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Large disturbances such as fires and floods are landscape processes that may dter the structure of landscapes
in nature reserves. Landscape structure may in turn influence the viability of species and the functioning of
ecosystems. Past reserve design and management strategies have been focussed on species and ecosystems
rather than on landscape-scale processes, such as disturbance.

An essential feature of a natural disturbance regime is the variation in disturbance attributes (e.g., size,
timing, intensity, spatial location). Although some past reserve management policies have included naturd
disturbances, perpetuating disturbance variation has not been the explicit goa of either reserve design or
management.

To design a reserve to perpetuate the natural disturbance process requires consideration of: (1) the size of
the reserve in relation to maximum expected disturbance size, (2) the location of the reserve in relation to
favored disturbance initiation and export zones and in relation to spatial variation in the disturbance regime,
and (3) the feasibility of disturbance control at reserve boundaries, or in reserve buffers.

Disturbance management possibilities are constrained by the design of the reserve and the reserve goals.
Where a natural disturbance regime is not feasible, then it is important that the managed disturbance regime
mimic historical variation in disturbance sSizes and other attributes as well as possible. Manipulating structure
on the landscape scale to restore landscapes thought to have been altered by historical disturbance control

is premature given our understanding of spatial disturbance processes in landscapes.

1. Introduction

Conservation is moving toward larger scaes as en-
vironmental problems become more complex, in-
teractive, and global in extent. Global processes,
particularly the natural and human processes that
affect atmospheric chemistry and ultimately global
climate, are increasingly the focus of conservation
concern. The contemporary distribution of major
biomes may be dtered if globd waming occurs as
a consequence of increases in greenhouse gases
(Emanuel et al. 1985). Conserving current global
form thus requires protection of global processes.

At severd levels of biological organization (i.e.,
populations,  species, ecosystems, landscapes),  both
form and process are conservation concerns. Spe-
cies conservation efforts have moved beyond sim-
ply enclosing a patch of living individuals inside a
reserve, to concern with perpetuating other aspects
of form, such as genetic variation (Frankel and
Soulé 1981) and metapopulation structure, and the
processes that perpetuate that form. Ecosystem lev-
el conservation similarly requires that the form of
the ecosystem, including community composition
and diversity, as wel as the processes that maintain
that form, such as competition, be perpetuated. Re-
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cently, conservation attention has turned to the
structure of the landscape (Harris 1984; Noss and
Harris 1986; Baker 1989a) and the perpetuation of
landscape form and process.

Conservation planning is needed that considers
al levels of biologica organization from popula
tion to landscape. Determination of the minimum
critical size of a tropical forest reserve from the
population viability perspective (Lovejoy et al.
1984) is important, but insufficient. It is now ap-
parent that an intact rainforest landscape is essen-
tiadl for maintenance of the tropical forest climate it-
self (Shukla et al. 1990). The success of a reserve
designed to protect populations is thus determined
in part by the processes in, and structure of the
landscape in - which the reserve resides.

Landscape-scale process and form have in the
past been largely viewed in this way-as externdities
which should be consdered in planning for conser-
vation goals at other levels of biologica organiza
tion (e.g., Pickett and Thompson 1978), rather
than as conservation concerns in their own right.
Yet it is now clear that an interdigitated prairie-
forest landscape is a different entity and functions
differently from a continuous expanse of either
prairie or forest. An emerging tenet of landscape
ecology is that the patchy structure of landscapes is
important to ecological functioning at a variety
of levels of biologica organization (Forman and
Godron 1986), and is itself worthy of conservation
and management attention,

The purpose of this article is to review the process
of natural disturbance, particularly large distur-
bances, and the problems in designing and manag-
ing nature reserves in order to perpetuate this
process and the dtructure produced by it. There are
many processes, as well as other issues and con-
cerns, some of which may be paramount, tha must
be addressed in designing and managing nature
reserves, but natural disturbance, particularly large
disturbance, has received little attention. Past poli-
cies have not explicitly considered the variation in
the disturbance regime that may be an important
source of both spatial and temporal variation in
landscapes. | begin with a review of the concept of
a disturbance regime, then discuss first the design
and second the management of a nature reserve
with the disturbance regime in mind.

2. Natural disturbances

Natura disturbances occur in virtualy al of the
eath’'s maor biomes (White 1979). The role of dis
turbance in maintaining structure at the species,
ecosystem, and landscape scde is being increasingly
appreciated. Tropical rainforests, for example,
were long thought to be rather stable communities
sddom disturbed, but are now recognized to be dy-
namic communities whose diversity is in pat due to
disturbances ranging from floods to treefalls to
fires (Foster 1980).

Disturbances create a mosaic of patches in land-
scapes. The structure of this patch mosaic (e.g.,
paich density, distance between paiches, paich size
distribution) is important to many species (Forman
and Godron 1986). This structure, in landscapes
subject to large disturbances, is controlled by the
characterigtics of the disturbance regime as wel as
by the landscape itself.

A disturbance can be defined as . . . any rda
tively discrete event in time that disrupts ecosystem,
community, or population structure and changes
resources, substrate availability, or the physicad en-
vironment” (White and Pickett 1985 p. 7). What
condtitutes  disturbance, as opposed to norma fluc-
tuation, is dependent on the scale of observation as
well as the level of biologica organization being
considered (Rykiel 1985; Pickett et al. 1989). Here
| am most concerned with the landscape scale of ob-
servation (hundreds of meters to kilometers).

Spatial and temporal sets of disturbance patches
are the components of a disturbance regime. Each
patch created by a disturbance has a set of attrib-
utes, and a disturbance regime can be characterized
as the set of frequency or probability density distri-
butions for each patch attribute (Table 1, Figure 1).
The form of each distribution can be illustrated by
a histogram and quantitatively characterized by
values of parameters (e.g., mean, variance, skew-
ness) of dandard detisticd distributions  (e.g., nor-
mal, Weibull) that have been fit to empirica data
(e.g., Johnson and Van Wagner 1985).

Most of the attribute distributions, including
type, shape, intensity, severity, edge, and orienta-
tion have never been determined empirically. For
example, it has been recognized that multiple dis-
turbance types (e.g., wind, fire, avalanches) affect



Table 1. Some attributes of individua disturbance patches, and
the sets of disturbance patches that comprise a disturbance
regime.

Each Disturbance Patch
Type -~ type of disturhance
Size - land area disturbed
Shape - measure by a shape index (cf. Austin 1984)
Intensity = physical force of a disturbance
Severity — damage caused by a disturbance
Timing = temporal setting of a disturbance
Spatial location — spatidl setting of a disturbance
Edge — totd length of the perimeter of a patch
Orientation = compass direction of centrd axis of a patch

Spatial or Temporal Sets of Disturbance Patches
Type distribution

Size distribution

Shape  distribution

Intensity  distribution

Severity  distribution

Timing  distribution

Spatiadl  distribution

Edge distribution

Orientation  distribution
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Fig. 1. Some examples of attribute distributions for a distur-
bance regime.

may landscgpes (eg, Renas ad Lag 1979), yd
no one has quantified the type distribution. As a
result, disturbance regimes have typicaly been
characterized by a limited set of properties of one
or two attributes (White 1979; White and Pickett
1985; Christensen 1988). In the remainder of this
sfion | will dsus what is known aout the Sze
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timing, and spatial distributions, as these are better
known and perhaps more important.

2. 1. Sze distributions

Patch size distributions have not been determined
for many disturbance regimes. Size distributions
are perhaps best known for treefall gaps, where
they have been adequately fit by a negative ex-
ponential (Foster and Reiners 1986), a power func-
tion (Hubbell and Foster 1986), or a lognormal dis-
tribution (Runkle 1982; Arriaga 1988). Size distri-
butions for wave-generated gaps in intertidal
landscapes are aso lognormally distributed (Paine
and Levin 1981). Size distributions for fires have
not been statisticaly fit, but appear to have a nega-
tive exponentia (van Wagtendonk 1986; Baker
1989a) or power function distribution (Minnich
1983).

2.2. Timing distributions

Thae ae two agpedts of timing tha ae commonly
usd to dwaadgize ddubence reggmes Thee ae
(1) parameters describing the distribution of inter-
vas between disturbances and (2) the frequency of
ddubences Often oy the meen of a disurbance
interval distribution is reported, with other para-
meles of the ddribuion ignored. Didurbence fre-
guency, or the number of disturbances during a
particular time interval within some specified land
area, is simply the inverse of the mean disturbance
interval.

The widespread use of mean disturbance inter-
vals and disturbance freguencies is based in part
upon the assumption that disturbance intervals are
symmetrically distributed about the mean. The
mean fire interval (Romme 1980), for example, is
the basis of most of our understanding of fire re-
gimes. Mean disturbance intervals or disturbance
frequencies have been calculated or estimated for
fires (e.g., Martin 1982), floods (Baker 1990),
windstorms (Canham and Loucks 1984), and a
variety of other disturbances (White 1979).

However, empirical studies of disturbance inter-
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val distributions, such as fire interval distributions,
do not support the assumption that disturbance in-
tervals are symmetrically distributed about the
mean. Distributions derived from empirical data
have a variety of shapes (Johnson 1979; Baker
1989h). When disturbance interval digtributions are
skewed, then parameters other than the mean may
be more meaningful (Romme 1980). A more ap-
propriate approach for these distributions may be
to fit aflexible gtatistical distribution to the empiri-
cal disturbance interval data, and use the para-
meters of the fitted distribution to compare distur-
bance regimes. For example, the Weibull mode has
been found to adequately fit empirical distributions
of fire intervals, some of which are highly skewed
(Johnson 1979; Johnson and Van Wagner 1985;
Baker 1989b). This distribution has parameters for
shape, scale, and location which can be used to
compare disturbance interval distributions between
Stes.

Variation in disturbance intervals alone, ignoring
variation in disturbance size, may result in tem-
poraly varying landscape structure. There may be
long times without disturbance that allow land-
scape patches to become comparatively old, fol-
lowed by times of frequent disturbance that pro-
duce young landscape patches. For species sendtive
to the age structure of the patch mosaic, variation
in disturbance intervals may produce important
fluctuations in the availability of habitat (Romme
and Knight 1982) that should not be ignored in
landscape management.

2.3. Spatial distributions

Spatial variation in the location of disturbances can
be substantid even on a locd scde Variation in dis
turbance initiation and spread may be influenced
by topographic setting, elevation, aspect, and
slope, as well as by the condition of the vegetation
(White 1979; Fowler and Asleson 1984; van Wag-
tendonk 1986; Foster 1988; Turner and Romme, in
press). The result is spatial variation in the density
and size, and other attributes of the patch mosaic.

Although some generdizations have been made
about the factors influencing the spatial location of

digurbances (eg., Swanson et a. 1990), there have
been only a few studies that have specifically ex-
amined quantitative aspects of the spatia variation
in the patch mosaic (e.g., Chou et al. 1990).
Nonetheless, this spatial variation can be expected
to be important to species that are sensitive to the
structure of the patch mosaic.

Spatia variation in the timing attribute has been
studied, however, at both local and continental
scales. On a loca scale, it has been found that
within a 400,000 ha area of relatively uniform topo-
graphy, fire interval distributions varied from
right-skewed to left-skewed, and the Weibull scale
parameter (related to expected recurrence interval)
varied from about 30 to about 120 (Baker 1989b).
On the continental scale, disturbance intervals vary
as a result of gpatial variation in climatic condi-
tions, vegetation type, and physical setting. Report-
ed mean fire intervals in the United States, for ex-
ample, vary from less than 10 years in dry pine
forests to about 800 years in the forests of the
northeastern United States (Turner and Romme, in
press). Past disturbance management policies have
not explicitly recognized the local spatial variation
in the disturbance regime.

3. Design principles

A broad reserve design goal for perpetuating a
natural disturbance regime is to ensure that the es-
sentia attributes of the disturbance regime (Table
1) are al perpetuated as well as possible within a
reserve. This has not in the past been an explicit de-
sgn god. As a result, the essentia spatid and tern- =
poral variation in landscape structure that is a con-
sequence of a fully active disturbance regime is
missing from many reserves. When the disturbance
regime has been considered, the size attribute of
disturbances in relation to the size of reserves has
commanded the most attention, athough the loca-
tion of the reserve, the placement of its boundaries,
and the possibility of using buffers as part of a
biosphere reserve model aso warrant considera
tion.



3.1. Reserve size

It has been suggested that the primary design con-
Sderation for disturbances is that a reserve contains
a ‘mnimum dynamic ared (Pickett and Thompson
1978). This area is defined by these authors as ‘. . .
the smalest area with a naturd disturbance regime,
which maintains internal recolonization sources,
and hence minimizes extinction' (p. 34). This defi-
nition is thus solely in relation to species viahility,
which does not necessarily equate with perpetua-
tion of disturbance-induced landscape structure or
with  ecosystem  preservation.

For perpetuating the disturbance regime itself, it
may be desrable to find a minimum land area with-
in which a population of disturbance patches has a
temporaly stable structure (Baker 1989a). The goal
would be to ensure that reserve sze is sufficient so
that disturbances are ‘incorporated’ (sensu Urban
et al. 1987) within the reserve. What this means is
that the location of patches may shift spatially, but
the composite structure of the overall mosaic of
patches will remain temporally stable, producing
what can be caled a ‘shifting-mosaic steady date'
(Bormann and Likens 1979). A smulation study
(Shugart and West 1981) suggested that distur-
bances could be incorporated within land areas
about 50 times the size of disturbances. Empirical
studies, however, have not found shifting-mosaic
steady states in temperate zone forests subject to
stand-destroying fires (Romme 1982), even in a
reserve of 400,000 ha (Baker 1989a), which is more
than 50 times the mean patch size.

The reason for the difference between simulation
and empirical studies is that Shugart and West's
dmulation used disturbances that were dl the same
sze, while disturbances in nature vary in size and in
timing (e.g., Baker 1989b). Variaion in distur-
bance size alone means that landscape structure
must fluctuate temporally (Baker 1989a). If, for
example, disturbances are chosen randomly and at
equa time intervals from a negative exponential
size distribution, then the percentage of the land-
scape that is newly disturbed will fluctuate tem-
porally. If, in addition, unequal-sized disturbances
also occur after unequal time intervals, then more
marked fluctuation in landscape structure is likely.
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Fluctuation in landscape structure is thus a direct
consequence of the variance in, and the non-normal
shapes of the size and timing distributions that
comprise disturbance regimes. Fluctuation in land-
scape dructure will occur in any reserve, but will be
less if a reserve is large in relaion to maximum dis-
turbance size. Reserve size determines how similar
the pattern of fluctuation in the reserve will be to
the pattern of fluctuation in the larger landscape
(Baker  1989%).

When the goal is the perpetuation of a natural
disturbance regime and its associated fluctuation in
landscape dtructure, the best drategy is to make re-
serves large relative to maximum disturbance size.
This srategy will maximize the chance that the dis-
turbance regime and the associated patern of land-
scape change in the reserve will be smilar to the dis
turbance regime and pattern of change that would
have occurred in the larger landscape. Also, if the
reserve is large relative to maximum disturbance
size, then management problems will be minimized
(White 1987). This is primarily because: (1) distur-
bances will not threaten to destroy the entire reserve
a once, leaving it vulnerable to recolonization by
weedy or exotic species from the surrounding
human-dtered  landscape;  (2)  disturbances  will  less
often spread out of the reserve onto surrounding
human-occupied lands where they may have ad-
verse economic  effects, and (3) the size digtribution
of disturbances will not be truncated as a result of
the suppression of disturbances when they reach the
reserve margin.

Choosing to establish severa small, rather than
a dngle large reserve is a poor choice in mogst cases,
because each of the smal reserves may truncate the
patch size distribution attribute of the disturbance
regime (Baker 1989a). On the other hand, when
each of several reserves is large relative to maxi-
mum disurbance Sze, then severd reserves may be
placed in a manner that will maximize the protec-
tion of greater variation in the environment than
might be possible with a single reserve (Baker
1989a).

Maximum disturbance sizes can be obtained
from historical records (e.g., Yancik and Rous-
sopoulos 1982), which typically cover only the last
Several decades, or from reconstruction in the field
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(e.g., Heinselman 1973; Reiners and Lang 1979).
Field reconstruction is difficult, but historical data
on disturbance sizes over the last few hundred years
are aso important, as discussed below, where
prescribed disturbances are to be used.

3.2. Reserve location

If the location of the reserve is not constrained by
other demands, then there are two locationa con-
cerns from the standpoint of disturbance regimes.
First, it is important to place the reserve in such a
way that both the disturbance initiation zones and
disturbance export zones are contained within the
reserve. Without control of favored initiation
zones, it will be difficult to manage disturbances in
the reserve. Without protection of favored direc-
tions of disturbance export, it will be difficult po-
litically to maintain a natura disturbance regime
within the reserve.

A few examples will illustrate this concern. In
mountainous terrain containing snow avalanche
paths it is critical to protect the avalanche source
area, the entire track, and the run-out zone (Butler
1980). In riparian landscapes, it is important to
have some control of activities in the upstream
watershed where floods originate as wel as protec-
tion of flood-prone areas downstream to which
floods will be exported. Favored topographic set-
tings for lightning strikes are often on ridgetops at
higher elevations in mountainous settings, although
the actual number of initiated fires may be highest
a intermediate elevations perpendicular to domi-
nant storm tracks (Fowler and Asleson 1984). In
cases where fires typically initiate at intermediate
elevations and spread upslope, protection of the ex-
port zone at higher elevations is desirable. A local
anaysis of initiation and export patterns is re-
quired for each disturbance type and environmen-
tal setting.

It has been proposed that a system of long-
rotation forest idands be located along riparian
drips as a means to minimize the posshility of des
truction by fire and to maximize the connectivity
between idands (Harris 1984). This location strate-
gy is one of disturbance avoidance rather than dis-

turbance incorporation. For very small reserves or
highly valued fragments this may be a reasonable
approach, but it must be recognized that this ap-
proach means that the system of idands will include
only a small part of the spectrum of natural distur-
bances that has shaped the coniferous forest biome.
As such, the system becomes more a system of
habitats for specieslevel conservation than an eco-
sysem-level  or landscape-level  reserve  system.

The second locational concern isto try to incor-
porate some of the spatia variation in the distur-
bance regime. For example, in landscapes subject
to fire, areas beyond natura fire breaks may serve
as refugia that alow recolonization of disturbed
areas. Topographic and elevationa variation may
similarly provide opportunities for sufficient spa-
tial variation in disturbance regimes so that species
with a variety of life history strategies, and eco-
systems with a variety of environmental require-
ments can persist.

3.3. Reserve boundaries

Previous analyses of nature reserve boundaries
(Schonewald-Cox and Bayless 1986, Schonewald-
Cox 1988) have emphasized that administrative
boundaries may not confer needed protection for
species and communities due to segmentation of the
boundary and adverse effects that extend across
the boundary. It is similarly true that administra-
tive boundaries alone may be insufficient to insure
that the natural disturbance regime in a reserve is
protected. It may be possible, however, to locate
the administrative boundary in a manner that
minimizes adverse effects on the disturbance re-
gime.

Natural disturbance breaks, for example, make
excellent boundaries for reserves as these are loca-
tions where disturbances would normally stop
soreading. For snow avalanches the valey wal op-
posite the avalanche path is the disturbance break.
The boundary between windward and leeward
dopes is an obvious wind disturbance break. Natur-
al fire breaks include lakes and streams, extremely
rocky aress such as tadus dopes and landdide paths,
or areas with little fuel or moist fuels such as
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avalanche paths (Malanson and Butler 1984).
Where natural disturbance breaks do not exist,
roads or other human-constructed bresks can be
utilized, but boundaries need to be planned with
these in mind.

3.4. The biosphere reserve model

The biosphere reserve model (Gregg et al.  1989) and
its cousin, the multiple-usssmodule or MUM (Har-
ris 1984; Noss and Harris 1986)] may be good de-
dgns for resarves in landscapes subject to natura
disturbances. A typicd biosgphere reserve (Fig. 2)
contains a secure centrd core area designed drictly
for nature preservation, a surrounding buffer area
in which rdaively non-destructive multiple uses
may occur, and an outermost transition area in
which cooperative economic and research activities
tha ae in harmony with the reserve occur (Gregg
et al. 1989). A multipleusemodule is like a bio-
sphere reserve, but its centrd core could contan
any aea of unusuad consarvation vaue, not just a
representative  ecosystem (Noss and Harris  1986).
Increesing atention is now being given to land-
cgpe ecology in the design of biogphere reserves
(Dyer and Holland 1991)) but little attention has
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been given to design for the natural disturbance
regime.

The major advantage of the biosphere reserve
model, from the standpoint of natural distur-
bances, over that of a typicd naiond park or other
nature reserve is the presence of buffer zones. If na
ture reserves become idands in a sea of intensve hu-
man land use, then the buffer can absorb some of
the effects of externd activities. Janzen (1983)] for
example, argued that it may be better to have
cropland than secondary foret around a pristine
forest reserve, as fewer species will invade the
reserve from cropland. Harris (1984) suggested
maintaining managed forests aound an old-growth
ressve as a way to increese the viability of the
reserve and to mimic the pach-mosaic sructure of
forests.

However, the best buffer for a disturbance re-
gme may differ from the best buffer for maintain-
ing species diversity in a resarve. For the former the
best buffer is clearly one which contans a distur-
bance regime tha most cdosdy mimics that in the
origind ecosystem. For example, secondary forest
may be a better buffer than cropland for tropica
forest reserves subject to disturbance by cyclones or
other high winds, as fored edges next to cleared
areas are especially susceptible to blowdown
(Foster 1980; Franklin and Forman 1987). Main-
taining a secondary foret around a temperate zone
old-growth core, in contrast, may increese the ex-
port of fires into the core, because of an increase in
accidental  ignitions or the intentiond burning of
logging dash in managed forests (Franklin and For-
man 1987). However, the advantage of the buffer
and trangtion in the biosphere reserve modd is that
the buffer does provide a zone in which it may be
posshle to filter the effects of inappropriate distur-
bance regimes (eg., excess fires in managed forests)
that occur in the trandtion area Fires could be sup-
pressed upon entry into the buffer zone unless they
met a paticular disurbance management prescrip-
tion.

4. Reserve management principles

Didurbance management policy is affected by a
vaietly of sdentific, politica, socid, and economic
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concerns. The focus here is on the scientific aspects
of disturbance management policy.

There are a least five mgor ways to manage dis
turbances in natural areas (Christensen 1990).
These are to use surrogates, suppression, planned
disturbance prescriptions, natural disturbance
prescriptions, and a natural disturbance regime. |
will discuss the first four of these in relation to the
set of attributes of a disturbance regime (Table 1),
presuming that the reserve management goal is to
maintain as well as possible the characteristics of
the natural disturbance regime. The last option,
managing for a natural disturbance regime, has
been discussed in the first part of the paper.

4.1.  Surrogates

To use a surrogate means to simply substitute one
type of disturbance for another (e.g., logging for
fire). Surrogates may be necessary if the reserve
protection god is a the species or ecosystem leve,
disturbance is known to be required for these spe-
cies or ecosystems, and it is not feasible to use other
methods. It is possible to use surrogates to mimic
some of the atributes of a disturbance regime, such
as the size, shape, timing and spatial distributions
of the origina disturbance regime, but surrogates
usudly do not alow mimicry of the intensity distri-
bution, and may have quite different physical ef-
fects on the landscape and biota.

42.  Suppression

Only afew kinds of disturbances have been effec-
tively controlled, and disturbance control is now
known in some instances to have long-term effects
that may be the reverse of the desired effect. A great
deal is known about the effects of disturbance con-
trol on individual species and on certain communi-
ties, but very little is known about the effects of dis-
turbance control on the structure of landscapes.
The effects of fire suppression on landscapes
have been conddered in severad dudies, but a com-
prehensive understanding is lacking. In the case of
fires-it has been suggested that fire control eventu-

aly results in ‘replacement of a coarse-grained
landscape mosaic containing large variable-sized
patches by a more homogenous fine-grained
mosaic’ (Forman and Boerner 1981 p. 46). This
may be the case where large fires can be prevented.
More commonly, with fire control ‘a fine mosaic
has been replaced by a coarser one (Minnich 1983
p. 1293). This latter trend is to be expected if most
fires are controlled and thus remain smal, but a few
fires escape to become large, and if fire control in-
creases the fuel loading, and consequently the in-
tensity and size of subsequent fires. Fire suppres-
sgon may aso result in an increase in some compo-
nents of landscape diversity (Romme 1982) and
significant alterations in severa other measures of
landscape structure (Baker, in press). Dams and
other water developments also primarily control the
smaller floods. It is not known, however, whether
flood control will eventualy result in larger flood-
disturbed patches. Although additiona research is
needed, it is clear that disturbance control has the
potentia to significantly dter spatial and temporal
variation in the structure of landscapes.

In small reserves where the management’ goal is
to suppress very lage disturbances that would des
troy most of the reserve the long-term effect of dis
turbance control on landscape structure may be a
lesser concern. In this situation, disturbance sup-
pression may increase the probability of larger dis-
turbances occurring, but all disturbances above
some cutoff size will have to be suppressed in any
case.

43. Planned and natural disturbance prescriptions-

These two approaches are identical except that
planned disturbances are intentionally started and
naiura  disturbances dart themselves. In both cases
the disturbance is only alowed to continue if it
meets a particular pre-determined need, or
prescription. This is a common approach for fire
management in cases where a naturd fire regime is
not feasible (cf. Wright and Bailey 1982).

A primary concern of planned disturbance ef-
forts is often the physical feasibility of a planned
burn, and the god of planned disturbances is usual-



ly to modify species habitat or community struc-
ture. For example, in determining the size of
prescribed fires, the main considerations are often
the amount of acreage that can be burned within a
single controlled burning period, the cost of estab-
lishing fire lines and monitoring the fire, and the
sze of fire that can effectively be controlled (Bunt-
ing et al. 1987). When species are the target of con-
sarvation, the goal may be to simply maintain a cer-
tain percentage of the landscape in a seral or climax
stage favorable to a certain species (e.g., Garcia
1986), with little concern for the effects on the land-
scape. On the community or ecosystem level distur-
bances may be used to restore community structure
(White 1986) or maintain species diversity and com-
munity composition (Gibson 1988). In the few cases
where the landscape ramifications of prescribed
disurbances have been considered, the recommen-
dations have often been to use smal disturbances to
creste a heterogenous habitat (Foster 1980; Bunting
et al. 1987), presumably to increase species diversity
or to favor certain species, rather than to manage
the landscape itsdlf.

In contrast, using prescribed disturbances to  ex-
plicitly manage form and process in landscapes re-
quires consideration of the historical variation in
the attributes of the disturbance regime (Table 1).
If the goa is to perpetuate the landscape distur-
bance process as well as possble, then it is desrable
to try to vary disturbances so that the set of distur-
bances over some time and space scale has attribute
distributions similar to those that occurred in the
natural landscape (Agee and Huff 1986). Pre-
scribed fires, for example, should vary in sze, be in-
itiated more frequently in favored initiation zones,
and vary in intensity and time of burn in a manner
similar to fires that occurred in the natural land-
scape. This kind of disturbance management re-
quires substantial knowledge about the natural dis-
turbance regime and a simultaneous consideration
of effects on species, ecosystems, and the land-
scape.

From the landscape perspective it is clear that
multiple small disturbances, which are easier to
control, cannot substitute for a single large distur-
bance. It has been proposed that very large fires,
such as burned in Yelowstone National Park in
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Fig. 3. Four options for mimicking the size distribution when
using prescribed disturbances in a reserve smaler than maxi-
mum historical disturbances. The arrow indicates the size of the
reserve. (8) the naturd size distribution, (b) truncated size distri-
bution, (c) truncated and redistributed size distribution, (d)
shifted size digtribution, (€) shrunk size distribution.

1988, are unnatural, and that “scientific manage-
ment can restore a more natural condition and
create higher biotic diversity on the burned areas
than ‘letting nature take its course’ while aso
reducing the size and destructiveness of future
fires’ (Bonnicksen 1989). Scientific management
gods may vay, but exdudng lage fires from land
<pes the hidoicdly hed lage fires (Romme ad
Despain 1989) is one that will significantly alter
landscape structure from its natural condition.
Based on a simulation anadysis of fires in the
Boundary Waters Canoe Area in Minnesota, a dis-
turbance regime with small prescribed fires, com-
pared to a natural disturbance regime, can be ex-
pected to significantly alter landscape structure
(Baker, in press). An essential component of a
scientific landscape management approach guided
by history is to mimic the size distribution, as well
as perhaps other attribute distributions, of histori-
cal disturbances. Multiple small disturbances are
not a substitute for large disturbances.

Where the size of the reserve is significantly
grdle then the dze of hidoicd disubences ad
simultaneous disturbance of the whole reserve is
not dedrdde due to spedeslevd o ecosydamHevd
concans, then what agpet of the naturd dze didri-
bution should be mimicked in a prescribed distur-
bance regime? There are at least four options (Fig.
3. With the fird option the dze didribution is Im-
ply truncated below the reserve size (Fig. 3b). The
rellt is tha none of the dructure tha was presat
in the natural landscape will be altered, except that
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structure produced by very large disturbances.
With the second option (Fig. 3c), the truncated dis-
turbances are redistributed so that the curve has the
same generd shape, but is taler. With the third op-
tion, pat of the curve is preserved, but it is shifted
to the left so that maximum prescribed disturbance
Szes are smdler than the reserve size (Fig. 3d). This
rescales the whole patch mosaic, decreasing the
number of small disturbances, which means that
the distance between patches will increase. In so do-
ing this option will creste a landscape mosaic which
is perhaps different than has existed in the land-
scape in the past. The last option shrinks the curve
down, but presarves its shape (Fig. 3e). This again
rescales the patch mosaic, but in a more equitable
manner. There is no perfect choice among these op-
tions, and it is likely that disturbance prescriptions
will be imprecisdy achieved in any event. Nonethe-
less, truncation (Fig. 3b) dters landscape structure
the least, and may be comparatively easy to achieve
if fixed disturbance breaks that establish a maxi-
mum disturbance size can be used.

An additional concern for determining distur-
bance prescriptions is the effect of patch relaxation
(Baker 1989a), If reserves become isolated, so that
disturbances no longer spread into the reserve area
from the outside, then the disturbance regime will
be dtered even if all disturbances that originate
within the reserve are allowed to spread naturally.
This effect usually increases as reserve size de-
creeses. In smal isolated reserves prescribed  distur-
bances thus could be necessary even if there is a no-
suppression policy within the reserve.

The Konza Prairie Research Natural Area is an
example of areserve in which natural disturbances
are managed entirely by prescription (Marzolf
1988) in a manner inconsistent with perpetuating
landscape process and form. The 3487 ha resarve is
divided into about 50 treatment areas, that are
primarily small watersheds. Fire treatments and
grazing treatments are superimposed, so that some
watersheds are burned and grazed, others are un-
burned but grazed, etc. A suite of treatments in-
cludes different year-to-year fire intervals, but al
fires are ignited in the Spring, so seasonal variation
is not included. The entire watershed is apparently
burned at once in al cases. Although ostensibly a

naiure reserve, the Konza is actudly managed as an
experimental area in which the goa of the experi-
ments is to understand the effects of different fire
intervals and grazing on species and ecosystems.
Other aspects of the disturbance regime are ig-
nored. There is no question that these experiments
are invaluable, but the natural disturbance regime
in tallgrass prairies undoubtedly was not one with
fixed paich sizes a regular intervas in the same lo-
cation. Such a disturbance regime can be expected
to dter the populations of organisms in the tallgrass
prairie that are sengitive to the natural pattern of
fire-induced variation in landscape structure, par-
ticularly those organisms that are sensitive to patch-
to-patch distance or patch size (both of which are
now fixed at one scal€), or depend upon irregulari-
ties in the timing of fires.

4.4. Sructure and process goals in restoration

Some researchers  believe that disturbance  suppres:
sion and other human effects have so altered the
composition and structure within some reserves
that it is first necessary to restore natural structure
before natural disturbance processes can be rein-
troduced (Bonnicksen and Stone 1982, 1985). In the
case of fires, these authors argue that if natural
dructure is not first restored to what it would have
been today if European settlers had not interfered
with natural processes (identified using their ‘re-
construction-simulation approach’), then reintro-
duction of the process may result in unnaturally
large fires, due to fuel buildup over decades of fire
suppression. It has been the policy of the National
Park Service, since the recognition of the undesir-
able effects of fire suppression, to use prescribed
fires & a means to reduce unnaturd fuel accumula
tions prior to reintroducing a natural fire policy
(Parsons et al. 1986). Nonetheless, Parsons et al.
argue that there are too many uncertainties and too
many interacting sources of landscape change in the
period since settlement to attempt to precisely re-
create the landscape as it would have developed had
European settlement never occurred. Thus these
authors suggest dlowing ¢ . . . process-dructure in-
teractions to equilibrate on their own after one or



more prescribed fires (Parsons et al. 1986, p. 23).

There are two reasons that both the Parsons et al.
perspective and the Bonnicksen and Stone perspec-
tive may be inconsistent with the landscape man-
agement perspective that | have presented. First,
prescribed burning is not a panacea, because
prescribed burning that is inconsistent with the
historical disturbance regime's attribute distribu-
tions may further ater landscape structure, rather
than restore it. In particular, using smal prescribed
firesto‘... break up large areas of homogenous
heavy fuels, thus reducing the chances of a high in-
tensity wildfire . . . * (Parsons et al. 1986) may im-
pose a smaller mean patch size on the landscape
than has ever been present historically, as well as
prevent high intensity wildfires that may historical-
ly have been an important part of the disturbance
regime (Turner and Romme, in press, Parsons et
a., in press). These effects are not consistent with
management for natural landscape-level process
and form. Fluctuation in landscape structure due to
variation in disturbance size and timing may allow
parts of natural landscapes to accumulate large
amounts of fuel a certain times. This accumulation
in itself is not necessarily unnatural. Its naturaness
can only be assessed by comparing recent charac-
teristics of the disturbance regime's attribute distri-
butions with historical characteristics.

Second, while Bonnicksen and Stone’s (1982)
‘reconstruction-simulation approach’ appears to
produce a reasonable target for landscape restora-
tion, their simulator produces estimates of propor-
tions of the landscape that are in a particular state,
but ignores the spatial distribution of these states.
There is increasing evidence that the spatia struc-
ture of landscape states is important to many plants
and animas, and itself influences the future pattern
of disturbances (Forman and Godron 1986; Turner
and Romme, in press). Bonnicksen and Stone's
reconstruction-simulation approach needs to repli-
cate spatially explicit changes in landscape struc-
ture before it can be used to produce a precise struc-
ture target. Landscape modelling is not, however,
currently  sufficiently precise to produce this kind of
reconstruction (Baker 1989¢).

If a gpatialy accurate reconstruction could be
produced, then the structural restoration goal
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presumably would be to restore the spatial pattern
of each of the landscape states to what it would
have been now had European settlement not oc-
curred. But one cannot restore what is now a 150
year old patch at a particular point in the landscape
to a 75 year old dtate, if that is what the recon-
druction suggests would have been present  without
European settlement.

Where restoration of the disturbance-induced
landscape  structure is  necessary, the best approach
may be to design a transitional restoration-oriented
disturbance regime that will move the landscape
back toward the expected structure. This regime
might be a quite different disturbance regime than
ever occurred in the landscape historically. In fire-
prone landscapes, this transitional regime would
probably seldom consist of the small prescribed
fires that have traditionally been used to restore
ecosystems subject to fire suppression, as small
fires may further ater the structure of landscapes
that historically experienced large fires (Baker, in
press). A simulation approach can be used to de-
velop the transitional disturbance regime (Baker et
al. 1991). Until this transitional regime is designed
it is premature to undertake extensive manipulative
restoration action using either prescribed distur-
bances or mechanica means, as these may only
produce undesirable ateration.

4.5. Landscape modelling

Reserve managers often must make decisions that
have unclear long-term ramifications for land-
apes, ecosystems, and  species.  Spatid  models  of
landscape change are now becoming available that
may enable simulation of future landscape struc-
ture under a variety of management scenarios (eg.,
Costanza et al. 1990, Baker et al. 1991). Such
modds could be used to examine how disturbances
will interact with a landscape as an ad to designing
reserves, to determine what the effects of external
human activities might be, and to analyze how
the landscape structure in the reserve may fluc-
tuate over time. Models with explicit links to cli-
mate could be used to smulate future landscape
dynamics given paticular climatic change scenarios
(Baker et al. 1991; Turner and Romme, in press).



192
5. Conclusions

Natural disturbance is an important process that of-
fects gpecies, ecosystems, and landscape  structure.
More information is needed on natural disturbance
regimes if these regimes are to be effectively man-
aged in nature reserves. In designing areserve it is
important to consider needed reserve size, reserve
location, reserve boundaries, and reserve buffer in
relation to the attributes of the disturbance regime.
The ability to perpetuate the naturd disturbance re-
gime within the reserve is dependent upon how well
designed the reserve is. Naturd disturbance regimes
are probably only feasible within reserves that are:
(1) severa times the maximum disturbance size
typical of the region, (2) located so that disturbance
initiation and export zones are contained within the
reserve, and (3) have boundaries along natural or
artificial disturbance breaks or have buffer zones
within which disturbances can be controlled. In
reserves that do not have these attributes a variety
of aternative management strategies can be consi-
dered. Significant manipulative restoration actions
on the landscape scale, using prescribed distur-
bances or mechanical means, are premature given
the dtate of knowledge about spatid aspects of dis
turbances in landscapes. Landscape-level manage-
ment may conflict with species or ecosystem-level
management in some instances, but it is essential
that some of our large reserves focus upon perpetu-
ating a natural disturbance regime, as the role of
natural disturbances on the landscape scale is only
beginning to be understood.

6. Acknowledgments

This research was completed in part with funds
from the Ecological Research Division, Office
of Heath and Environmenta Research, U.S.
Department of Energy under Grant DE-FGOZ
90ER60977. This support does not congtitute an en-
dorsement by DOE of the views expressed in this ar-
ticle. 1 thank Curt Soper for the opportunity to
speak with the western regional land stewards of
The Nature Conservancy about this subject. | ap-
preciate the comments of James Agee and Thomas

Bonnicksen on an earlier version of this manu-
script.

References

Agee, JK. and Huff, M.H. 1986. Structure and process goas
for vegetation in wilderness areas. In Proceedings-national
wilderness research  conference:  current research  [Fort  Col-
lins, Colo.-July 23-26, 1985]. pp. 17-25. Edited by RC. Lu-
cas. USDA Forest Service Genera Technica Report INT-212,
Intermountain  Research  Station, Ogden, Utah.

Arriaga, L. 1988. Gap dynamics of atropical cloud forest in
northeastern  Mexico.  Biotropica 20: 178—184.

Augtin, RF. 1984. Measuring and comparing two-dimensional
shapes. In Spatid dtatistics and models. pp. 293-312. Edited
by G.L. Gaile and C.J. Willmott. D. Reidel Publ. Co.,
Boston.

Baker, W.L. 1989a, Landscape ecology and nature reserve de-
sgn in the Boundary Waters Canoe Area, Minnesota. Ecolo-
gy 70: 23-35.

Baker, W.L. 1989b. Effect of scde and spatia heterogeneity on
fire-interva  distributions. Can. J. For. Res. 19: 700-706.
Baker, W.L. 1989¢c. A review of models of landscape change.

Landscape Ecol. 2. 111-133.

Baker, W.L. 1990. Climatic and hydrologic effects on the
regenerdtion of Populus angustifolia James dong the Animas
River, Colorado. J. Biogeogr. 17: 59-73.

Baker, W.L., in press. Effects of settlement and fire suppression
on landscape structure. Ecology, in press.

Baker, W.L., Egbert, S.L. and Frazier, G.F. 1991. A spatid
model for studying the effects of climatic change on the struc-
ture of landscapes subject to large disturbances. Ecol. Model-
ling 56: 109-125.

Bonnicksen, T.M. 1989. Fire gods and federal policy. Am.
Forests 95(7—8): 14-16, 66-68.

Bonnicksen, TM. and Stone, E.C. 1982. Managing vegetation
within U.S. national parks: a policy analysis. Environ.
Manage. 6: 109-122.

Bonnicksen, T.M. and Stone, E.C. 1985. Restoring naturaness
to nationa parks. Environ. Manage. 9: 479-486.

Bormann, F.H. and Likens, G.E. 1979. Catastrophic distur-
bance and the steady state in northern hardwood forests. Am.
Sci. 67. 660-669.

Bunting, S.C., Kilgore, B.M. and Bushey, C.L. 1987. Guide-
lines for prescribed burning sagebrush-grass rangelands in the
northern Great Basin. U.S. Department of Agriculture,
Forest Service General Technical Report INT-231, Inter-
mountain Research  Station, Ogden, Utah.

Butler, D.R. 1980. Terminal elevations of snow avalanche
paths, Glacier National Park, Montana Northwest Geol. 9
59-64.

Canham, CD. and Loucks, O.L. 1984. Catastrophic windthrow
in the presettlement forests of Wisconsin. Ecology 65:
803-809.



Chovu, Y .-H., Minnich, R.A., Salazar, L.A., Power, J.D. and
Dezzani, RJ. 1990. Spatid autocorrelation of wildfire distri-
bution in the Idyllwild quadrangle, San Jacinto Mountain,
Cdifornia. Photogr. Eng. & Rem. Sens. 56: 1507-1513.

Christensen, N.L. 1988. Succession and natural disturbance:
paradigms, problems, and preservation of natural ecosys-
tems. In Ecosystem management for parks and wilderness.
pp.62-86. Edited by JK. Agee and D.R. Johnson. University
of Washington Press, Sedttle.

Christensen, N.L. 1990. Variable fire regimes on complex land-
scapes: ecological consequences, policy implications, and
management  Strategies.  Peper  presented a  the International
symposium on fire and the environment: ecologicd and cul-
turl perspectives [Mar. 20-24, 1990-Knoxville, Tennessed].

Costanza, R., Sklar, F.H. and White, M.L. 1990. Modeling
coastl landscape dynamics. Bioscience 40; 91-107.

Dyer, M.I. and Holland, M.M. 1991. The biosphere-reserve
concept: needs for anetwork design. BioSciencedl: 319-325.

Emanud, WR, Shugat, H.H. and Stevenson, M.P. 1985. Cli-
mate change and the broad-scale distribution of terrestrial
ecosystem complexes. Climatic Change 7: 29-43.

Forman, RT.T. and Boerner, RE. 1981 Fire frequency and the
pine barrens of New Jersey. Bull. Torr. Bot. Club 108: 34-50.

Forman, R.T.T. and Godron, M. 1986. Landscape ecology.
John Wiley and Sons, New York.

Foster, D.R. 1988. Disturbance history, community organiza-
tion and vegetation dynamics of the old-growth Pisgah
Forest, south-western New Hampshire, U.SA. J. Ecol. 76:
105-134.

Foster, JR. and Reiners, W.A. 1986. Size digtribution and ex-
pansion of canopy gaps in a northern Appalachian sprucefir
forest. Vegetatio 68: 109 14.

Foster, RB. 1980. Heterogeneity and disturbance in tropica
vegetation. fr Conservation hiology. pp. 75-92. Edited by
ME. Soulé and B.A. Wilcox. Sinauer Associates, Inc, Sun-
derland,  Massachusetts.

Fowler, P.M. and Asleson, D.O. 1984. The location of
lightning-caused wildland fires, northern 1daho. Phys. Ge-
ogr. 5: 240-252.

Frankel, OH. and Soulé, M.E. 1981. Conservation and evolu-
tion. Cambridge University Press, Cambridge.

Franklin, J.F. and Forman, R.T.T. 1987. Creating landscape
patterns by forest cutting: ecological consequences and princi-
ples. Landscape Ecol. 1. 5-18.

Garcia, ER. 1986. Crizzly bear direct habitat improvement on
the Kootenai National Forest. In Proceedings-grizzly bear
habitat symposium [Missoula, Montana-April 30-May 2,
1985]. pp. 185-189. Edited by G.P. Contreras and K.E.
Evans. U.S. Department of Agriculture, Forest Service
Generd  Technicad Report  INT-207, Intermountain  Research
Station, Ogden, Utah.

Gibson, D.J. 1988. Regeneration and fluctuation of tallgrass
prairie vegetation in response to burning frequency. Bull.
Torr. Bot. Club 115 1-12.

Gregg, W.P, J, Krugman, SL. and Wood, JD. J., editors
1989. Proceedings of the symposum on biosphere reserves,
fourth world wilderness congress [Sept. 14-17, 1987-Estes

193

Park, Colorado]. U.S. Depatment of the Interior, National
Park Service, Atlanta, Georgia

Haris, L.D. 1984. The fragmented forest. Universty of Chica
go Press, Chicago.

Heinselman, M.L. 1973. Fire in the virgin forests of the
Boundary Waters Canoe Area, Minnesota. Quat. Res. 3:
329-382.

Hubbell, SP. and Foster, R.B. 1986. Canopy gaps and the dy-
namics of a Neotropica forest. [n Plant ecology. pp. 77-96.
Edited by M.J. Crawley. Blackwell Scientific Publications,
Oxford.

Janzen, D.H. 1983 No pak is an idand: increase in interference
from outside as pak size decreases. Oikos 41: 402-410.
Johnson, E.AA. 1979. Fire recurrence in the subarctic and its im-
plications for vegetation composition. Can. J. Bot. 57. 1374

1379.

Johnson, EA. and Van Wagner, CE. 1985 The theory and use
of two fire hisory modds. Can. J. For. Res. 15 214-220.

Lovejoy, T.E., Rankin, J.M., Bierregaard, R.O., Brown, K.S.,
Emmons, LH. and Van der Voort, MEE. 1984. Ecosysem de-
cay of Amazon forest fragments. Jn Extinctions. pp.
295-325. Edited by M.H. Nitecki. University of Chicago
Press,  Chicago.

Malanson, G.P. and Butler, D.R. 1984. Avalanche paths as
fuel breaks: implications for fire management. J. Environ.
Manage. 19: 229-238.

Martin, R.E. 1982. Fire history and its role in succession. In
Forest succession and stand development research in the
Northwest. pp. 92-99. Edited by J.E. Means. Forest
Research Laboratory, Oregon State University, Corvallis,
Oregon.

Marzolf, R. 1988. Konza prarie research naturd area of Kansas
State University. Trans. Kans. Acad. Sci. 910 24-29,

Minnich, R.A. 1983. Fire mosaics in southern Caiforniaand
northern Bga Cdifornia.  Science 219:  1287-1294.

Noss, R.F. and Harris, L.D. 1986. Nodes, networks, and
MUMs: preserving diversity at &l scales. Environ. Manage.
10:  299-309.

Paine, RT. and Levin, SA. 1981 Intertidal landscapes. distur-
bance and the dynamics of pattern. Ecol. Monogr. 5:
145-178.

Parsons, D.J., Graber, D.M., Agee, JK. and Van Wagten-
donk, JW. 1986. Natura fire management in nationa parks.
Environ. Manage. 10; 21-24.

Parsons, D.J, Stephenson, N.L. and Swetnam, T.W. (in press).
Restoring natural fire to the sequoia-mixed conifer forest:
should intense fire play a role? Proceedings of the Tal Tim-
bers Fire Ecology Conference 17, in press.

Pickett, ST.A., Kolasa, J., Armesto, J.J. nd Collins, S.L.
1989. The ecological concept of disturbance and its expression
a various hierarchical levels. Oikos 54: 129-136.

Pickett, STA. and Thompson, JN. 1978 Patch dynamics and
the design of nature reserves. Biol. Cons. 13. 27-37.

Reiners, WA, and Lang, GE. 1979, Vegetationd patterns and
processes in the balsam fir zone, White Mountains, New
Hampshire.  Ecology 60: 403-417.

Romme, W. 1980. Fire history terminology: report of the ad hoc



194

committee. Jn Proceedings of the fire history workshop
[Tucson, ArizonaOct. 20-24, 1980]. pp. 135-137. Edited hy
M.A. Stokes and JH. Dieterich. USDA Forest Service
Genera  Technicdl Report RM-81, Rocky Mountain Forest
and Range Experiment Station, Fort Collins, Colorado.

Romme, W.H. 1982. Fire and landscape diversity in subapine
forests of Y ellowstone National Park. Ecol. Monogr. 52:
199-221.

Romme, W.H. and Despain, D.G. 1989. Historicd perspective
on the Yellowstone fires of 1988. Bioscience 39: 695-699.
Romme, W.H. and Knight, D.H. 1982. Landscape diversity; the
concept applied to Yellowstone Park. Bioscience 32:

664-670.

Runkle, JR. 1982. Paterns of disturbance in some old-growth
mesic forests of eastern North America. Ecology 63 1533-
1546.

Rykid, EJ, J. 1985. Towards a definition of ecologica distur-
bance. Austr. J. Ecol. 10: 361-365.

Schonewald-Cox, CM. 1988. Boundaries in the protection of
nature reserves. Bioscience 38: 480-489.

Schonewald-Cox, CM. and Bayless, JW. 1986. The boundary
model: a geographical analysis of design and conservation of
nature reserves. Biol. Conserv. 38 305-322.

Shugat, HH., J. and Wes, D.C. 1981 Long-term dynamics
of forest ecosysems. Am. Sci. 69; 647-652.

Shukla, J, Nobre, C. and Sdlers, P. 1990. Amazon deforesta
tion and climate change. Science 247: 1322— 1325.

Swanson, F.J, Frankling JF. and Seddl, JR. 1990. Landscape
paterns, disturbance, and management in the Pacific North-
west, USA. In Changing landscapes. an ecological perspec-
tive. pp. 191-213. Edited by IS. Zonneveld and RT.T. For-
man.  Springer-Verlag, New York.

Tumer, M.G. and Romme, WH. (in press), Landscape dynam-
ics in crown fire ecosystems. In Pattern and process in crown
fire ecosystems. Edited by RD. Laven and PN. Omi. Prince-
ton University Press, Princeton.

Urban, D.L., O’Neill, RV. and Shugat, HH. J. 1987. Lano-
scape ecology. Bioscience 37. 119-127.

van Wagtendonk, JW. 1986. The role of fire in the Yosemite
Wilderness. 7n  Proceedings-national  wilderness research con-
ference: current research [Fort Callins, Colo.-July 23-26,
1985]. pp. 29. Edited by RC. Lucas. USDA Forest Service
Generd  Technicad Report INT-212, Intermountain  Research
Station, Ogden, Utah.

White, A.S. 1986. Prescribed buming for osk savanna restora
tion in centrd Minnesota U.S. Department of Agriculture,
Forest Service Research Paper NC-266, North Centra Forest
Experiment Station, St Paul, Minnesota. 12 pp.

White, P.S. 1979. Pattern, process, and natural disturbance in
vegetation. Bot. Rev. 45 229-299.

White, P.S. 1987. Natural disturbance, patch dynamics, and
landscape pattern in natural areas. Nat. Areas J. 7: 14-22.

White, P.S. and Pickett, S.T.A. 1985. Natura disturbance
and patch dynamics: an introduction. /n The ecology of
natural disturbance and patch dynamics. pp. 3-13. Edited
by ST.A. Pickett and P.S. White. Academic Press, New
York.

Wright, H.A. and Bailey, AW. 1982. Fire ecology. John Wiley
and Sons, New York.

Yancik, RF. and Roussopoulos, PJ. 1982. User's guide fo the
nationa fire occurrence data library. USDA Forest Service,
Rocky Mountain Forest and Range Experiment Station, Fort
Collins,  Colorado.



