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Scale Considerations for
Ecosystem Management

Jonathan B. Haufler, Thomas Crow, and David Wilcove

Key questions addressed in this chapter

& Spatial and temporal components of scale that are important [0 ecosystem
management.

& Why careful consideration of scale is critical to ecosystem management.

& Criteria and suggestions for determining the extent of planning fandscapes.
& Considerations in identifying appropriate resolution of mapping or data.

& Time-spans for ecosystem management planning

& Time-spans for historical perspectives.

Keywords: Landscape planning, spatial scale, temporal scale, mapping
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t  INTRODUCTION

One of the difficult challenges facing ecosystem
management s the determination of appropriate
spatial and temporal scales to use. Scale v a spatial
sense includes considerations of both the size area or
extent of an ecosystermn management activity, as well as
the degree of resolution of mapped or measured data.
in the temporal sense, scale concerns the duration of
hoth natural and  human  induced  disturbances,
duration and time intervals of successional trajectories,
the appropriate planning horizon of future activities,
and the length of any historical perspective.

A review of literature relating to scale as acomponent
of ecosystem or natural resource management reveals
how recently identified this topic is, with considerable
focus of attention only within the fast two decades. Early
plant ecologists such as Clements (1916} and Tansley
{1924) addressed questions about plant dynamics at a
ssand (homoegeneous group of plants) level. This focus
dominated debates concerning species composition,
stand structural relationships, and successional traject-
ories through the next 50 years. Simitarly, most animal
ecologists focused their atiention on the relationships
among species, or in describing stand-level habitat
conditions required by different species. Leopold (1933}
contributed a broader view of wildlife-habitat relation-
ships by introducing the muiti-stand concepts of edge,
interspersion, and juxtaposition. The importance of
integrating regional geography and vegetation science
was first termed landscape ecology by Troll {1939), as
discussed by Turner and Gardner (1991). Greig-Smith
{1952) discussed the importance of scale in evaluating
the distributional patterns of plants, However, it was not
until the 1980s that scale issues relative to resource man-
agement became a major compornent in the ecological
literature. Schneider (1994:2) stated “In reading the eco-
logical literature prior to 1980, I gained the impression
that nearly all papers before 1980 treat scale either
implicitly, or not at all.” He attributed this partially to
the refatively recent technological advances in compu-
ters, geographical information systems (GIS), and
remote sensing tools that have facilitated many new
tyvpes of scale analyses.

Ecosystem management has emerged as a way of
addressing increasingly complex management plan-
iing needs. It can be defined in various ways, but
regardless of a specific definition, it generally requires
management decisions over a large geographic area

1994). Effective ecosystem management iwill
to uiilize many of the tools developed by the
expanding field of landscape ecology. As Wiens {1992)
noted, scale issues are one of the largest future chail-
enges to ecologists.

o5

I this paper on scale considerations, we address the
following kev issues:

¢ Spatiad and temporal components of saale that are

importanf to ecosvafem management,

* Why careful consideration of scale is critical to eco-
system management.

* Criteria and suggestions for determining the extent

LM vt

of planning landscapes.

* Considerations in identifying appropriate resolu-
tion of mapping or data,

* Time-spans for ecosystem management planning

* Times-spans for historical perspectives.

Scale considerations are integrally linked to the defini-
tion and objectives of ecosystem management. Cco-
system management generally involves the considera-
tion of ecological, social, and economic objectives, cach
of which will require different scale considerations.
Although all three of these are important objectives for
successful ecosystem management, this paper will em-
phasize the consideration of scale issues primarily for
ecotogical objectives.

2 BACKGROUND FOR $SCALE
CONSIDERATIONS

Scale is defined by the size and extent of the observa-
tions in time and space as well as by the resolution (i.e.,
pixel size or grain) of the measurements. Scale is rela-
tive because it is either large or small compared to some
reference generally defined by an observer (Hoeskstra
etal. 1991). The discussion of scale relative to ecosystem
management requires the use of numerous terms,
some of which often have different meanings. The use
of scale terminology has differed somewhat between
ecologists and geographers. Geographers use the terms
large and small scale to describe the scale of amap, with
a large-scale map depicting less land area per cm of
map than a small-scale map. Ecologists have generally
referred to large scale as a description foran analysis'of
alarge-sized area. In this paper, we define terms in the
following ways: '

o size or exfent: the amount of area or length of time
contained in a delineated landscape or time-span, or
a measure of its breadth and width or duration;

ety - -
cetv homoeoe-

o stane an identified arza with relat

neous structure and compesition of vegetation;

o resolution: the level of detail, such as pixel size ov
graininess, that is incorporated into the mapping of
an area or in the collection of data; :
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e coarse fillers an approach to ecosystery management
that involves providing for an appropriate mix of
ecological communities across a planning land-
SCAPE;

s Jine flter an approach 1o ecosystem management
that involves a focus on the needs of individual spe-
cies or groupings of species as a basis for landscape
planning

e coarse seale: a level of resolution or grain size used in
mapping or measuring data based on units such as
large pixel sizes, large grain, broad categories, etc,;

v fing scaie: a level of resolution or grain size used in
mapping or measuring data based onr units such as
small pixel sizes, small grain, detailed data, etc.;

« broad scale: an area of analysis or management with a
farge extent, containing & relatively large amount of
acreage or a jong duration;

o onall seale: an area of analysis or management with a
smail extent, containing a relatively smallamount of
acreage or a short duration.

How we perceive an object or a phenomenon is greatly
influenced by the scale, both in space and time, at
which it is viewed. This rather obvious fact has impor-
tant implications for both science and resource man-
agement (Hoekstra et al. 1991). In many published
studies, there is no recognition of the sensitivity of the
results to the scales at which they are conducted. In-
deed, it is not unusual for the same question to be stud-
ied at many different spatial and temporal scales. Ineco-
system management, the approach used and objectives
being addressed will have a direct bearing on the appro-
priate scale to use. If a fine filter approachisbeing used,
then the planning environment shouid consider the
needs of the specific species of interest. Typically re-
source managers have mapped landscapes into stands
on the basis of what they observe to be homogeneous
conditions relative to their land management objec-
tives. However, from the vantage point of a small
mammal, the important components of a stand might
look completely different, and scale related issues
would be very different. Instead of looking at the com-
position and structure of vegetation in a forest in terms
of the overstory of trees, the critical scale might be the
arrangement and patchiness of the understory herba-
ceous vegetation. Addressing a question at the wrong
scale often leads to a failure of explanation and to the
wrong conclusions (Wiens 1989, Turner 1994}

Turner and Gardner (1991} distinguished between
scaie and level of organization. They defined scale as
“the spatial or temporal dimension” (1991:6), whereas
level of organization was defined as “the place within
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Fig. 1. Space/time hierarchy {after Holling 1995) for plant
biotic processes and climatic disturbance events,

some biotic hierarchy” (1991: 6). Others have described
scale as operating in a hierarchical fashion. Spatial
hierarchies have been described for ecological diversity
from niches to biospheres {Miller 1396}, for ecological
classification from sites to domains {Ecomap 1993), for
disturbance activities from small mammal infiuences to
major floods (Bourgeron and Jensen 1994), and for
aquatic communities from channel units to river basins
(Maxwell et ai, 1995}, Temporal hierarchies have heen
described for aquatic systems (Maxwell etal 1993) and
disturbance regimes {Bourgeron and Jensen 1994}
Holling (1995} (Fig. 1) depicted a combined spatial and
temporal hierarchy. Hierarchy thepry provides an
organizing framework to search for common prop-
erties across broad classes of complex systems, inclu-
ding physical, biological, social, and artificial systems.
It is important to recognize these hierarchical levels of
organization, and their potential influences on
defining appropriate scales.

How do we take fundamental information about
ecological progesses obtained at fine scales (2.8,

- levels of

respanse of leaves to elevaty
ozonej and apply it 1o responses abserved at broad
scales (e.g. @ landscape, a region, or even she entive
ecosphere)? Understanding the properties of complex
hierarchical organizations is useful in addressing this
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guestion (Pattee 1973, Simon 1973} For example, the
sal

organization to another is not a simple additive pro-

transfer of information frem one level of eeolog

cess. Vital information from lewer levels in o hierarchy
may be exiranecous infermation at higher levels of
organization. Furthermore, levels in an organizational
hierarchv can be isolated from one another because
they operate at distinctly different rates. A leaf, for
example, is sensitive to changes in light conditions that
can be measured in seconds and minutes. A forest
stand integrates this information ever weeks, months,
and growing seasons, and its growth responses are
measured in these timeframes. Successional change
influences light conditions over years and decades. At
each level in the organizational hierarchy, new orga-
nizing principles apply and new properties emerge, so
properties of whole systems cannot effectively be
predicted from the properties of simpler subsystems
{Allen and Starr 1982).

What is an appropriate area (extent) for ecosystem
management and planning? In determining extent,
numerous factors should be considered, including
ecedogical, economic, legal, political, and other social
considerations, all of which are influenced by different
factors operating at potentially different scales. This
determination must consider the minimum-size area
thatis capable of addressing the stated objectives of the
initiative as well as the maximum-size area that can
teasibly be included from the standpeint of data
collection, data storage and analysis, collaborative
partnerships, and the resources available to do the job.
The extent of the area can also influence the resolution
to be used in mapping or data collection. The data must
have the necessary or required precision to achieve the
desired objectives, but also be feasible to ¢ollect, store,
and analyze. No one scale of extent or resolution will
meet all of the objectives of ecosystem management,
but instead, multiple spatial scales are likely to be
incorporated into the decision-making process. Project
planning can involve considering a range of spatial
scales from a few hectares to millions of hectares. In
reality, however, decisions are most often made at local
levels by people working on the ground. It is important
that these decisions be made within the broader con-
text provided by a landscape or regional assessment or
a regional planning framework (Weintraub and
Cholacky 1991, Crow and Gustafson 1996},

Time-frames to be used in ecosystem management
2lso require careful considerations. The planning

we-frame for ecosystern management must consider
the praciical realities of legal, political, and legislative
constraints, but also the reievance and requirements of
ecological parameters. Time-frames for historical per-
spectives must balance the availability of information,

the influences of industrial societies on disturbance

mmess as well as facters such as global climaie

changes (g, ice ages), shifts in species’ ranges and

interactions, and evolutionary processos,

3 RELEVANCE OF SCALE TO ECOSYSTEM
MANAGEMENT

Ecosystems are notclosed, self-supporting systems, but
rather are parts of larger inter racting systems. Signi-
ficant problems arise if ecosystems are treated as an

”

isolated “entity.” Rather, the scosystems in an area
must be viewed in the context created of the broader
surrounding landscape. For example, providing habi-
tat for forest interioy birds often involves identifying
within-stand areas of sufficient distance from an edge
to provide protection from parasitism from brown-
headed cowbirds {Moloflirus aler) (Brittingham and
Temple 1983, Reese and Ratti 1988). However, Robin-
son {1990) reported that the Shawnee National Forest
was so saturated with cowbirds from the surrounding
agricultural landscape that wood thrush {(Fylociolis
musteling) nests were just as heavily parasitized (%0%
parasitism) at 400 m from an edge as at the edge. In
contrast, Stribley (1993) found that in the primarily
forested area of northern Michigan, cowbird parasitism
wasnota problem for nests at any proximity to edges, if
agricultural lands or other cowbird foraging areas were
located farther than 3 km from ¢he site. Thus,
surrcunding lands can have a significant influence on
relationships occurring within similar stand types in
two different landscapes, and can significantly influ-
ence the character of a habitat patch (Janzen 1956).
Maintaining biological diversity, including genetic,
species, and ecosystem levels, is one generally identi-
fied objective of ecosystem management. Attainment
of ecological objectives, such as maintaining biological
diversity, requires at least some minimum spatiai area
and time span. A fine filter approach is typically used
for maintaining viable populations with sufficient
genetic diversity and interchange to avoid inbreeding
concerns and to provide sufficient resilience against
demographic or environmental stochasticities, In
contrast, a coarse filter approach, strives to provide the
ecological communities necessary to maintain ecosyst-
em function and integrity, and thus provide for viable
populations of species within these ecological commu-
nities over an appropriate Hme span. :
The area required to meet these ecalogical vbjectives
sanvary greatly, ﬁspccmlh'depgn\imvun haav t

10yl

=i considerations are factored inta the pis
For example, maintenance of pupulatwn vzamhw isan
essential component of ecological objectives relating to
biodiversity. Population -viability analysis attempts to
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Assessment Team 1993). This time-span might seem
Eong relative to actusl applicability of forest plans,

which seldom stay consistent for even 10 years. How-
puer, 100 vears is a relatively short time-span when
iewed from the context of the average "life span” of a
*.:‘s_\.h,o {i.e., the time a species survives before it goes
extingt or evolves inte new species), Based on fossil
records, Enrlich and Wilson (1991} reported that the life
span of most species has ranged from one to ten million
vears. Species exist as aggregates of discrete popula-
Hons. Individual populations of a species may exist for
2 much shotter period of time than the life span of the
soecies, and it is only when the last population has
x:. red that the species becomes extinet. By some esti-
stes, begause of human activities, the extinction rate
1y be nearly 100 times the average

ears {(Ehriic h 986). When
vspective, the mportande
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Thus, scale considerations, both spatial and temporai,
are significant concerns in planning efforts that ad-
dress biodiversity objectives.

Ecosystent analyses must span severnl
ever the management actions being considered affert

seales whene
ecological processes that operate at different scales. For

example, a timber a direct effect

on the process of regeneration at the stand level But
the same activity can, through cumulative effucts,
change sediment deposition and insect population dy-
namics at the watershed lovel and economic outcomes
at a local community level. However, if one were 1o
consider even all the ecological processes that could be
potentially affected, the analysis would quickly getolit
of hand, Obvipusly, some practical bounds are £ss-
ential. Some practical tools for ecosystem management
are also needed. Decision-support models such as the

northeast Decision (Kollasch and Twery 1993) and
spatial models such as the allocation model HARVEST
{Gustafson and Crow 1996), or the Forest sICCUSSion
and landscape  management model  LANDIS
(Miadenoff ¢t al. 19963 are helpful for evaluating malt-
iple factors and interactions at sevs erat spatial stales

harvesting activity has a

4 SCALE CONSIDERATIONS

brat should beoad

cale consideration

ecow»tem mandgemem process include:
* the extent of the planning landscape;
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* the appropriate resolution for mapping or data col-
lection;

* the planning fime-span; and

* the time-span for an historical perspective.

4.1 Extent of Planning Landscape

One of the first steps in ecosystem management,
following an initial identification of the participants
and management objectives, is determining the extent
and boundary(ies) of the planning landscape (Haufler
et al. 1996), This involves considering the apprepriate
size of the landscape, and the boundary criteria.
Haufler et al. (1996: 201) listed the following as criteria
for delineating ecological boundaries:

* Similar biogeoclimatic conditions that influence site
potentiats.

* Sirnilar historicat disturbance regimes thatinfluence
vegetation structures and species compositions,

* Adequately sized landscape to provide sufficient
ranges of habitat conditions to assure population
maintenance of the majority of native species that
historically occurred in the planning landscape, ex-
cluding certain species such as megafauna. Mega-
fauna or species with low population densities will
require analyses at broader scales where contribu-
tions from landscapes are aggregated to address
population maintenance of these species.

*+ Recognition of maximum size to avoid practical op-
erational limitations in terms of data management,
implementation restrictions, and number of cooper-
ating landowners necessary for successful plans.

Ecomap (1993) and Maxwell etal. (1995) provide a hier-
archicat classification for boundary determination that
can be used to define a planning landscape. Haufler et
al. (1996), using the above criteria and classification, ad-
vocated using the section or aggregates of subsections
level (equivalent to Bailey’s subregions {Bailey 1995,
1996)), to provide an appropriate landscape size to
meet ecological objectives while being operationally
functional. In [daho, Haufler et al. (1996} described the
Idaho Southern Batholith landscape comptised of an
aggregation of subsections containing 2.3 million ha
within the Idaho Batholith Section {McNab and Avers
1994). In Washington State, an aggregation of sub-
sections was selected to delineate the 1.1 million ha
Central East Cascade planning landscape (D. Volsen,
Boise Cascade Corp., pers. comm.) In Minnesota, the
entire Northern Minnesota/Ontario Peatlands Section
was identified as a planning landscape for an ecosys-
tem management initiative in that state (B. Kernohan,

Boise Cascade Corp., pers. comm.). Within cach of
these planning landscapes, an ecosyvstem diversity ma-
trin (Haufler 1994, 1995, Hautler et al. 1996) was then
developed to characterize and quantify the forested
ecosystems. This matrix provides for the quantification
of ecological land units within the planning landscape.
An additional criteria for delincating planning land-
scapes is that ecological land units within the land-
scape should be consistent enough throughout the
landscape that they have an acceptable level of vari-
ability for key habitat variables or characteristics (Roloft
1994). In other words, all stands that comprise an eco-
legical land unit should have similar enough composi-
tion, structure, or other characteristics so that habitat
variables that describe the unit have small enough vari-
ance for determining habitat quality or quantity for a
species,

Other ecosystem management initiatives, with
different objectives or organizational structures, have
used different scales. The Federal government delin-
eated the Interior Columbia Basin Ecosystem Manage-
ment Project as a planaing landscape for an ecosystem
management assessment, focusing on the Federal land
holdings (Quigley et al. 1996). The assessment area
included more than 58 million ha. At the other end of
the scale gradient, the Watershed Analysis Coordina-
tion Teamn (1993) recommended conducting ecosystem
analyses based on watersheds of 4500-52,000 hain size.

No single scale exists for describing ecosystem
patterns or diversity (Levin 1992, Noss 1990). The
inherent complexity of landscapes results in a mozaic
of both micro- and macro-site conditions that provide
for the range of patterns apparent at different scales.
Turner et al. (1994: 76) stated “View the landscape as a
whole and use landscape-level indices to measure
pattern at multiple scales. Do not focus solely onsingle,
simple concepts like patches and corridors, and recog-
nize that these concepts are scale-dependent.” These
views are not inconsistent with a hierarchicaily based
delineation of landscapes for planning purposes.”
When a planning landscape is delineated, it should
contain various descriptors of ecosystem complexity
within the planning landscape, and aliow interpreta-
tion of this complexity into larger-size areas in the
hierarchical classification. _

Most past management planning has utilized legal,
political, and ownership boundaries as the basis for
decisions. Although these boundaries remain critical,
ecosyster management has added new ecologicalcri-
teria to land management planning. Thase new criteria
require the consideration and identification of ecolo-
gical boundaries and scales. The social and economic
objectives of an ecosystem management initiative must
incorporate the ecological boundaries of the landscape
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sianning unit, bulwill usualiv retlect eoonomic mark-

ets, political structures, and sodal influences. Al of
For example, a

{

these operate at multiple-spatial scales.
tocal community will have many components of its
quality of life influenced by the surrounding land-
scape. The surrounding landscape will largely deter-
mine the scenery, tecreational oppor tunities, opportu-
nities for firewood cutting or mushroom picking, as
well as commercial extraction to support local commo-
ditv-based industries. This same landscape will have
additional objectives placed on itby state authorities to
meet objectives such as water quality standards. Addi-
tional national priorities for wilderness, mineral
exploration, or other objectives may override local
objectives. Desires at the local level for commodity-
based industry are dependent on the economics of
global markets. Conversely, thereis the possibility that
local restrictions on commodity extraction may raise
costs of a tocal supply of commodities to high enough
tovels that supply is shifted to more distant sources.
Whether or not this happens depends upon a complex
set of cconomic factors, but it has the potential to
“export” environmental probiems to other places with
iess stringent environmental safeguards.

Meshing the social and economic with the biological
and physical worlds remains a major challenge facing
resource managers. Significant advances have been
made in integrating these disciplines under the general
rubric of ecological economics (Constanza et al. 1991).
In this emerging science, great importance is attached
to the interaction of environment and economics and
to themes conunen to our chapter such as multi-scale
synthesis, hierarchical theory, and interconnections.

4.2 Resolution Issues for Mapping or Data
Collection

The resolution of the mapping units and data used in
ecosystem management can have a significant influ-
ence on the conclusions of an ecosystem analysis. For
example, Gap Analysis has used a fairly coarse scale (1
km pixel) in some of the state analyses. This means that
each pixel can be assigned only a single vegetation or
ecosystem characteristic. At this resolution, plant
communities that typically occur in relatively small
patches; for example willow {Salix spp.) along riparian
zones, will never occur on a map of vegetation tvpes
Species dependent on such plant communities, such as

the yellow warbler (Dendroica pefechim) in much of the
Western L5 will not be
available habitat, even though relatively significant
amounts of habitat may exist. Thus, using a very coarse
scale of analysis, yellow warblers might be identified as

recagnized as having any

a species of concern beeause of a lack of sufficient
resolution to identify the presence of suitable habitat.

I a similar example, Capen et al. (19949 compared
the mapping resolution used by a Gap analysis project
in Verment {100 ha pixels} to a finer scale resclution
that mapped stands to an average size of 9.5 ha. They
found that with the finer scale resolution there were 63
community types on & 62,000-ha study area that were
analyzed with species habitat models to support 98
bird species. Using a similar anaiyqis with the Gap data,
36 of the 68 comymunity tvpes were “lost” and only 67 of
the 98 bird species were retained. Thus, too coarse a
scale of resolution can lead fo different and often mis-
leading results of both available ecosystems and
associated species.

On the other hand, using data at too fine a scale can
overwhelm data storage and analysis capabilities for
most planners. One landsat thematic mapper scene
(185 ki x 170 km) for 7 bands ata 30 m pixel resolution

requires 2443 megabytes of computer memory (C

Campbell, Boise Cascade Corp., pers. comm.), With
current technologies leading to capabilities of a 1-m
pixel resolution, with potentially 900 times the data
generation of a 30-m pixel, the data support needs can
become staggering. As computer speed and data hand-
ling and storage capabilities expand, these barriers may
disappear. At the present, however, real limitations of
hardware and software relative to the planning land-
scape area exist and must be recognized.

Another example of resolution delineation was dis-
cussed by Schneider (1994: 27). He stated “The length
of the seacoast as measured on a map will differ from
that measured by pacing along the beach because the
map measurements are at a much coarser scale than
pacing. The customary view of this difference is that
the beach has a true length and that measurement with
a meter stick is closer to the true value than measure-
ment with a larger unit, such as a kilometer stick. But
how far do we take this? Should we say that measure-
ment with a meter stick is also inaccurate, and that a -
centimeter stick must be used instead? How small a
stick is necessary to obtain the “true” length?”

For stand delineation or measurements, similar
decisions must be made. Fine-scale data, suchasal-m
pixel resolution, theoretically can distinguisha l-m gap
in canopy coverage in a stand of trees. Should all of
these gaps be mapped out as separate stands? For most
purposes, this would present too fine a resolution ofa
‘i'-m{sulpc to interpret relative to mapping of "homo-
geneous” stands. At some fine scale of resolution, addi-
veater than thatdiscerned by a

tonal precision may'l
species of interest, if a fine filter assessment 15 being
utilized. For example, it is very unlikely that an etk
(Cervus elaphus) would res_po_nd to a 1-m gap in‘canopy
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coverage. However, a vole (Microtus spp. might select
a 10-m patch of grass in an understory. What then is
appropriate, mapping of H-m gaps, 30-m gaps, I-ha
openings, or d-ha openings? The larger the disconti-
nuity in the vegetation that is agcepted, the greater will
be the variance around parameters for descriptions of
stands. The finer the resolution, the more homogene-
ous the overall stand delineations, up toa point where
additional precision is actually sampling variation
within otherwise homogeneous stand conditions,

The concept of minimal area of a stand (Mueller-
Dombois and Ellenberg 1974, Barbour et al. 1980} has
considerable relevancy to this resclution question,
Thus, resolution of data and mapping precision are
criticat considerations in classifying and describing
ecosystem management landscapes. The specific use of
the classification will help to identify an appropriate
resolution. The resolution of data and mapping is
usuatly set by what is available within a planning
pudget, with little consideration given to the assess-
ment or consequences of using the selected scale.

Resolution considerations also operate for temporal
components of ecosystem management. In monitoring
or data cotlection, the sampling intensity or interval
should consider the periodicity of the process or phen-
omena being sampled or monitored. For example,
measurement of humidity in riparian zones in the
Western United States reveals more variability on a
hourly basis (Fig. 2) throughout a day, than variation
from different locations at any one point in time (R.
Danehy, Boise Cascade Corporation, pers, comm.),
Thus, investigations of factors influencing humidity in
riparian zenes would need to account for the temporal
changes in humidity throughout a day in any mean-
ingful analysis of site effects. Similarly, habitat use by
many animais is strongly influenced by daily activity
patterns, Beyer and Haufler (1994) displayed how
fatlure to monitor habitat use throughout a 24-hour
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Fig. 2. Graph of relative humidity (RH) recorded houtly at two
distances from a stream in Western Oregon, R. Danehy, Bolse
Cascade Corporation, unpublished data,

time-span for animals that are both diuraally and
noctirmally active can lead to inaccurate descriptions
of habitat use and importance. At a different temporal
scale, vegetation structure, composition, nutrient
status, and other factors change seasonally, and even
within a season, as plants grow and senesce. These
temporal patterns may not be consistent even in fairly
local environments depending on influences such as
elevation, aspect, shade, and soil moisture. At a Jonger
temporal scale, the vegetation being sampled will
change annually with growth and maturation of
stands, and successional change. At fonger time scales,
differences have been noted between ecclogical time
and evolutionary time. Schneider (1994 28) disting-
uished these as “Evolutionarv time operates on a long-
er time scale, over which changes in gene frequency
can be described as trends, rather than a noisy coming
and going of alleles. Ecological time operates on a
shorter time scale, over which changes in population
size occur with little or no change in gene frequency ”
The significance of all of these temporal effects on the
information being collected by the sampling or
monitoring should be considered in sampling designs.

4.3 Time-spans for Future Planning

Maintaining biological diversity and ecological pro-
cesses involves considering time frames that are often
far beyond traditional planning horizons. Genetic
components of biclogical diversity may involve the
analysis and planning for multiple generations of a
species to assure that adequate heterozygosity of gene
pools are maintained. Such time frames are beyond the
practical reaim of resource management decisions, yet
ecosystem managers must factor these long-term
concerns into the planning process.

Another example of the importance of temporal
scales in ecosystem management involves the ex-
change of genetic information and provisions for
demographic and environmental stochasticity among
metapopulations of a species. Noss and Cooperrider
{1994) and Harris and Gallagher (1989) discussed the
importance of maintaining corridors that allow
connectivity of similar habitat, such as old growth, to
facilitate dispersal and genetic interchange. They felt
that this was important to avoid problems with in-
breeding or stochastic population fluctuations that
could disrupt or extinguish metapopulations. This con:
cept views the landscape as a static condition, where
metapopulations are continuously linked by corridors
of similar habitat condition. Old growth corridors
would provide connectivity among late successional
stands ina landscape, assuming animals used the esta-
blished corridors, but they would also isolate earlier
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successional stands in the landscape, as itisimpossible
to provide connectivity of all late successional depend-
ent metapopulations and early successional meta-
populations at the same time. While dispersal
capabilities of old growth dependent versus early
successional  dependent species have not been
extensively examined, metapopulation considerations
point to the importance of addressing all connectivity
concerns. By incorporating a temporal scale into the
plan, connectivity of diverse populations at appro-
priate time intervals to protect against inbreeding
concerns can be factored into the plan. Camp et al.
(1997y and Oliver et al. (1997) discussed a landscape
analysis that showed dynamic shifts over time of
refugia for early or late successional species, and that
through changing landscape configurations, connect-
ivity of all metapopulations can be achieved. Thus
temporal considerations can provide critical linkages in
landscape planning designs,

Anether consideration for the planning time-span is
the duration of the planning horizon relative to the
duration of the disturbance regimes of the primary
ecosystems in the planning landscape. As mentioned
previously, return-intervals for fire disturbance can
range from less than 25 years to over 1000 years {Agee
19931 Tides cycle more frequently than daily. Major
flood events may occur at very irregular cycles, but
aquatic ecosvstems may take hundreds of years to
recover, Planning for 1000 years is unrealistic from a
pragmatic management standpoint. Yet, the signifi-
cance of 1000-vear disturbance intervals should be
factored into ecosystem management plans for such
ecosystems, without overlooking the importance of the
more frequent, often less severe, disturbances.

At very long time-spans (i.e., >1000 years), the eff-
ects of shifts in species ranges, and climatic events such
as global warming or cooling, could produce changes
in specigs interactions and competitive advantages,
and change the basic composition and structure of eco-
logical communities. Some would use such inform-
ation to argue that any attempts to characterize or
classify ecosystem compositions, structures, or distri-
butions are inappropriate, However, the necessity of
providing a reasonable projection of ecological outputs
from a planning activity overrides these broader
temporal scale views of ecosystem dynamics.

4.4 Historical Time-span Considerations
Perhaps less ominous but equaliy challenging is
defining an appropriate historical perspective to use in
ecosystem management. To meet ecological objectives,

understanding historical ranges of variability can pro-
vide important reference points. However, what range

of variability is being defined? Human alteration of
natural disturbance regimes has been dramatic over
the last 100-200 vears. Even prior to this, indigenous
pepulations were significantly influencing ecosystems
to varying degrees. With some disturbances occurring
at intervals of 530G+ years, range of varjability can be-
come intermeshed with shifting species distributions
and climatic changes, as «discussed above.

Ecosystem management must factor in an under-
standing of the influences of historical disturbances on
the occurrence, structure, and functioning of compo-
nent ecosystems in the landscape, and understand the
relationship of these historical disturbances with
recent anthropogenic disturbance. Each landscape
must be evaluated as to the appropriate reference time-
frame for an understanding of histerical disturbance
regimes. In the Western United States, an historical
perspective might focus on a time-span of 100400
vears ago (Steele 1994). In the Eastern United States,
because of the earlier extent of dramatic anthropogenic
influences, the appropriate time-span for analysis and
guantification may be from 200400 years ago.

Incorporating historical perspectives into ecosystem
management has severe restrictions from availability of
data. Typically, forests in drer landscapes have
preserved more stumps and logs that can be used for
dendrochronology studies, but in wetter environ-
ments, sources of data may be very restricted. Morgan
etal. {1994) discussed sources of information on histori-
cal disturbance regimes.

5 SCALE RECOMMENDATIONS

All efforts at ecosystern management at a landscape
scale are new approaches, and as such, should be
viewed as experimental and adaptive programs. This is
not to imply that landscape approaches are not based
on the best available information, or that they are in
any way inappropriate management directions, but
rather, that their results should be monitored and
adjusted as needed. Scale recommendations fall
directly into this category. Little empiricat data exist as
a direct basis for designating appropriate scales. How-
ever, various recommendations can be proposed that
may serve as initial targets for adaptive management.
The extent of an ecosysiem management initiative
needs to balance the various ohjectives and constraints,
as discussed previously. The section level or aggregates
of sub-sections within Ecomap {1993} seems to be a
reasonable balance of minimum size to meet ecological
objectives with 2 maximurm size 10 maintain an accept-
able amount of varsablhty in ecological communities
and to involve partnershxps and data compﬂatlon
Terrestrial components, such as cells within an eco-
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system diversity matrix {Haufler et al. 1996}, should
have acceptable levels of variance at this scale, with
most of the biodiversity of the landscape occurring in
maintainable pepulations. Aquatic components should
also be able to aggregate to this scale, with watersheds
as one Jevel of identifiable units that can aggregate up
to the landscape level (Bailey 1996). This extent of a
tandscape should also allow data to be collected and
analyzed at resolutions that are sufficiently fine-
grained to meet the needs of fine filter assessments.
Resolution of maps and data coliection should be
detailed enough to meet the desired objectives, but
allow for competibility with available storage and
analysis systems. Landsat imagery at 30-m pixels can
meet the needs of many objectives, but may not be
detaited enough for some fine filter assessments. It also
lacks the ability to discern many kinds of information
that may be needed in ecosystern management
including understory characteristics, soil typing, and
stream classifications. Stands should be mapped at
resolutions that provide sufficient description of com-
munity and habitat features to allow for all compo-

nents of biodiversity to be accounted for. If resolutions -

are too coarse, then components of biodiversity can slip
through the heterogeneity of stand conditions in the
mapping, and ecological objectives may not be met.
Even mapping resolutions of 5-10 ha will not typically
identify many small or linear habitats, such as narrow
bands of riparian vegetation. Such linear habitat may
be the primary habitat of species such as the previously
mentioned yellow warbler. Too detailed a resolution
may not allow functional homogeneous units to be
mapped in a landscape. The appropriate mapping
resolution for a planning activity must be carefully
evaluated relative to the full suite of management
objectives. If the desired level of resolution cannot be
obtained at present due to budget or technological
limitations, then the potential implications of this
should be clearly identified and stated.

Planning time-spans should recognize degrees of
expectations at increasing time intervals. Retatively
detailed plans are often expected for the immediate
future (e.g., 10 years). Less detailed plans, that still
prescribe specific targeted conditions and their loca-
tions on the ground, might be expected for a 20—
50-year horizon. Plans for longer than 50 years tend to
portray trends for the conditions that need to be
vresent, and descriptions of how they will be provided,
but not to the same degree of specificity as for the
shorter time frames. The realization that demands,
knowledge, and technologies will undoubtedly change
dramatically over the next 20 years makes unrealistic
the expectation that detailed plans will remain in effect
for long time periods. For longer time periods, it is

probably reasonable to target ecological
conditions that are expected to be needed to meet
ecological objectives, and assure that short-term plans
provide for the capability of providing these conditions
in the future. Thus, plans should strive to meet short-
term specific objectives, and assure that longer-term
objectives are not precluded.

Historical perspectives of ecosystem management
are well summarized by Morgan et al. (1994). They felt
that the historical ranges of variability of significance to
ecosystem management should be “assessed over a
time period characterized by relatively consistent cli-
matic, edaphic, topographic, and biogeographic
conditions” (1994: 94). For inland forests in the Western
United States, Steele (1994) recommended a time inter-
val of 100400 years for defining historical disturbance
regimes. In other areas this time interval may need to
start further back to factor in the earlier influences of
European settlement.

more

& CONCLUSIONS

1. Scale considerations are a critical component in all
ecosystem management efforts, and include the
extent of the planning landscape, the resolution of
mapping and data coltection, the time-span for
the planning horizon, and the time-span for an
historical perspective. .

)

No one scale will meet all objectives of ecosystem
management. Rather, appropriate scales must be
selected for the various objectives, and linkages
among these scales identified.

3. Analyses at different scales, or at the same scale
but in different landscapes, can lead to signifi-
cantly different conclusions. Thus, many ecosys-
tem management relationships are scale and/or
landscape dependent.

4. The spatial-extent of planning landscapes must be -
large enough to address adequately population
viability, biodiversity, and other such components
of ecological objectives, but not be so large as to
cause either too much variance in delineated eco-
logical communities within the landscape; or
make infeasible the building of collaborative part-
nerships or databases. The section level of Ecomap
(1993), or aggregates of subsections, may be an ex-

- ample of this balanice. - T ;

The resolution of mapping and data should be de-
‘tailed enough to allow for the identification of

landscape mapping units (e.g., stands, stream

reaches) that can provide descriptions of the habi-
tat requirements of species, but allow for a reason-

i
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able identification of homogeneous conditions for
planning. Pixel sizes of 30 m, or mapping resolu-
tions of approximately 2 ha may balance these
needs for many landscapes, although all manage-
ment objectives need to be evaluated relative to
the planned resolution. Data and budgeting re-
strictions may preclude a desired level of detail,
but desired levels of detail may be targeted for fu-
ture efforts.

6. Planning time-spans should focus on providing
detailed actions for short-term objectives, while
also providing for conditions to be produced or
maintained to meet long-term objectives. The du-
ration of successional trajectories and disturbance
regimes must be factored into planning time-spans.

7. Historical perspectives must address time-spans
that allow for historical disturbance regimes to be
considered prior to dramatic anthropogenic alter-
ation, but balance this with the length of time that
data on these disturbances can be generated. In
the inland forests of the Western United States, a
100-400-year perspective may be appropriate
{Steele 1994).
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