically significant;
this may be expected if its loss from burned sites
is long-term because of low replacement rates (Raison
et al., 1984; Wienhold and Klemmedson, 1992). Oxi-
des of calcium (Ca) and magnesium (Mg), and
nonvolatilized portions of N, S, P, and K are deposited
as ash in largely available forms (Woodmansee and
Wallach, 1981; Tiedemann, 1981; DeBano et al.,
1998). In any given fire, spatial variation in site
configuration, fuel loading, fuel moisture, and weather
will influence fire intensity and burning temperatures
(Swift et al.,, 1993). As burning temperatures vary
spatially, so too will nutrient losses. Nutrients, or
portions of them, that escape volatilization or convec-

tion to reside in the ash or surface soil are readily
available, hence vulnerable to leaching and erosion
(Tiedemann et al., 1979; Wells et al., 1979; Wienhold
and Klemmedson, 1992), or to loss by repeated burn-
ing (Wright and Hart, 1997).

Since N is usually limiting in forest and grassland
soils, increase in N availability after fire is an advan-
tageous result of prescribed burning (Woodmansee
and Wallach, 1981; Covington and Sackett, 1986,
1992). Increase in N availability is not always
observed after fire, however, (Vance and Henderson,
1984; Ojima et al., 1988; Monleon et al., 1997), and it
is short-lived, usually lasting only a year or so
(Kovacic et al., 1986; Monleon et al., 1997). The
increase results from direct conversion to available
forms (Kovacic et al., 1986), mineralization (Ojima
et al., 1988; Covington and Sackett, 1992), or mobi-
lization by microbial biomass through the fertilizing
effect of ash nutrients and improved microclimate
(Koelling and Kucera, 1965; Hulbert, 1969; Ojima
et al., 1988).

5.5. Repeated burning of the forest floor

Although short-term increased N availability is
used as a justification for frequent, repeat prescribed
burning (Covington and Sackett, 1986, 1992; Coving-
ton et al., 1997), this practice, if carried out long-term,
may risk future forest productivity. Below, we cite
results of studies of repeated annual or two-year
burning. Unfortunately, studies have not been con-
ducted for intermediate intervals (5-15 years), so we
can only surmise costs and benefits for burning on this
schedule.

Recent studies by Binkley et al. (1992) have shown
reduced pools of C, N, and S in the forest floor after 30
years of annual burning. From a review of 20 years of
the two-year-interval burning in ponderosa pine,
Wright and Hart (1997) concluded that N had been
substantially depleted in forest floor and surface soil.
Monleon et al. (1997) found that a surface fire in
ponderosa pine resulted in decreased concentration of
total surface soil C, N, and inorganic N after four
years. Mineralization of N was reduced, even after 12
years, indicating reduced substrate quality. In oak—
hickory forests, annual and periodic burning over 30
years negatively influenced N availability (Vance and
Henderson, 1984), largely through the effects on
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substrate quality that lowered rates of N mineraliza-
tion. Ojima et al. (1994) reported similar findings from
repeated annual burning of tallgrass prairie.

Results of long-term studies described here point
out potential problems of repeated burning when long-
term costs to the ecosystem of attempts to capitalize
on short-term gains (such as improved N availability)
have not been considered or perhaps are not under-
stood. Earlier (Klemmedson and Tiedemann, 1995),
we alluded to the problem of focusing too much
attention on nutrient availability, without monitoring
other critical parts of the nutrient regime when effects
of prescribed burning are evaluated. Nutrient cycles
are indeed complex. Hence, when the focus of pre-
scribed burning is narrow (for example, opening the
stand, improving N availability), the likelihood is high
of a false sense of success from one or two positive
results, when negative results for less obvious para-
meters (such as labile soil C and N pools, and micro-
bial activity in the forest floor and soil) may have
escaped attention, only to appear years later in more
obvious expressions of negative results, such as
declining long-term productivity. Studies of Ojima
et al. (1994) are relevant: their findings, using a broad
approach that focused on internal biogeochemical
dynamics of tallgrass prairie in response to annual
burning, offer insight to understanding responses
to the long-term, short-interval burning studies
described here. In the short-term, fire in the prairie
enhanced microbial activity, increased production
above- and belowground, and increased N use
efficiency. But in the long-term, repeated annual
burning resulted in lower inputs of C and N to the
labile pool, higher C:N ratios of organic matter
(reducing quality of the organic matter), lower micro-
bial biomass, and lower N availability. Because of
compensating shifts in C allocation, plant N use
efficiency, and species adaptation, production in the
tallgrass prairie has not been diminished (Ojima et al.,
1994). The tallgrass prairie appears to be unique in this
respect, however; we have not seen evidence for such
adaptive shifts in forest systems to effects of repeated
burning on the soil C and N pool described by Ojima
et al. (1994).

Combustion of forest fuels invariably involves loss
of nutrients, depending on burning conditions. Losses
of N documented from prescribed burning are of chief
concern. Little and Ohmann (1988) measured N losses

of up to 666 kg ha™' from forest floor during burning
of logging residues. Loss of N was directly propor-
tional to consumption of organic material; others
(Raison et al., 1984; Vose and Swank, 1993) report
similar findings. Borchers et al. (1993) estimated that
46% of the N stored in trees, the surface soil, and
forest floor was lost during clearcutting and burning in
southwestern Oregon. They concluded that N lost
would not likely be replenished by the end of the
80-100-year rotation. In central Oregon, burning con-
sumed as much as 60% of the forest floor biomass
(Landsberg, 1992) and resulted in a loss of
414kgha' of N (Shea, 1993; cited by Monleon
et al,, 1997). Monleon et al. (1997) also did not
observe the increase in N-mineralization and available
N after burning as was reported by Covington and
Sackett (1992) and others.

6. Effects of prescribed fire on forest productivity

Long-term productivity is a concern in developing
strategies to solve the forest-health problem (Gast
et al., 1991; Wickman, 1992; Everett et al., 1993).
Objectives for achieving sustainable productivity have
not been well defined for Western forests, however,
and existing guidelines are vague. Everett et al. (1993)
suggest that forest managers define desired future
stand conditions and focus management efforts on
achieving them. Any prudent plan should describe
management goals in terms of forest productivity,
biodiversity, wildlife habitat, and other resource out-
puts and values.

A primary concern whenever prescribed fire is used
in forest management is loss of nutrients and impaired
site productivity. This concern increases with changes
in nutrient status that accompany successional
advancement of forest systems in the absence of
periodic fire. These changes usually involve increased
accumulation of nutrients above the ground, much of it
in the forest floor, and raise concern about the fate of
these nutrients with careless use of fire or failure to
consider fuel nutrients in fire plans. If sites that can be
burned are treated without harvest, much of the nutri-
ent capital accumulated in the forest floor is vulnerable
to loss. If sites are harvested and residues are burned,
not only will nutrients removed in trees be lost, but
also—potentially—much of the nutrient pool in slash
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and forest floor, depending on burning conditions.
Thus, the potential to adversely affect long-term site
productivity is always present.

Evidence of reduced productivity is shown in the
simulation model developed by Keane et al. (1990).
Their 200-year simulation model compares develop-
ment of basal area of ponderosa pine, western larch,
and Douglas-fir under regimes of no fires with basal
areas of the same species under fire intervals of 10, 20,
and 50 years. At a fire interval of 10 years, the basal
areas of ponderosa pine and western larch were pre-
dicted to decline by 50% or more in 200 years.
Reductions of basal area of both species were pre-
dicted at the 20-year interval, but not as dramatically
as with the 10-year interval. Under the 50-year inter-
val, basal area of ponderosa pine and Douglas-fir both
increased and that of western larch declined. The
model indicated that, in the absence of fire, basal area
of Douglas-fir would increase steadily to the year 200.
Although basal area of ponderosa pine and western
larch declined, the total basal area predicted for the
site was greater (ca. 70 m’ hafl) than that with any
other simulation. The 50-year fire-interval simulation
provided the next greatest basal area of about
50 m*ha™".

Landsberg (1994) provides the most comprehensive
assessment of the effect of prescribed fire on forest
productivity. In a review of more than 50 studies of the
effects of prescribed fire on tree growth in the genus
Pinus, she concluded that growth response can be
affected by many factors: species, stand characteris-
tics, tree characteristics, and burning conditions. The
consensus of the studies, however, was that tree
growth decreased after prescribed burning because
of injury to crowns, roots, or both.

Concern for effects of burning on productivity was
expressed as early as 1924 in a paper by Show and
Kotok (1924) for pines and associated tree species in
California. Powers (1991) concludes that productivity
of forests has declined because of substantive losses of
surface organic matter and declines in soil porosity as
a consequence of harvest activities and burning. Boyer
(1987) reported that periodic burning of longleaf pine
(P. palustrus Mill.) over a 10-year period for unders-
tory hardwood control reduced pine growth, regard-
less of season of burning.

Reasons cited for reduced productivity after pre-
scribed burning vary. Landsberg (1994) summarizes

several reasons: direct injury to tree stems, crowns,
and roots; reduction in microorganisms such as
mycorrhizae, with concurrent reductions in nutrient
availability; reduced photosynthetic capacity; and
changes in carbon allocation.

The evidence indicates that losses from the forest-
floor nutrient pool associated with prescribed burning
can impair long-term productivity (Grier et al., 1989;
Landsberg, 1992; Klemmedson and Tiedemann,
1995). The relation between fire-induced changes in
the nutrient status of the forest floor and the actual
productivity of the residual stand has not been estab-
lished. Vose and Swank (1993) conclude that major
pools of nutrients in woody material and the forest
floor dictate a fire management strategy that places a
high priority on maintaining an intact forest floor.
They advise a balance between the desire to reduce
logging slash and competition while minimizing for-
est-floor consumption. Observed reductions in growth
of ponderosa pine after prescribed burning in central
Oregon (Cochran and Hopkins, 1991; Landsberg,
1992) may be attributed to changes in the nutrient
status of the forest floor/soil system (Monleon et al.,
1997). They observed reduced mineralization of N in
N-poor ponderosa pine stands in eastern Oregon for up
to 12 years after burning and concluded that this
reduction may explain the observed pattern of long-
term productivity decrease in these stands.

7. Potential effects of prescribed burning on
wildlife

The consequences of large-scale prescribed burning
on wildlife in the Pacific Northwest are largely
unknown because studies have been limited to inves-
tigating the effects of small prescribed burns on
specific species for a relatively short time after burn-
ing. Prescribed burning may not always be compatible
with other management objectives incorporating tim-
ber harvest, road building, recreation, and wildlife
populations. The potential effects of prescribed burn-
ing on a landscape scale should be examined carefully
to determine if the changes caused by prescribed
burning are compatible with other management objec-
tives for wildlife. Some of the more obvious potential
consequences of large-scale prescribed fire are
described below.



A.R. Tiedemann et al./Forest Ecology and Management 127 (2000) 1-18 11

Historically, in the Blue Mountains most short-
interval surface fires were in ponderosa pine associa-
tions (Hall, 1976). Grand fir, subalpine fir, and western
larch associations were primarily subjected to long-
interval (i.e. 150-200 years), stand-replacement fires
(personal communication, F.C. Hall, Pacific North-
west Region, USDA Forest Service). Much of the
prescribed burning in the Blue Mountains and recom-
mended in the draft Columbia River Basin Environ-
mental Impact Statement (EIS) is aimed at reducing
fuels in ponderosa pine stands and converting mixed
conifer stands to seral ponderosa pine and western
larch. Structural changes resulting from these types of
burns would significantly affect some wildlife by
reducing the amount of down wood, reducing numbers
of older snags, and changing the vegetative species
composition of the stands.

7.1. Down wood

The loss of down wood in forested stands through
the use of prescribed fire may affect some wildlife
species detrimentally, although effects of large-scale
reduction in down wood are not presently well under-
stood. In ponderosa pine associations, down wood is
sparse because of periodic surface fires (Hall, 1976).
In contrast, down wood is abundant in grand fir,
subalpine fir, and western larch associations because
of the long interval between stand-replacement fires.
Down wood comprises 38% of the foraging substrate
used by pileated woodpeckers (Dryocopus pileatus)
(Bull and Holthausen, 1993). The main food items are
carpenter ants (Camponotus spp. ) and thatching ants
(Formica spp. ) in the Blue Mountains (Bull et al.,
1992). Northern flickers (Colaptes auratus) and black-
backed woodpeckers (Picoides arcticus) also forage
on down logs. A high percentage of the diet of black
bears (Ursus americanus) during the summer and fall
consists of ants found in down wood (E.L. Bull, data
on file).

The ants that inhabit logs are a primary food source
for pileated woodpeckers also serve an important role
in forest health. Ants are predators of the western
spruce budworm, one of the most important forest-
defoliating insects in the Pacific Northwest (Torgersen
et al., 1990). Inadequate amounts and kinds of down
wood could affect the beneficial role that foliage-
foraging ants and other forest-floor arthropods have

in maintaining forest health (Torgersen and Bull,
1995). Fellin (1980) found that populations of all
forest-floor arthropods were significantly lower on
areas that had been harvested and burned compared
to adjacent undisturbed forests three years after treat-
ment. Thus, prescribed burning of residues severely
affects many groups of forest-floor fauna by directly
killing the organisms and by removing woody material
and forest floor that are required by these insects for
food and shelter (Fellin, 1980). Many species of
forest-floor arthropods are predators of the western
spruce budworm and some species of budworm para-
sites depend on the forest floor for a portion of their
life cycle.

Down wood also provides cover for small mam-
mals, rubber boas (Charina bottae), long-toed sala-
manders (Ambystoma macrodactylum), black bears,
American martens (Martes americana), and others.
American martens use hollow logs for denning and
shelter in mixed conifer stands. Black bears use
hollow grand fir and western larch logs for hiberna-
tion. Heavy accumulations of ‘jackstrawed’ down logs
are critical to martens in the winter because they
provide spaces under the snow where martens rest
and hunt in the Blue Mountains (E.L. Bull, unpub-
lished data). These under-snow areas are also used
extensively by red squirrels (Tamiasciurus hudsoni-
cus), which are a primary prey item of martens in the
winter.

Of the amphibians and reptiles that live in forests of
the Blue Mountains, the rubber boa may be the most
vulnerable to fire because it spends much of the time
hiding under fallen logs or other debris on the ground
(Mushinsky, 1994). The rubber boa may require spe-
cial consideration to ensure that its survival is not
threatened by prescribed burning (Mushinsky, 1994).

Although most logs used for foraging, denning, and
hibernating are large in diameter, small-diameter logs
also have value in providing cover for a variety of
small mammals. After a prescribed burn in subalpine
fir in central Washington, populations of Townsend’s
chipmunks (Tamias townsendii), Douglas squirrels
(Tamiasciurus douglasii), and red-backed voles (Cle-
thrionymus gapperi) decreased, and populations of the
yellow pine chipmunk (Tamias amoenus) remained
the same or increased slightly (Hanson, 1978). Deer
mice (Peromyscus maniculatus) are a pioneer species
and may increase after burning (Ream, 1981).
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The reduction in small mammals after a prescribed
fire will also affect those species that prey on small
mammals, notably carnivores and raptors. The impor-
tance of down wood to prey of the great gray owl is
demonstrated by the occurrence of a log within 1 m of
77% of the attempted prey captures by radio-tagged
adult owls (Bull et al., 1988).

Season of burning can influence wildlife, as well as
other resources (Wisdom and Thomas, 1996). A
spring burn can eliminate reproduction in ground-
nesting birds. A fall burn may increase soil erosion
by wind and water, eliminate plant biomass that could
hold snow and provide moisture during snow melt,
could increase frost damage to understory plants, and
eliminate forage for elk during the initial winter after
burning (Jourdonnais and Bedunah, 1990).

Research is needed to determine how much and
what kind of down wood can be removed without
jeopardizing wildlife populations (Hagan and Grove,
1999). In addition, research needs to evaluate the
effect charring has on the thermoregulatory character-
istics of logs to determine if they have the same
wildlife value as uncharred logs. Large-diameter logs,
which have the greatest value to wildlife, are less
likely to burn completely and can be protected more
easily than smaller logs. Removing combustible mate-
rials from the proximity of logs in preparation for a
prescribed burn may help protect these logs, but it is
expensive and rarely done in the Blue Mountains.

7.2. Snags

Snags are both lost and created during most pre-
scribed burns; the extent of each change depends on
the intensity of the fire and the precautionary measures
taken to protect snags and green trees. Typically, the
snags created are small in diameter and are the
understory growth that some prescribed burning is
designed to eliminate. These newly created small-
diameter snags provide foraging opportunities for
woodpeckers for several years, but are typically too
small for nesting cavities. Creating snags and the
subsequent influx of woodpeckers contributed to an
increase in bird diversity after prescribed burning,
even though bird densities did not change in central
Washington (Hanson, 1978).

The loss of existing cavity trees of the endangered
red-cockaded woodpecker (Picoides borealis) has

been reported in prescribed burning in longleaf
pine in east Texas (Conner, 1979). Conner recom-
mended raking all combustible material away from the
bases of cavity trees in at least a 3-m radius to protect
the trees.

Existing snags can be protected by removing com-
bustible material from around them, but it is costly and
is rarely done before prescribed burning in the Blue
Mountains. Nonetheless, this approach is recom-
mended for all snags >30 cm DBH. The loss of snags
>30 cm DBH with some decay reduces the number of
potential nest trees for both primary and secondary
cavity nesters. The loss of nest trees will likely result
in lower densities of cavity nesters.

7.3. Species composition and stand structure

The long-term effects of converting stands of
mature mixed conifers to stands dominated by pon-
derosa pine and western larch will be less obvious than
the immediate effects of reducing down wood and
snags. The converted stands, probably, will be more
open and contain less diversity in tree species and
structure.

How these conversions affect deer and elk will
depend on whether forage or cover is more limiting
in the area. In the Blue Mountains, cover is typically
more limiting than forage because of past harvesting
practices (Leckenby et al., 1991). Conversion to more
open stands will further reduce cover, which is already
in short supply.

Wildlife species characteristic of mature stands of
ponderosa pine will probably benefit from these stand
conversions if the stands are allowed to reach mature
age. The draft Columbia River Basin EIS (Wisdom
et al., in press) classifies three of these species as focus
species or of special concern because of low numbers;
they are the white-headed woodpecker (Picoides albo-
larvatus), the pygmy nuthatch (Sitta pygmaea), and
the white-breasted nuthatch (S. carolinensis).

The draft Columbia River Basin EIS (Wisdom et al.,
in press) identifies 22 focus species characteristic of
mature stands of grand fir that will probably not
benefit from these stand conversions. Eight of the
22 species of special concern are the pileated wood-
pecker, Vaux’s swift (Chaetura vauxi), northern
goshawk (Accipiter gentilis), northern flying squirrel
(Glaucomys sabrinus), hoary bat (Lasiurus cinereus),
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silver-haired bat (Lasionycteris noctivagans), Amer-
ican marten, and fisher (Martes pennanti).

Before large-scale prescribed burning is adopted, a
careful evaluation of the potential consequences to
wildlife and other management objectives is war-
ranted. Other methods of reducing fuels could produce
fewer detrimental consequences and more control.
Mechanically removing down wood would reduce
the fuels and protect the larger down wood and snags.
In the short term, mechanical removal may be more
expensive, but may be more economical in the long
term if snags and large-diameter logs lost in prescribed
burns have to be replaced to provide suitable habitat
for those wildlife species that depend on them. Pre-
scribed fires produce a complex array of changes, not
just for wildlife, but for nutrient recycling and pro-
ductivity as well, the consequences of which are
poorly understood. Caution, a conservative approach,
and alternative methods are warranted until research
better defines the consequences of prescribed burning
on all resources.

8. Conclusions and recommendations

Solutions for the prevalent forest health problems in
the Blue Mountains and other temperate region forests
(the Intermountain and Rocky Mountain areas) are not
as simple or straightforward as attempting to return
those systems to a condition that emulates presettle-
ment conditions. Even if we understood the forest
structure at that time, whether returning to it is pos-
sible—or even desirable—is questionable, except per-
haps on a small scale. Prescribed fire, as a means of
achieving stand conversions, should be applied with
caution because there are many unknown and poorly
predictable dimensions and long-term consequences.

We have attempted to address two aspects of
resource management that will undoubtedly be ser-
iously affected by prescribed fire conversion of large
areas of forest to seral stands. They are but two of the
resource considerations that have become important
since the time of European settlement. The futures of
forest productivity and wildlife (except as a food
resource) were probably not serious considerations
then. Nor were air quality, global climate change,
biodiversity, threatened and endangered species, water
quality, water yield, scenery, soil stability, and erosion.

Now, all of these conditions are at the forefront of any
plan for forest management.

Federal and State land management agencies must
bear their share of responsibility for clean air and for
minimizing outputs of atmospheric gases that influ-
ence global climate. Prescribed burning may have a
double-sided effect. Burning emits CO,, NO,, SO,,
and other oxides as well as particulates (Sandberg et
al., 1979; Crutzen and Andreae, 1990; Kaufman et al.,
1991). If burning lowers forest productivity, the ability
of these systems to capture carbon is also reduced, and
the effect is a larger net loss of carbon than if losses by
burning alone are considered.

Predicting the outcome of succession given any
sequence of management strategies in these forest
systems will not be easy, and it is complicated by
past disturbances (Noble, 1981). We suggest that a
more reasonable and realistic approach would be to
examine the present condition of forests and assess
their potential to provide the full array of resource
outputs and values.

Recommendations that fire be the primary tool to
achieve and maintain presettlement forest structure is
also a matter of concern. Many other management
options could be used singly or combined with fire,
depending on the objectives for the site. If fire is part
of the prescription, intervals between burns should be
such as to allow re-establishment of prefire forest floor
conditions before reburning. Tiedemann and Klem-
medson (1992) raised a key question: How can we
manage forest residues and large accumulations of
biomass without relying solely on fire? Many, and
perhaps most, of the goals of prescribed fire can be
reached by mechanically managing residues and the
new tree crop. Practical measures that can be imple-
mented as part of harvest include leaving residues in
place by lopping and scattering them. Chipping and
scattering is an alternative for excessive accumula-
tions of residues, but consequences of that option for
soil nutrient availability, succession, and wildlife need
to be studied. When fire is selected as the primary tool,
longer interval prescribed burning (20-30 years) could
reduce the effects on the forest floor, down wood, and,
perhaps, productivity.

We also think multi-species and multi-age manage-
ment of forest stands would be worth consideration,
rather than attempting to manage specific seral con-
ditions. Managing for a wider array of tree species and
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associated understory species would help in solving
insect outbreaks and disease epidemics associated
with large areas of one or two host-tree species.
Wildlife also would likely benefit from this strategy
compared to managing for seral species in widely
spaced stands.

Until more is known about the effects of prescribed
fire on resource productivity and wildlife habitats, a
conservative approach seems appropriate. The most
prudent course may be a special effort to more fully
understand the effects of prescribed fire on forest
ecosystems before proceeding with large-scale
improvement programs.
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