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Abstract

The cumulative effects problem in natural resource management and land use planning stems from the difficulty of
demonstrating that while each single land use change results in a negligible impact, the accumulation of these individual
changes over time and within a landscape or region may constitute a major impact. This paper details a general approach to
estimate the cumulative effects of land use change on wildlife habitat using Summit County, CO, USA as a case study. Our
approach is based on a functional relationship between effect on habitat and distance from development. Within this
building-effect distance, habitat is assumed to be degraded, producing a disturbance zone. We sum the total area within the
disturbance zone and track how it changes over time and in response to different land use planning actions. This method is
sensitive to both housing density and spatial pattern, so that the relative effects of clustered development can be evaluated.
Two factors are important in understanding how development potentially degrades habitat: alteration of habitat near
buildings and roads and landscape fragmentation. Our results show clustered development reduces the negative impacts on
wildlife habitat. For large building-effect distances, spatial pattern was found to be a stronger indicator of disturbance than
density. Efforts to decrease habitat disturbance by lowering development density should include the regulation of subdivision
pattern in addition to decreasing density. © 1997 Elsevier Science B.V.
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1. Introduction use policy in an attempt to ensure meeting general
public goals such as ‘maintenance of quality of life.”
These plans then guide day-to-day development re-
view and decision making. Making good decisions
singly, however, does not necessarily guarantee that
overall land use goals will be met. This is commonly
known as the cumulative effects problem, or the
‘tyranny of small decisions made singly’ (Kahn,
1966), which results from the difficulty of demon-
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Land use planning decisions are generally made,
especially at the local or county governmental level,
within a framework which recognizes two ap-
proaches to planning: comprehensive or master plan-
ning (long-term); and development review (short-
term). Comprehensive plans provide a consistent land
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sults in a negligible impact, the accumulation of
these individual changes over time and within a
landscape or region may constitute a major impact.
While a formal cumulative impact analysis requires
evaluating indirect and synergistic effects (Stakhiv,
1988), simply accumulating many individual deci-
sions over space and time can provide substantial
insight into the likely cumulative resuits of these
decisions.

Understanding and evaluating the cumulative ef-
fects of land use decisions on wildlife habitat is thus
an important and challenging problem. This paper
details a general approach to estimating the cumula-
tive effects of land use change on wildlife habitat.
Our approach is rooted in the SCoP (A System for
Conservation Planning) project (Hobbs et al., 1997),
which provides planning tools to aid county officials,
citizens, and developers in making informed deci-
sions regarding the potential effects of residential
development on wildlife habitat. SCoP was devel-
oped in response to the rapid population growth rates
that are causing substantial agricultural to residential
land use changes in rural Rocky Mountain counties,
where population increased three times faster than
the rest of the United States from 1990 to 1995 (an
annual rate slightly greater than 3%) (Theobald and
Riebsame, 1995). Even though the proportion of
private land in these counties may be as little as 5%,
private lands contain a disproportionate amount of
high quality wildlife habitat (Knight, 1994). The
resulting residential development causes extensive
changes in land use and cover that constitute the
foremost threat to intact, high quality wildlife habi-
tat. The loss, degradation, and fragmentation of
wildlife habitat resulting from rapid residential de-
velopment and associated infrastructure (roads, utili-
ties, etc.) at the urban /rural, and even rural /wild-
land, interface is a prime example of the cumulative
effects problem.

In this paper, we first identify factors associated
with residential development that contribute to habi-
tat degradation. Next, we examine common develop-
ment patterns and compare clustered and dispersed
subdivisions to illustrate the importance of pattern in
determining impacts. We then introduce the concept
of a disturbance zone, which is a function of both
development density and spatial pattern, and develop
a functional relationship between density, with pat-

tern variations, and area of habitat disturbed. This
hypothetical model is further evaluated and modified
in light of empirical data on building locations and
patterns. Finally, we suggest some implications of
the cumulative impacts of development and the ag-
gregation of development patterns at landscape and
regional scales.

2. Effects of development on wildlife and wildlife
habitat

Development affects wildlife habitat directly and
wildlife indirectly. Native vegetation is often re-
moved during construction of buildings and roads
and as a result of landscaping activities. The struc-
ture of native vegetation is also frequently altered.
For example, trees within 50 meters of a house are
thinned to create a ‘defensible space’ against wildfire
(Colorado State Forest Service, no date). Alteration
of native vegetation may determine what wildlife
species are found in an area. For example, the diver-
sity of native bird species in urban areas has been
found to be-largely dependent on the amount of
native vegetation present {e.g., Mills et al., 1989;
Sears and Anderson, 1991). The amount of fencing
generally increases with development, which tends to
inhibit species movement. While fences that enclose
pets are beneficial, other fences, especially those
around the property perimeter and of chain-link con-
struction, inhibit the movement of many mammal
species.

Development may affect wildlife indirectly
through human activities. Seemingly benign recre-
ational activities such as hiking may cause some
species to alter. their activity and feeding patterns,
which may have nontrivial consequences. Animals
typically take flight, or ‘flush,” in response to a
human presence, incurring energetic costs associated
with heightened metabolic rates (stress) and evasive
movement {Gabrielson and Smith, 1995). For many
species of birds, flushing may result in nest evacua-
tion or abandonment (White and Thurow, 1985;
Hockin et al., 1992) or nest predation. Some wildlife
may exhibit a learned ‘avoidance behavior’ (Whit-
comb et al., 1981) and maintain some distance from
development. Flushing distances can range from 15
to 300 m for elk (Schultz and Bailer, 1978; Cassirer
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et al., 1992), 100 to 300 m for mule deer (Ward et
al., 1980; Freddy et al., 1986), 15 to 45 m for some
waterbirds (Rodgers and Smith, 1995), and 40 to 300
m for grassland raptor species (Holmes et al., 1993).
The distance from disturbance at which an animal
flees depends on the nature of the disturbance, indi-
vidual animal, habitat type, and season. Flushing
distances can be used to establish ‘buffer’ or set-back
distances, a minimum distance at which a species is
unlikely to take flight. One method to calculate the
set-back distances for colonial waterbirds uses the
mean flushing distance, plus one-half the mean, plus
40 m (Rodgers and Smith, 1995).

Smail to mid-sized predators (e.g., cats, dogs)
often exist at high densities in human-dominated
environments because of the variety of structures
that serve as shelter and the abundance of feeding
opportunities (Hoffman and Gottschang, 1977;
Haspel and Calhoon, 1989). These ‘subsidized preda-
tors’ feed on small mammals, amphibians, reptiles,
and songbirds, and can have a substantial impact on
native species {e.g., Churcher and Lawton, 1987,
Coleman and ‘Temple, 1993). These animals may
continue to take wildlife long after the prey base can
no longer sustain a predator that relies on wildlife
alone for food (Soulé et al.; 1988).

Development does not affect all species equally.
Not surprisingly, species with a long history of
coexistence with humans (e.g., house sparrow,
Passer domesticus, and house mouse, Mus muscu-
lus) and those able to take advantage of unique
feeding or nesting opportunities (e.g., raccoon, Pro-
cyon lotor, and house finch, Carpodacus mexicanits)
tend to thrive in developed areas. Other species tend
to be displaced by development, either because their
habitat requirements are not met (Beissinger and
Osborne, 1982), or as a result of increased human
presence and attendant habitat modification (Engels
and Sexton, 1994).

Although species that thrive in human-dominated
environments have been termed ‘generalists,” the
situation is not so simple. The gray fox (Urcoyon
cinereoargenteus), usually considered to be oppor-
tunistic-generalist species, avoid using suitable habi-
tat in areas with housing densities as low as 1 unit
per 13 ha (1 per 33 acres) (Harrison, 1997). Further-
more, even though a species may occupy a particular
developed area frequently, it does not necessarily

follow that the species thrives there. For example,
elk (Cervus elaphus) are commonly found in rural
residential areas adjacent to wildlife refuges (e.g.,
Estes Park, CO) because of prohibition of hunting
and the high-nutrient forage available. It is not clear,
however, that these apparent gains counter increased
incidence of disease and increased stress levels. Until
proven otherwise, we presume that habitat similar to
that in which a species evolved best supports the
overall health and vigor of a species.

The impacts of development on wildlife are poorly
documented, and much of the research that has been
done focuses on game species. Thus, we are forced
to extrapolate from relatively short-term (2-3 yrs)
studies on game species in nondeveloped areas. Our
strategy for developing a reasonable approach that
captures the main effects associated with -develop-
ment (and associated human activities) is based on
well established ecological principles, has few data
requirements, can be parameterized for individual
species, and can be refined in light of future re-
search.

3. Development density and pattern

Our approach is based on a functional relationship
between the effect of development on habitat and
distance from the source of disturbance. For exam-
ple, Vogel (1989) found that deer avoided developed
areas, and this avoidance zone extended as far as 1
km. Based on the premise that the magnitude of
human-related effects decreases with distance from
the source of disturbance, we assume that within
some distance of a housing unit {e.g., 50—-500 m) the
habitat value is degraded. This Duilding effect is the
distance within which wildlife habitat is adversely
affected. It is similar to the edge effect concept,
where changes in the environmental conditions at the
paich edge reduce the effective area for patch-inter-
ior species (Paton, 1994). This results in a distur-
bance zone with a radius equal to the assumed
building-effect distance. A disturbance zone is also
associated with roads as they also cause fragmenta-
tion and degrade habitat (e.g., Lyon, 1983). The
disturbance zones associated with housing and roads
are correlated, ie., clustered subdivisions have




