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A thing is right when it tends to preserve the integrity,
stabilirv, and beauty of the biotic community. It is wrong
when it tends otherwise.

—Aldo Leopold

11.1 INTRODUCTION

The day starts like any other with one exception, a request
to evaluate the effects of a proposed residential develop-
ment in your management district. Development has
occurred in adjacent districts, but not in yours. You realize
that the proposal represents more than just one action, it
fepresents the first of a series of actions that can alter the
ecological integrity, the management of natural resources,
and the aesthetics of the landscape. The simple action of
evaluating a development plan confronts you with three
Questions: (1) How does the current proposal affect the
structure and function of the site and adjacent areas? (2)
What areas need to be conserved or protected to minimize
environmental effects from future development? (3) How
Will these areas be protected (e.g., legally) from future
development?
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Of course, the land is privately owned, and a private
landowner has the right to develop his or her lands in com-
pliance with federal, state, and local environmental laws
and regulations. Does this mean that managers need to
resign to the fact that development will occur? Quite the
contrary, as land managers, we can provide critical infor-
mation and insights into the development process by
identifying important sites — ecological, physical, and
cultural — within the landscape and by providing guide-
lines to landowners to minimize environmental and cul-
tural degradation of those sites. In addition, we can provide
guidelines to local decision makers who develop policy for
land-use decisions. Without this input, development will
continue to degrade the environment, alter social structure,
and change the aesthetic beauty of the landscape.

My intention is not to provide an exhaustive review of
the extensive literature on methods to protect the environ-
ment from development (e.g., Duerksen et al. 1997;
Foresman et al. 1997; Dale et al. 2000) but rather to use the
literature to provide natural resource managers and land-use
planners with some basic guidelines to begin to evaluate the
effect of development on natural systems. This chapter is
also not a cookbook with recipes to achieve specific

161



162 Forests at the Wildland-Urban Interface: Conservation and Management

outcomes, but rather it emphasizes concepts for developing
specific recommendations that can be taifored for individual
conditions. The chapter has three sections — “Why
Ecosystems?” "Why Landscapes?.” and “Tomorrow’s
Landscapes Today™ — to address the first two questions
facing a lund manager. To address question three, the man-
ager or planner can propose to (1) purchase the property, (2)
purchase development rights, (3) propose tax incentives,
and (4) regulate land use. These options are discussed thor-
oughly in Chapters 4. 3, and 6 of this book and in the
Southern Wildland-Urban Interface Assessment (Macie
and Hermansen 2002), and will not be discussed here.
Sections “Why Ecosystems?” and ““Why Landscapes?”
introduce ecosystem management as a holistic approach to
land-use management decisions and to evaluate the effect of
development on natural systems at a landscape scale. The
third section, “Tomorrow’s Landscapes Today,” applies
ecosystem management to identify key physical, ecological,
and cuitural sites in the landscape, to evaluate proposed
development, and to minimize negative effects from future
development.

11.2 WHY ECOSYSTEMS?

In 1992, the USDA Forest Service adopted an ecosystem
approach to multiple-use management (Overbay 1992).
The approach was proposed and accepted by the agency
as a means to shift focus from sustaining production of
particular goods to sustaining the viability of physical,
ecological, and social systems (Kaufmann et al. 1994).
Since this policy shift, ecosystem management has been
the guiding principle for management decisions in the
Forest Service as well as other federal, state, and local nat-
ural resource management agencies.

Why ecosystems? An ecosystem refers to a spatially
and temporally explicit place that includes all the organ-
isms, the abiotic environment, and their interactions
{Likens 1992). Unlike population and community
approaches to management, which focus on the interactions
of individuals and species, an ecosystem approach focuses
on the interactions -— flows and processes — among phys-
ical, ecological, and social components. Hence, the ecosys-
tem is a functional unit where physical. ecological, and
social components interact (Farina 2000), and an ecosystem
approach to management accounts for these interactions
and flows, and structure that influences them.

Ecosystems are open systems. Energy (e.g., photosyn-
thesis, herbivory, and predation), organisms (e.g., migra-
tion, foraging and breeding, and diurnal and seasonal
movements), and matter (e.g., nutrients, water, sediments,
and heavy metals) flow into, within, and out of the system.
Therefore, an ecosystem influences and is influenced by
neighboring ecosystems (Likens 1992). For example, in the
past, land managers considered individual management
units as being ecologically independent of each other rather

than as integrated parts of a larger ecological system. By
altering a management unit, the manager not onlyv affects
the flows and processes occurring within the unit but also
the flows into and out of the unit and adjacent units.
Furthermore, when we consider each unit independently,
we cannot assess the cumulative effects of management
actions on individual units at a scale of the larger svstem.
An ecosystem approuach takes into account the effect of
management activities on a site and on adjacent sites.

Ecosystems also are dynamic: that is, they change
over time. These changes alter physical structure or com-
position and the flow of energy. organisms, and matter. An
ecosystem approach acknowledges that change is a char-
acteristic of the system and that there is not a “balance of
nature” (Botkin 1990).

Initially, ecologists excluded humans from natural
systems (Pickett et al.1997). Today. however, ecologists
recognize that humans and their socioeconomic systems
are a significant component of all ecosystems. Because
physical, ecological, and social components are interde-
pendent. a holistic or ecosystem approach to land-use
decisions enables the equitable evaluation of components
and their interactions (McCormick 1998). (See
Christensen et al.[1996] and McCormick [1998] for
excellent overviews of the components and principles of
ecosystem management.) Traditionally, land-use deci-
sions focused principally on economic factors at the
expense of biophysical and other social and cultural ele-
ments. An ecosystem approach to land-use decisions
acknowledges biophysical and social complexities of
ecosystems and the importance of maintaining those com-
plexities to meet the needs for goods and services used by
humans for the current and future generations
(Christensen et al.1996; McCormick 1998).

An ecosystem, however, is far too complex for
humans to manage as a unit. So, why use an ecosystem
approach to decision making? In practice, ecosystem
management is more a way of thinking to acknowledge
and account for the species diversity as well as physical,
ecological, and social patterns and processes (Yaffee
et al.1996). Grumbine (1994) offers five management
goals to sustain ecological integrity under ecosystem
management (Table 11.1). These goals recognize the
importance of maintaining biodiversity and ecological
processes and incorporating humans and their activities
into the decision making process. When a land-use deci-
sion is contemplated, an ecosystem approach enables us
to assess the effect of development not only on popula-
tions and biotic communities but also on biophysical and
social components and on the flow of energy, species, and
matter in the system. Further, an ecosystem approaCh
enables us to evaluate the effects across ownership and
management boundaries; thus, we are able to inventory
and evaluate cumulative effects on the landscape. For
example, watershed protection is an ecosystem apprOﬂCh
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TABLE 11.1
Ecosystem Management Goals to Sustain Ecological
Integrity

®  Maintain and protect habitat for viable populations of all native
species.

#® Represent, within protected areas, all native ecosystem (ypes across
their natural range of variability.

® Maintain evolutionary and ecological processes (i.e.. disturbance
regimes, hydrological processes, nutrient cycles, species migrations).

® Manage over periods of time sufficient to maintain the evolutionary
potential of species and ecosystems.

& Allow for human use and occupancy at levels that do not result in
ecological degradation.

Source: Grumbine (1994),

to planning. By working within the boundaries of a water-
shed, which often encompass many political and manage-
rial  jurisdictions, watershed managers measure
hydrologic inputs and outputs and assess, individually and
collectively, how existing and proposed land uses affect
water quality and quantity.

11.3 WHY LANDSCAPES?

To evaluate the effect of urbanization on physical, ecolog-
ical, and social patterns and processes, a perspective that
is greater than the ecosystem and encompasses the spatial
interactions among ecosystems is needed (Turner et al.

2001). A landscape scale provides the opportunity to view
the spatial connectedness of ecosystems and assess the
cumulative effects of land-use decisions on physical. eco-
logical, and social components (Dale et al. 2000). A land-
scape, however, connotes different meanings for ditferent
people. To some, a landscape may represent a pastoral
scene or a planted garden. Ecologically, a landscape is a
heterogeneous area composed of a cluster of interacting
ecosystems that are repeated in similar form throughout
(Forman and Godron 1986). For example, an agricultural
landscape is composed of agricultural fields and build-
ings, hedgerows, and woodlots (Figure 11.1). Similarly,
urban landscapes are composed of streets, buildings, and
managed greenspaces. Regardless of how a landscape is
defined, every landscape has three components: structure,
function, and change (Forman and Godron [986).
Structure refers to the types of structural elements that
you see on the landscape and their spatial arrangement.
Function refers to the flow of energy, materials, and
organisms within and through ecosystems. Change refers
to modification of structural and flow attributes over time.
Development causes change, and a landscape perspective
enables managers and planners to ascertain not only the
potential effects of urbanization on an ecosystem but also
the effects on adjacent ecosystems (Turner 1989). A land-
scape perspective also accounts for the collective incre-
mental changes by humans and provides the ability to
assess their cumulative effects on the ecosystems com-
prising that landscape (Farina 2000).

FIGURE 11.1  Aerial photograph of
an agricultural landscape depicting
different patch types — remnant for-
est, hedgerow, tield, building, and
transportation.
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So, how do we link ecosystem management and a
landscape perspective with the issue of changing fand use?
Looking at an aerial photograph of an agricultural land-
scape, for example. we can identify different structural ele-
ments based on their morphology: agricultural fields and
buildings. forests. and hedgerows (Figure [[.1). These
homogeneous areas represent structural units called
patches, and collectively these patches form the landscape
mosaic (Forman and Godron 19863, A patch can also be
defined by its functional attributes such as how it is used
by a species or its role in an ecosystem process. For exam-
ple. a riparian patch is characterized structurally as vegeta-
tion along streams and functionally as a zone for removing
nitrogen. By viewing a landscape as a mosaic of structural
and functional patches, we can define how energy, species,
and materials are distributed and flow across a landscape.
In addition, characterizing the landscape by structural units
enables us to assess how the landscape changes spatially
and temporally. Subsequently, we can ask how the pro-
posed development plan affects spatial distribution and
flow within and among patches. Further, by conducting
“what if”” scenarios, we can assess future losses of patches
to development and the effect on the ecological integrity of
the landscape (Forman and Collinge 1996: White et al.
1997). An example would be a new road: a transportation
patch. A road fragments a habitat, which creates new edges
and disrupts migration patterns; increases storm runoff,
which alters stream biota and stability: and serves as a
conduit for invasive species, which alter habitat structure.
Without a landscape perspective, these cumulative effects
could not be assessed.

The concept of defining a landscape by homogeneous
patches is not foreign to land managers and planners.
Natural resource managers have used terms such as com-
munity and forest types to describe a forest landscape.
Similarly, planners use land use to designate areas with
similar structural and functional attributes. Regardless of
the classification system, each unit is based on structural
or functional attributes that distinguish it from adjacent
units. So, why use the word “patch” rather than some
other common terms? First, the term “patch” simplifies
terminology across ditferent disciplines; second, the eco-
logical concept of patch dynamics allows one to move
from one spatial or temporal scale to another; and third, it
is applicable to physical, ecological, and social compo-
nents of the ecosystem (Farina 2000; Pickett et al. 2001).

11.3.1 Scate

Like forest-type delineation, patch delineation is scale
dependent. Scale refers to the spatial and temporal dimen-
sions of an object or process being studied or managed
(Forman 1995). Scale contains two components: grain, the
finest resolution of the data being collected or mapped; and
extent, the areal size of the management site or the dura-

tion of the proposed action (Turner et al. 2001). An exam-
ple of grain is from land cover. An area may be defined
rather coarsely as forest or more finely as evergreen or
deciduous or even more finely as a sugar maple forest type.
Grain resolution (patch delineation) depends on the pro-
posed objectives. For example. patch delineation of a bear
habitat would be different from delineation of a butterfly
habitat. Examples of extent are the forest being managed
and the watershed where a proposed development might
occur. Unfortunately, an array of scales is needed to define
the complexities of ecosystem processes (Turner et al.
2001), and the manager/planner must pick the scale that
best meets his or her objectives. To assess the effects of a
proposed development plan, scale needs to have a resolu-
tion sufficient to capture population and community char-
acteristics of the area and ecosystem processes such as
species migrations, water flow, and disturbance patterns. A
scale commonly used by county planners is land use/cover
(grain) within a watershed (extent).

11.3.2 PatcH CONFIGURATION

Patch size, shape, isolation, orientation, and spatial
arrangement have significant influence on the distribution
and flow of energy, species, and materials in a landscape.
See Forman (1995) for an in-depth discussion of each
attribute. For example, larger patches may have greater
spatial heterogeneity (e.g., structural and environmental
conditions) and support larger populations of species for
longer periods of time than smaller patches (Arnold
19935). Similarly, smaller patches have greater edge to area
ratios and subsequently greater edge etfect than larger
patches. Edge effect, which can be detrimental to interior
dependent species, is the biophysical environment created
at the interface between two patches. This edge effect cre-
ates edge habitat. In a forest patch, edge habitat is drier
because of increased solar radiation and wind, has higher
predation and parasitism rates, and may have greater bio-
diversity than interior habitat (Saunders et al. 1991). The
width of edge habitat is species dependent. For example,
for forest trees, edge habitat is about 30 m (Levenson
1981), but for some birds it may exceed 500 m (Wilcove
et al. 1986), although 100 m seems to be an appropriate
width (Temple 1986). Edge effect may be tempered by
including a buffer between the core habitat needing pro-
tection and the actual edge. One concept used to minimize
edge effect is a multiple-use module (MUM) (Harris
1984: Noss and Harris 1986) (Figure 11.2). The MUM
contains a core of protected area, a zone of low utilization
(e.g., recreation), and a zone of intense utilization (e.g-
agriculture and development). These zones can be estab-
lished through existing zoning regulations and ordinances
at the town, county, and state level. In fact, zoning regula-
tions and ordinances can be developed to minimize frag-
mentation and biodiversity degradation.


































