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Landscape Dynamics in  
the Wildland–Urban Interface
Wayne C. Zipperer

Abstract
The wildland–urban interface represents landscape change—changes brought about 
by urbanization, by shifts in forest management, and altered disturbance regimes, 
each having ecological, social, and economic ramifications. In this chapter, I will focus 
on some of the ecological ramifications associated with landscape change, primarily 
forest fragmentation and deforestation, resulting from urbanization. In particular, I 
will review forest fragmentation from a landscape and site perspective; examine the 
ecological aspects of edges, corridors, and roads; and discuss fragmentation in relation 
to human health issues as they pertain to the wildland–urban interface.

Forest Fragmentation
In 1967, MacArthur and Wilson (1967) published their seminal book on island biogeog-
raphy. They proposed that the larger the oceanic island, the greater the species richness. 
Likewise, the closer an oceanic island is to the mainland, the greater the species richness. 
The application of island biogeographic theory to terrestrial systems (a forest fragment 
in a sea of forest management, agriculture or urban lands) has resulted in a plethora of 
research on forest fragmentation including several reviews (Forman, 1995; Laurance and 
Bierregaard, 1997; Lindenmayer and Fischer, 2006; Collinge, 2009).

Forest fragmentation and loss are landscape processes. A review of the fragmentation 
literature, however, reveals a set of terms—such as habitat loss, habitat fragmentation, and 
habitat degradation—also being used to describe forest fragmentation. Following Linden-
mayer and Fischer (2006), habitat refers to a particular set of environmental factors needed 
by a specific species. Thus, for this chapter, habitat fragmentation, loss, and degradation 
refer to the alteration or loss of suitable habitat for a specific species, whereas forest frag-
mentation, loss, and degradation refer to alteration of forest cover at the landscape and site 
level. This distinction is important. A forested landscape contains multiple habitats, and 
the modification of that landscape by human activities can affect the availability and spa-
tial arrangements of those habitats and subsequently the species they contain differentially.

Forman (1995) conceptualized human modification of forested landscapes into five pro-
cesses: perforation, dissection, fragmentation, shrinkage, and attrition (Fig. 2–1). Overall, 
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fragmentation increases the number of patches, 
decreases mean patch size, increases mean patch 
isolation, and increases the ratio of patch edge to 
area (Fahrig, 2003). The actual effect of human 
modification depends on the spatial configura-
tion of the landscape and the type of modifica-
tion. Fahrig (2003) illustrated this point nicely 
by showing five scenarios of landscape modifi-
cations (Fig. 2–2). It is important to distinguish 
among the types of effects because of their 
effects on biodiversity. Some species may be 
affected negatively due to forest and habitat loss 
(e.g., interior species), whereas other species may 
be affected positively because of an increase of 
edge habitat, such as edge species.

In addition to modifying the landscape, what 
is replacing forest cover—forest management, 
agricultural use, or urbanization—is a criti-
cal aspect of the modification. This is particu-
larly important with respect to the ability of an 
organism to move or disperse across the trans-
formed landscape. Specifically, how permeable 
or resistant is the landscape to a species’ move-
ment (Hobbs and Yates, 2003)? Within the wild-
land–urban interface, urbanization brings with 
it an increase in road density and potential for 
increase in fencing and ditching, all of which 
may affect species movement across a landscape 
(see Boundaries and Edges section below). Fur-
ther, with urbanization, there is the addition of 
domestic pets (cats and dogs) (see Lepczyk et al., 
2004) and the introduction of nonnative species 
that alters biodiversity (see Chapter 5, Huebner 
et al., 2012, this volume).

Reported values of forest loss are important 
because they provide insights into how the land-
scape is changing. The values, however, do not 
report what is lost and where and how it occurs 
at the site level. First, the loss of forest cover is 
seldom random, and second, the remaining for-
est cover often occurs on land unsuitable for 
human use such as steep slopes. Consequently, 
the remaining forest cover is seldom represen-
tative of the unmodified forest and may not be 
reflective of previous habitat diversity, forest 
productivity, landscape processes, and biodiver-
sity (Lindenmayer and Fischer, 2006). Although 
our focus has been at the landscape level, modifi-
cation at the site level also has ramifications with 
respect to forest and habitat losses. For the wild-
land–urban interface, acknowledgment of site 
level modification or development is important 
since development is often tucked into existing 
forest cover to hide its presence (see Yaro and 
Hiss, 1996), or forest is cleared around struc-
tures to create a firewise landscaping (see Chap-
ter 16, Mercer and Zipperer, 2012, this volume). 

To identify the effects of site development at the 
site or patch level, Zipperer (1993) identified five 
site modifications that influence edge and inte-
rior habitats (Fig. 2–3). In the wildland–urban 
interface, development often creates internal 
and indentation development patterns because 
of single home development, whereas subur-
ban development often results in cropping and 
removal. Indentation and internal patterns have 
the greatest significant effect on forest interior 
losses (Zipperer, 1993).

Boundaries and Edges
For this chapter, boundary is defined as the 
demarcation between two patch types, and 
an edge representing the biophysical environ-
ment created by the boundary. When we exam-
ine a map of a landscape, we observe a mosaic 
of different patch types, where patches are rep-
resented by an area that is relatively homog-
enous structurally, compositionally, or func-
tionally (Forman, 1995). For terrestrial systems, 
the mosaic, itself, is often anthropogenically 
derived to help us interpret social, ecological, 

Fig. 2–1. Five ways of forest loss and changes in connectivity 
and edge effect in an urbanizing landscape (adapted from 
Lindenmayer and Fischer, 2006).
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and economic patterns and processes of 
an area (Strayer et al., 2003). For instance, 
we map forest and nonforest lands, public 
and private ownerships, different types of 
private ownerships,  and land use or land 
cover to better understand social and eco-
logical patterns. So, the types of boundar-
ies are often determined by the purpose 
or objectives of a study, management plan, 
or some other social, ecological, or eco-
nomic need (Strayer et al., 2003). Nonethe-
less, in landscapes, boundaries exist natu-
rally. For instance, they occur at the inter-
face between land and water, rocky slopes 
and meadows, roots and soil, disturbed 
and undisturbed sites, and among different 
successional stages of a forest (see Belnap 
et al., 2003).

In the wildland–urban interface, we are 
converting forest cover to an urban land 
use, thus creating new boundaries and 
edges. Other boundaries created by human 
activities in the wildland–urban inter-
face include those between managed and 
unmanaged forest lands, mined/excavated 
and unmined sites, agricultural fields and 
neighboring natural areas, and urban and 
nonurban lands. Often naturally occurring 
boundaries are more sinuous than human 
created boundaries, which tend to be more 
linear and sharp (Collinge, 2009). Therefore, 
it becomes important to distinguish the 
types of anthropogenic boundaries from 
each other to distinguish their social, eco-
logical, and economic importance.

For our discussion, we will use the 
Strayer et al. (2003) classification of eco-
logical boundaries to examine boundar-
ies in the wildland–urban interface. Their 
classification is based on origin and main-
tenance, spatial structure, function, and 
temporal dynamics of the boundary. For 
urbanization, origin is anthropogenic and 
exogenous—arising from processes out-
side of the system. Unlike origin, mainte-
nance is less well defined. Initially during 
the construction phase, a sharp bound-
ary may exist between the urban land 
use and adjacent forest. Through time, a 
land owner may maintain the boundary 
between the developed site and forest, 
allow the canopy to close but the under-
story to remain cleared, or allow both the 
canopy and understory to develop and 
thus soften the distinction between the 
developed site and adjacent forest.

Fig. 2–2. Illustration of potential forest loss in an urbanizing 
landscape. Possible effects include changes to number of patches, 
mean patch size, and mean patch isolation. Arrows indicate actual 
changes (adapted from Fahrig, 2003).

Fig. 2–3. Illustration of different deforestation patterns and their 
effects on forest interior and edge at the patch level (adapted from 
Zipperer, 1993).
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Spatially, Strayer et al. (2003) identified 11 
characteristics that describe the spatial struc-
ture of boundaries: grain size (resolution), extent, 
thickness and dimensionality, geometry of adja-
cency, interactive or noninteractive, abruptness/
steepness, patch contrast, integrity, geometric 
shape and convolution, number of attributes, 
and offsets or congruencies of multiple attributes. 
All of these structural attributes are dictated by 
the focus of interest. Grain plays a particularly 
important role in the wildland–urban interface 
because it defines the resolution of analysis. At 
a broad-scale resolution, the canopy may seem 
contagious, with little indication of urban devel-
opment, especially at low housing densities (see 
Riitters et al., 2004). By comparison, at a fine-scale 
resolution, the ecological interactions occurring 
at a site could be assessed. The presence of roads 
and housing becomes more predominant and 
their effects on ecological structure and function 
more discernable. For instance, at the residential 
lot scale, the presences of pets (cats and dogs) 
can be ascertained, and their ecological effects 
on local ground fauna can be assessed (Lepczyk 
et al., 2004). The other aspect of scale is extent, 
which is also defined by the question of inter-
est and represents the landscape of interest. For 
instance, we may be interested in examining the 
effect of the occurrence of developed sites on dif-
ferent avian species. The extent for a wren would 
be quite different from that of a hawk (see Chap-
ter 6, Reed et al., 2012, this volume). So, the types 
of boundaries and their frequency within a land-
scape will be determined by the type of informa-
tion needed.

Another spatial element of a boundary is its 
dimensionality. What is the dimension of the 
boundary? Often, on maps, this dimensional-
ity is represented by a thin line, but actuality 
boundaries are three-dimensional and repre-
sent a zone between contrasting patches, con-
sist of a gradient which is greater than in the 
contrasting patches, and can be narrow or wide 
depending on that gradient (Cadenasso et al., 
2003). For instance, the boundary between a 
developed site and adjacent forest can be quite 
sharp and narrow or soft and transitional, 
depending on its successional state and main-
tenance. Often in urbanizing landscapes, the 
dimensionality of a patch depends of the inten-
sity and magnitude of maintenance.

Dimensionality is also an important element 
of edges, and is often referred to as edge effect 
or zone of influence (Collinge, 2009; Forman et 
al., 1997). Matlack (1993b) defines the edge effect 
as a zone of abiotic, biotic, and social conditions 

that differ from those found in the interior of 
a patch. Examples of altered abiotic conditions 
include temperature, light, and wind regimes; 
humidity levels; and levels of precipitation 
and nutrient deposition (see Lindenmayer and 
Fischer, 2006). Examples of altered biotic condi-
tions include elevated nest predation and para-
sitism, modified dispersal patterns for animals 
and plants, changes in levels of insect activi-
ties and soil organisms, and changes in density, 
reproduction, growth and mortality of plants 
(see Lindenmayer and Fischer, 2006). Examples 
of social differences include vandalism, tram-
pling, and dumping often occurring within 40 
m of the edge (Matlack, 1993a).

Because of the differential responses of spe-
cies to forest edges, species have been classified 
into edge and interior species. Edge species are 
those species that occur or prefer edge habitat, 
whereas interior species are those species that 
occur principally at some distance away from 
the edge. For plant species in temperate forests, 
Ranney et al. (1981) observed an average dis-
tance of 30 m from an edge.

Ries and Sisk (2010) questioned the applicabil-
ity of classifying species as either edge or interior 
for faunal species, especially given the different 
types of spatial, temporal, and functional bound-
aries. Rather than reporting a species’ response 
(positive or negative) to an edge, Ries and Sisk 
(2010) recommended that researchers report on 
the species’ sensitivity to the presence of edges. 
Given the different configurations of edges and 
the variety of species’ sensitivity, it may be more 
beneficial to think of responses along a “sensi-
tivity spectrum” rather than a dichotomy—edge 
loving or edge avoiding. Using a resource-based 
conceptual model, Ries and Sisk (2004) predicted 
species responses (positive, negative, and neu-
tral) based on the quality of resource availability 
between the two patches forming the edge. This 
approach accounts for not only different patch 
configuration and structure of the vegetation 
but also temporal components, such as seasonal-
ity, and has been successfully applied to a num-
ber of faunal species (Ries and Sisk, 2004).

Following forest edges in three different land-
scapes for 30 yr, Laurance et al. (2007) reported 
that edges are acutely sensitive to local environ-
mental factors and the landscape context of the 
vegetation matrix neighboring an edge.  Laurance 
et al. (2007) hypothesized that fragments within 
a landscape will tend to have similar vegetation 
dynamics and trajectories. Subsequently, with 
time, a homogenization of species composition 
occurred in fragments in a landscape, whereas 
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a divergence in species composition occurred 
in fragments in different landscapes. McKinney 
(2002) reported homogenization across urban 
landscapes, resulting primarily from forest loss 
and the introduction of nonnative species (see 
Chapter 5, Huebner et al., 2012, this volume). The 
homogeneity reported by Laurance et al. (2007) is 
different. It is a local phenomenon within a land-
scape rather than across landscapes and may be 
the result of the high diversity of flora species 
in the tropics. Because of the existing vegetation 
matrix (native and nonnative species) and local 
disturbance regime, patterns of convergence for 
forest fragments in the wildland–urban interface 
may vary by biome (i.e., nontropical and tropi-
cal), with regional convergence being observed 
in nontropical fragments and local convergence 
being observed in tropical fragments.

Another aspect of dimensionality is contrast. 
How distinct are adjacent patches (Strayer et al., 
2003)? Ries et al. (2004) identified two primary 
attributes of contrast: differences in mean veg-
etation height and vegetation densities between 
adjacent patches forming the edge. For instance, 
the contrast between grass and forest is sharp 
(a high difference between mean vegetation 
heights). By comparison, the contrast between a 
grassland and a wheat field is less sharp. Nilon 
(1996) examined the influence of contrast of 
land development on bird richness in the Lake 
of the Ozark, Missouri, USA. In this study, they 
surveyed bird species richness for three habitat 
types: wildland (no development), low develop-
ment (low contrast to wildlands), and traditional 
development (high contrast—the forest was 
cleared and the clearing was maintained). They 
found bird species richness, at least, for low den-
sity housing and wildlands did not differ signif-
icantly, but when traditional development was 
compared with wildland, bird richness was less 
in the developed lands, and there was a shift in 
composition. The traditional development had 
more species preferring open habitat than spe-
cies observed in the wildland. Although the low 
density development did not appear to affect 
bird species richness significantly, it may affect 
other wildlife species, especially those sensi-
tive to road density (see below). Responses to 
high and low contrast are species dependent, but 
additional research is needed to evaluate species 
responses (Ries et al., 2004). The other aspect of 
contrast is vegetation density, more specifically 
boundary permeability or integrity in response 
to energy, materials, and species (Strayer et al., 
2003). In fact, Cadenasso et al. (2003) pointed out 
that boundaries occupy a relative small portion 
of the total area of a landscape but are critical 

control points for the flow of energy, material, 
and species. By manipulating vegetation density 
in a forest remnant adjacent to an abandoned 
agricultural field, Cadenasso and Pickett (2001) 
and Weathers et al. (2001) showed differential 
herbivory, seed dispersal, and nutrient depo-
sition into the forest. Again, these examples 
indicate how maintenance of the boundary 
between a developed site and the adjacent for-
est in the wildland–urban interface may govern 
the movement of energy, material, and species 
across the landscape.

Another attribute of boundaries with applica-
tion to the wildland–urban interface is temporal 
dynamics and legacy (Strayer et al., 2003). With 
time, the forest edge of a boundary may become 
less permeable as stem densities increase. Like-
wise, the boundary may shift by removing adja-
cent vegetation to increase the probability of the 
home surviving a wildfire (see Chapter 16, Mer-
cer and Zipperer, 2012, this volume). Laurance et 
al. (2007) recognized that edges are highly variable 
in space and time. Through their long-term study 
of Amazon rain forest, they observed that edges 
were only relatively predictable across spatial 
scales, primarily because of windstorms and the 
proximity and number of neighboring edges (Lau-
rance et al., 2007). In general, fragments neighbor-
ing two or more edges had significantly more tree 
mortality than fragments with just one edge. This 
finding suggested an additive effect—edge effect 
is compounded by multiple nearby edges. Laur-
ance et al. (2007) also observed that tree mortality 
was highest after the creation of an edge, primarily 
because trees were not physiologically adapted to 
the new microenvironments of the edge. This mor-
tality declined with time. A similar observation 
of windthrows and mortality has been observed 
in silvicultural practices in temperate zones, espe-
cially when openings were 2 to 10 times the height 
of the canopy (Somerville, 1980).Thus, in the wild-
land–urban interface, the size of the opening and 
its maintenance may have significant effects on 
tree mortality and edge effect.

Connectivity
In addition to configuration of a forest fragment, 
connectivity can affect species occurrence and 
abundance (Collinge, 2009; Fahrig, 2003). Lin-
denmayer and Fischer (2006) actually identified 
three types of connectivity: habitat, landscape, 
and ecological. Habitat connectedness refers to 
the connectivity between habitat patches for a 
given species. Remember, as discussed earlier, 
habitat refers to the environment suitable for 
a given species. Hence, habitat connectivity is 
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often species specific (Lindenmayer and Fischer, 
2006). By comparison, landscape connected-
ness refers to the connection of vegetation cover 
within a given landscape and is often what is 
perceived by humans on maps, aerial photo-
graphs, and remote images. A high amount of 
landscape connectivity does not always trans-
late into higher levels of habitat connectedness, 
and the effect will vary between species (Lin-
denmayer and Fischer, 2006). Finally, ecological 
connectivity refers to the connectedness of eco-
logical processes, such trophic levels, hydrologic 
flows, and disturbance processes (Lindenmayer 
and Fischer, 2006).

Habitat, landscape, and ecological connec-
tivity are not independent of each other but are 
interrelated. For instance, the loss of habitat con-
nectedness for certain bird species may result in 
changes in seed dispersal, an ecological process. 
Similarly, altering landscape connectivity can 
affect tropic levels and the subsequent move-
ment of energy across a landscape. In fact, isola-
tion, through the loss of landscape connectivity, 
can affect species richness of a forest fragment 
(Collinge, 2009). In general, forest fragments con-
nected by a forest corridor should have larger 
populations and potentially higher species rich-
ness than completely isolated fragments of equal 
size and shape (Collinge, 2009; Fahrig, 2003). 
Landscape context also plays an important role 
in landscape connectivity. Depending on the 
species, movement across different types of agri-
cultural landscape may pose different risks to 
a species (see Gray et al., 2004). Likewise, the 
movement of a species across an urbanizing 
landscape poses different risks to a species than 
moving across an agricultural landscape (see 
discussion below).

To improve landscape connectivity, conserva-
tion strategies often recommend incorporating 
corridors into landscape planning and design. 
Corridors are purported to lower extinction 
rates, reduce demographic stochasticity, stem 
inbreeding depression, and fulfill an inherent 
need for movement (Simberloff et al., 1992). Yet, 
corridors often fail at achieving their manage-
ment objective, primarily because landscape 
connectivity is being managed when habi-
tat connectivity is needed (Lindenmayer and 
Fischer, 2006). Baudrey and Merriam (1988) actu-
ally identified the difference between structural 
connectivity (what is observed on the land-
scape) and functional connectivity (how it is 
being used). Hess and Fischer’s (2001) reviewed 
the corridor literature and identified six ecolog-
ical functions or roles that corridors play: filter, 

barrier, habitat, conduit, source, and sink (Fig. 
2–4). When discussing the function of corridors 
it is important to recognize both biotic and abi-
otic influences. For example, corridors can act as 
filters and barriers (see the discussion below on 
roads and their effects on species), thus limiting 
species movement. For example, riparian frag-
ments can be viewed as corridors that filter out 
nutrients (Schueler, 1995). Corridors often are 
viewed as conduits to aid species movements 
and the spread of diseases and invasive species. 
For examples, vehicles and trailers on roads, 
considered human corridors, were one of the 
primary reasons for the spread of Gypsy moth 
(Lymantria dispar L.) across the eastern United 
States (Sharov et al., 2002). Depending on the 
width, corridors can have a high edge/area ratio, 
creating habitat conditions favoring species 
that prefer edge habitats, thus increasing their 
reproductive success. An example would be 
nest parasitizers. Forman (1995) also discussed 
how roads can act as sources for contaminants. 
Similarly, corridors can act as sinks where spe-
cies mortality exceeds reproduction success or 
places where materials such as nutrients are 
concentrated as in the case of riparian frag-
ments. More research is needed to understand 
the ecological and economic costs and benefits 

Fig. 2–4. Illustration of six different corridor functions as 
how they may affect the movement of an organism and 
material (adapted from Hess and Fischer, 2001).
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of corridors and their function of linking forest 
fragments in an urbanizing landscape.

Roads
Roads are our primary corridors that connect 
our habitats. In 2009, there were approximately 
6.7 million km of roads in the United States 
(USDOT Federal Highway Administration, 2009), 
and this road network has been designed for 
economic efficiency (Riiters and Wickham, 2003). 
Consequently, the travel distance to a road is 
minimized by an extensive road network. In the 
wildland–urban interface, there is an increase 
in road density to facilitate access and devel-
opment. Riitters and Wickham (2003) reported 
that 18% of the total forest area in the contermi-
nous United States is within 127 m of a road, and 
81% is within 1061 m, or about 1 km. Only 1% of 
forest land is more than 5000 m away. In other 
words, very few forests are immune to the effect 
of roads. These effects include habitat loss, traffic 
mortality, resource inaccessibility, and the sub-
division of flora and fauna populations (Jaeger 
et al., 2005).

To assess the effects of roads on ecological 
systems, Forman et al. (1997) suggested three 
indices: road effect or influence zone, road den-
sity, and road location. The influence zone of 
roads depends on what features—abiotic and 
biotic—are being considered (Collinge, 2009) 
(Fig. 2–5). Influences on abiotic factors generally 

range from tens to hundreds of meters and 
can include changes in humidity, temperature, 
water chemistry, and hydrology, and increases 
in dust and sediments from erosion, deposi-
tion of salt and heavy metals such as lead and 
zinc, nitrogen deposition, and site disturbances 
from vandalism, dumping, and fire (Botkin 
and Beveridge, 1997; Forman et al., 1997; Gatz, 
1991; Lovett et al., 2000; Pouyat and McDonnell, 
1991). These changes can alter stream dynam-
ics and chemistry; forest decomposition, regen-
eration, and productivity; nutrient cycling; and 
ambient sound (Coffin, 2007). Influence on biotic 
factors generally range from tens to thousands 
of meters. Effects can include altered flora and 
fauna structure and composition, altered behav-
ior, increased in windthrows and gap formation, 
occurrence of invasive species, and increased 
access by humans for recreational activities 
including hunting (Coffin, 2007; Forman, 1995; 
Laurance et al., 1997; Matlack, 1993a,b). These 
changes can alter the structure and composi-
tion of flora and fauna above and below ground, 
foraging and breeding behaviors, and disper-
sal and migration patterns (see Forman et al., 
1997). Although extensive research has focused 
on many of these effects, additional research is 
needed to understand the effect of road juxtapo-
sition to streams and forest patches in the wild-
land–urban interface.

Road density (kilometers per square kilo-
meter) can have a significant effect on stream 

Fig. 2–5. Zone of influence for a road for abiotic and biotic attributes (adapted from Forman, 1995).
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hydrology and on faunal populations because 
of avoidance, human access, and roadkills (For-
man et al., 1997). A component of road density is 
its drainage network, the connection of culverts, 
ditches, and swales with adjacent streams (Cof-
fin, 2007). As road density increases, its drainage 
network also increases, resulting in correspond-
ing increases in storm runoff into connected 
streams. The resulting increase in stream peak 
flows from storm runoff is an increase in stream 
bank erosion, channel souring, and flooding (for 
more detail, see Chapter 3, Sun and Lockaby, 
2012, this volume; and Paul and Meyer, 2001). 
Jones and Grant (1996) observed a significant 
increase in peak flows as road density increased 
in western Oregon. Alteration of stream banks, 
stream beds, and channel significantly affects 
stream biodiversity (Paul and Meyer, 2001).

From a faunal perspective, Forman et al. 
(1997) identified three mechanisms of how road 
density affects animal populations—road avoid-
ance, human access, and traffic mortality—that 
have implications in the wildland–urban inter-
face. Different species have different sensitivity 
to roads. As road density increases, species may 
alter their movements to avoid areas near roads. 
This avoidance, however, may be more related to 
human activities on those roads than the occur-
rence of the roads, themselves. For instance, 
Thurber et al. (1994) reported that gray wolves in 
Alaska avoid roads with high human activities 
but used closed roads for movement corridors. 
Mech (1989) reported a similar observation for 
wolves in Minnesota. Often a 0.6 km km−2 road 
density is reported as the maximum density for 
wolf survival. Above this density, wolf mortality 
increases. Mech (1989) reported that it was not 
necessarily the road density, but human activi-
ties (e.g., wolves being hit by cars) and increased 
human access (e.g., illegal hunting and trapping) 
that resulted in the higher mortality. Forman and 
Hersperger (1996) reported that a road density of 
0.6 km km−2 appears to be the maximum thresh-
old for other large mammal species, includ-
ing deer, black bear, and elk. It should be noted 
that all of these species are also hunted legally 
or illegally and the observed density effect may 
be more related to greater human access than 
to the density itself. Nonetheless, Jaeger et al. 
(2005) identified three avoidance mechanisms—
car, noise (light and smell), and road surface—
that significantly affect species vulnerability to 
roads. Car avoidance behavior is associated with 
species that cross or use roads but try to avoid 
being hit, such as vultures feeding on carcass of 
species that did not avoid a vehicle. Although 
medium and large mammals are often seen dead 

along roadside, vulnerability to road mortality is 
especially pronounced in amphibians and rep-
tiles. This group of species use roads for breed-
ing habitats, thermoregulation, and often just do 
not avoid roads (Fahrig and Rytwinski, 2009). 
Species with high noise avoidance, such as birds 
(see Reijnen et al., 1996), will avoid noisy roads. 
Thus, the road becomes a barrier to movement, 
thereby limiting access to potential resources 
and breeding habitats. Noises, light, and smells 
are aspects of the zone of influence, as discussed 
by Forman et al. (1997). Similarly, for species 
with high road surface avoidance, such as small 
mammals (see MecGregor et al., 2008), the road 
becomes a barrier, thus limiting movement and 
potentially breeding opportunities. Unlike noise 
avoidance, road width becomes an important ele-
ment of surface avoidance—the wider the road, 
the greater the avoidance (Jaeger et al., 2005). In 
their review, Fahrig and Rytwinski (2009) identi-
fied four primary groups of faunal species that 
are negatively affected by roads:

 · any species that is attracted to roads and 
is unable to avoid individual vehicles (e.g., 
amphibians and reptiles);

 · all species with large movement ranges, low 
reproductive rates, and low natural popula-
tion densities (e.g., mountain lions);

 · smaller mammals who avoid roads and 
suitable habitats near roads (i.e., resource 
inaccessibility);

 · small animals that do not exhibit road avoid-
ance and thus suffer from traffic mortality.
Fahrig and Rytwinski (2009) also identified 

two groups of species that are positively affected 
by roads:

 · species that are attracted to roads for an 
important resource (e.g., food) and are able to 
avoid vehicles (e.g., vultures);

 · species that do not avoid roads because of 
noises, smells, and other disturbances, who 
are able to avoid vehicles and whose main 
predators show a negative response to roads 
(predator release).

Harris and Scheck (1991) reported several 
reasons for increased mortality of species in 
association with roads. Roads can bisect terri-
tories, habitats, or migration routes. Roads can 
increase food sources, be attractive alternatives 
for movement, and create new habitats. These 
findings suggest that the juxtaposition of roads 
within a landscape is an important consider-
ation when designing and placing roads (Cof-
fin, 2007). In fact, Forman et al. (1997) reported 
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that road location can have a significant effect on 
the zone of influence and species mortality. They 
also reported that road location is especially 
problematic when a road cuts through large for-
est patches or when there is a confluence of sev-
eral habitat types. To test the importance of road 
placement and network, Jaeger et al. (2006) mod-
eled different road densities and configurations. 
They observed that “bundling” roads reduced 
effects on wildlife, such as road mortality, and a 
grid network is less harmful than parallel roads 
when considering species with low road avoid-
ance. Surprisingly, the grid network actually 
maintained core habitats better than the parallel 
roads. Further, they recommended that large for-
est patches should be protected from road con-
struction. In the wildland–urban interface, new 
roads often cut into and through forest patches 
to facilitate access and development. The season-
ality of human residence in the wildland–urban 
interface can also have an ecological effect by 
creating periods of low and high activity (see 
Chapter 14, Pickett et al., 2012, this volume). The 
ecological consequences of these actions, as out-
lined, can be significant for numerous species 
and across multiple scales. Pacing these recom-
mendations into a wildland–urban interface con-
text, development should be concentrated in one 
area rather than spread across the landscape. 
The number of roads should be minimized and 
bundled, and if necessary, a grid with larger 
undisturbed patches between roads should be 
used (see Theobald et al., 1997).

Whether species are avoiding roads because 
of human activities, the road itself, or the zone of 
influence (boundary and edge effects), there is a 
need for further research on the effect of roads, 
especially since the average road density in the 
United States is 0.73 km km−2, and development in 
the wildland–urban interface adds to this density.

Infectious Disease
Land use change is a primary driver for infec-
tious disease outbreaks and the risk they pose 
to humans and natural systems (Patz et al., 2004). 
In fact, land use changes, initiated by urbaniza-
tion in the wildland–urban interface, can set the 
stage for an increase in prevalence of diseases 
and pathogens in several ways. The observed 
landscape transformation results in forest and 
habitat loss and degradation, an increase in the 
amount of edge, the creation of novel landscape 
configuration, and the alteration of connectiv-
ity (Collinge, 2009). All these changes affect the 
abundance and richness of not only diseases 
and pathogens but also their vectors and hosts. 

Similarly, land use changes may increase the 
susceptibility of a species to a disease due to 
stresses (limited resource accessibility), reduced 
genetic vigor (isolated breeding populations), 
and increased exposure created by a fragmented 
landscape (Collinge, 2009). In this section, I will 
focus on Lyme disease because of human sus-
ceptibility and its affinity to fragmented land-
scapes. The wildland–urban interface contrib-
utes to land conversions and thus increased 
human exposure through the construction of 
homes in affected areas.

Approximately 20,000 cases of Lyme disease 
are reported annually in humans in the United 
States and result from a bite primarily of the 
blacklegged tick [Ixodes scapularis (Say)] infected 
with the spirochete Borrelia burgdorferi (Diuk-
Wasser et al., 2010). The disease often manifests 
itself as a circular rash, sore joints, and flulike 
symptoms. This disease, if left untreated, can 
be quite debilitating as it elicits an autoim-
mune response. Although infection is possible 
throughout the eastern United States, the dis-
ease is most prevalent in the fragmented forests 
of the Northeast and the upper Midwest (Diuk-
Wasser et al., 2010).

The life cycle of blacklegged tick has three 
life stages—larval, nymphal, and adult—each 
requiring blood meals. Generally, larval and 
nymphal ticks feed on small forest floor ani-
mals such as chipmunks, mice, and birds. 
The adults commonly feed on white-tail deer 
(Odocoileus virginianus), but also will feed on 
small animals. Larval, nymphal, and adult 
ticks will feed on humans.

A tick becomes infected by feeding on a host 
with the spirochete. In a forest fragment, a com-
mon host for the larval and nymphal tick is the 
white-footed mouse (Peromyscus leucopus), which 
often is infected with the spirochete (Ostfeld, 
1997). Field observations showed that the density 
of infected nymphs is inversely related to spe-
cies richness (number of species). In other words, 
when species richness is high, the larval and 
nymphal ticks have greater probability of feed-
ing on noninfected animals. This effect is known 
as the dilution effect—there are more uninfected 
animals for the tick to feed on than infected ani-
mals (Ostfeld and Keesing, 2000). Consequently, 
the disease risk is lower as humans are bitten 
less frequently by an infected tick. By compar-
ison, when the density of white-footed mice 
is high and species richness is low, larval and 
nymphal ticks have a greater probability of feed-
ing on an infected animal. Consequently, the 



26        Zipperer

disease escalates, and humans are bitten more 
frequently by an infected tick.

The high density of infected white-footed mice 
and low species richness is attributed to human-
induced landscape changes. In the smaller forest 
fragments (<2 ha), predation may be suppressed 
and competitors may be absent because of habi-
tat loss and degradation (Collinge, 2009). Under 
these conditions, the white-footed mouse pop-
ulation increases. In fact, the density of white-
footed mice tends to be inversely related to frag-
ment size (Krohne and Hock, 1999). In these 
smaller patches the white-footed mice becomes 
the dominant blood meals for the blacklegged 
tick (Allan et al., 2003). Additional research is 
needed to evaluate how human behavior may 
influence exposure, how different types of devel-
opments may affect white-footed mouse habitat 
(i.e., clumping development vs. dispersing devel-
opment), and how different edge types play a 
role in the spatial heterogeneity of the landscape, 
tick occurrence, and species richness.

Summary
The wildland–urban interface sets up the precur-
sors for major environmental changes because of 
land transformation by humans. Often in for-
ested landscapes, development is the first per-
manent alteration in forest cover. Forest lands are 
fragmented, creating not only increased amount 
of edge but also different types of boundary 
edges that vary in their permeability and depth. 
The wildland–urban interface creates new road 
networks that increase human access and road 
mortality. The zone of influence by roads affects 
not only adjacent ecological systems but also 
those away from the road. Further, the combi-
nation of land use change and landscape legacy 
creates conditions that are favorable for many 
diseases that pose risks to humans, wildlife, for-
ests, and agricultural lands (Patz et al., 2004).

When one considers that the wildland–urban 
interface represents more than 30% of the 
infrastructure in the United States (Radeloff et 
al., 2005), the ecological, economic, and social 
effects are significant. With the projected pop-
ulation growth for the United States, the wild-
land–urban interface will continue to grow and 
exert additional pressures on landscapes that are 
being stressed by a number of human activities, 
including climate change. With proper manage-
ment and land use planning, these effects can 
be minimized. Whether we chose to continue 
on our current path of development or on a path 
that makes better use of our resources remains 
to be determined.
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