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Biotic and Abiotic Effects
of Human Settilements in the
Wildland=-Urban Interface

AVI BAR-MASSADA, VOLKER C. RADELOFF, AND SUSAN |. STEWART

The wildland-urban interface (WUI) is the area in which human settlements adjoin or intermix with ecosystems. Although research on the
WUI has been focused on wildfire risk to settlements, we argue here that there is a need to quantify the extent of areas in which human
settlements interact with adjoining ecosystems, regardless of their ability to support fire spread. Besides wildfires, human settlements affect
neighboring ecosystems through biotic processes, including exotic species introduction, wildlife subsidization, disease transfer, landcover
conversion, fragmentation, and habitat loss. The effects of WUI settlements on ecosystems are two tiered, starting with habitat modification
and fragmentation and progressing to various diffusion processes in which direct and indirect effects of anthropogenic activities spread into
neighboring ecosystems at varying scales. New scientific, management, and policy tools are needed in order to better understand the WUI as a

unique social-ecological zone and to mitigate negative consequences of its continued growth.
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ince the early days of human civilization, settlement

has been one of the main footprints of humanity
on Earth’s terrestrial ecosystems. When human settlement
occurs in natural or seminatural landscapes—excluding
agricultural lands—it creates a wildland-urban interface
(WUI). In this WUI, there are numerous interactions
between human and natural processes, and these interac-
tions occur both in the settled area and in the surrounding
natural landscape (Radeloff et al. 2005a). Our goal here is to
provide a synthesis of the patterns and processes of interac-
tions between humans and their environment in the WUI, a
widespread and growing coupled human and natural system
(Liu et al. 2007) that is relatively poorly understood in its
implications beyond wildfire.

There are many definitions of the WUI. Conceptually, the
WUI is the area in which human settlements either abut or
intermingle with natural or seminatural landscapes (Stewart
et al.2007). Accordingly, the WUI has two main components:
the interface and the intermix WUI. The interface WUI is the
area where human settlements (consisting of any number of
houses, irrespective of whether they are urban, suburban,
or rural) abut natural landscapes or wildland vegetation.
These settlements are typically relatively dense and are often
located along the edges of continuous swaths of uncultivated
land (figure 1). The intermix WUI, in contrast, consists of
sparser housing developments located amid the natural

landscape, where each house is surrounded by natural or
seminatural lands (figure 1). In the intermix WUI, there are
no clear boundaries among housing, roads, infrastructure,
and wildlands; rather, it constitutes a zone.

Among all of the processes and interactions of humans
and their environment in the WUI, wildland fire is the
process that comes first to people’s minds. In fact, the term
wildland-urban interface has been used by the US federal
government to define settled areas—and their surrounding
wildland vegetation—that are prone to wildfire risk. The
formal definition of the WUI by the US federal government
is based on wildfire management and identifies WUT areas
as those in which housing above a certain density threshold
is in close proximity to wildland vegetation that can sup-
port wildfire spread (see interpretations by Radeloff et al.
2005a and Theobald and Romme 2007). Given that wildfires
are responsible for numerous deaths and substantial eco-
nomic losses due to the destruction of homes, most WUI
research in the United States and Europe has been focused
on human-wildfire interactions. Therefore, the term has
become associated with the wildfire problem, but we argue
here that the WUI is unique in many other ways and merits
study and targeted management beyond wildfire issues.

Indeed, although wildfire is a key process in many WUI
areas around the world, it is only one process among many,
both abiotic and biotic, that have been altered by human
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Figure 1. Examples of intermix (left) and interface (right) wildland-urban interface areas in central Wisconsin.
Photographs: US National Agricultural Imagery Program.

activities and, in turn, affect human actions. Examining the
WUI primarily in the context of wildfire fails to account
for most of the effects that human settlements in the WUI
impose on their surrounding wildlands, regardless of their
fire regime. Whether fires are frequent—and whether fire
regimes after settlement differ from presettlement regimes—
ecosystems are affected by the WUI, and the area where
human settlement adjoins or is intermingled with natural
landscapes is much larger than the fire WUI that has been
defined and mapped previously (Radeloff et al. 2005a).
Hereafter, therefore, we expand the meaning of the term
WUI to account for all settled areas—regardless of housing
density—that are adjacent to or intermingle with natural or
seminatural landscapes, irrespective of the wildfire context.

Therefore, our central argument here is that there is
a need to quantify the extent of all areas where human
settlements interact with natural and seminatural land-
scapes, regardless of their ability to support fire spread;
to understand how ecosystem patterns and processes are
altered in the WUT; and to adapt conservation and natural
resource management to the unique setting that the WUI
presents. To support this thesis, we briefly review and syn-
thesize the current literature dealing with biotic and abiotic
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interactions among human settlements, human activities,
and the surrounding landscape, natural or seminatural, in
and near the WUL Our synthesis combines studies from
distinct disciplines, including landscape ecology, conserva-
tion biology, animal behavior, plant ecology, and environ-
mental science. Some of the processes that we review below
have been extensively studied but not explicitly in the
context of the WUI, and we include them here because of
their relevance to the WUI context. The biotic interactions
that we discuss include exotic species introduction and
spread, wildlife subsidization, disease transfer, landcover
conversion, fragmentation, and habitat loss, and the abiotic
interactions that we discuss are wildfire ignition and spread
(figure 2). Given that the WUT is inherently a spatial phe-
nomenon, we conclude with a short section about mapping
and quantifying the WUI and discuss the shortcomings
and difficulties of mapping, in light of the multiple unique
processes that occur within it.

Biotic invasions in the WUI

Human settlement in the WUT greatly facilitates the intro-
duction of species—both native and exotic plants and, to
lesser extent, animals—into the surrounding landscape.

http://bioscience.oxfordjournals.org

$T0Z ‘8T AInc uo 862|100 WiUeIQ e /610°S[euIno [pJox0'80us19s01g//:diy WoJ) papeojumoq


http://bioscience.oxfordjournals.org/

Wildfires

Habitat loss and *
fragmentation

Figure 2. The biotic and abiotic processes associated with human settlements in

the wildland-urban interface.

Human activity in the WUI facilitates plant introductions
into natural areas by creating edges with higher light avail-
ability (Parendes and Jones 2000), which increases the
propagule pressures from residential gardens (Raloff 2003,
Sullivan et al. 2005, Gavier-Pizarro et al. 2010a), horticultural
landscapes (Reichard and Hamilton 1997, Reichard and
White 2001, Baskin 2002), and the dumping of garden waste
(Batianoff and Franks 1998, Sullivan et al. 2005). Indeed, the
vast majority of woody invasive species in the United States
(82% of 235) were introduced for landscaping (Reichard and
Hamilton 1997). Disturbances along the edge of develop-
ment, which often cause abiotic changes, such as soil erosion
(Rose and Fairweather 1997) and increased light availability
(Parendes and Jones 2000), give competitive advantage to
plant species that are better adapted to these conditions, and
many of these are exotics (Davis 2003). Therefore, human
settlement in the WUI, which is a unique case of habitat
modification by humans, facilitates and supports exotic
plant invasions and the spread of invasive natives through
coupled processes: the formation of new edges, together
with the availability of propagules (Alston and Richardson
2006). Propagules can then be dispersed by either natural
vectors (e.g., wind or frugivorous birds) or anthropogenic
vectors, such as garden waste dumping (Sullivan et al. 2005)
or vehicles.

Although invasions are a major focus of current ecological
research, in relatively few studies has the invasion process
been examined in the WUI, but in those in which it has,
strong associations were found. For example, exotic plant
species richness decreases significantly with the distance
from settlement edge in a small forest surrounded by WUI
areas in the Table Mountain National Park, near Cape Town,
South Africa (Alston and Richardson 2006). Some invasive
species are more abundant closer to the settlement edge
(e.g., Ligustrum sinense and Quercus palustris), and others
are in areas that are more disturbed (e.g., Acacia longifolia
and Pinus spp.). Similar relationships between exotic spe-
cies richness and settlements occur at a local scale in New
Zealand (Sullivan et al. 2005) and Wisconsin (Gavier-Pizarro
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et al. 2010a) and at a regional scale in
the United States (Gavier-Pizarro et al.
2010b). In coastal forests in northern
New Zealand, exotic species richness
decreases significantly with the distance
from the nearest house and increases
significantly when there are more
houses within 250 meters (m) of forests
(Sullivan et al. 2005). Moreover, exotic
species richness in forests is moderately
correlated with their richness in nearby
settlements, and exotic species compo-
sition is similar in forests and their
neighboring settlements. Finally, garden
waste is found in 45% of the forest
samples that are within 250 m of a house,
and these waste dumps contain many
exotic species, which highlights the role of garden waste as
a vector of exotic species spread into natural ecosystems
(Sullivan et al. 2005). The association between houses and
invasive species is robust across larger regions, too. In the
northeastern United States, county-level richness of invasive
exotic plant species was most strongly correlated with the
WUI area, the area of low-density residential developments,
and the increase in housing density from 1940 to 2000
(Gavier-Pizarro et al. 2010b). The WUTI therefore represents
the combination of the two main factors fostering invasive
species: first, relatively high disturbance levels that create
new habitats and, second, high propagule pressure, because
landscaping provides seed sources that are easily dispersed
by birds, wind, or garden waste.

The strong relationship between the WUI and invasive
species spread is particularly fascinating because land-use
legacies may exist, which suggests a lag time between the
onset of invasion and its widespread manifestation, termed
an invasion debt. In Wisconsin, current species richness and
the percentage cover of four exotic species are more closely
correlated with 1938 WUI settlement patterns than with
present-day WUI patterns (Gavier-Pizarro 2009). Therefore,
the distribution of invasive exotic species in the present
landscapes is the outcome of WUI settlement spatial pat-
terns about 70 years earlier, which determined the pat-
tern of invasive species introductions. Such legacies exist
because the spread of exotic species from WUI settlements
into natural areas does not always begin immediately when
exotic species are planted (Reichard and White 2001), either
because of limited dispersal capabilities and low population
growth rates at the onset of invasion or because of prevalent
unsuitable habitat conditions. However, seemingly noninva-
sive exotic plants can become invasive long after their initial
introduction (Reichard and White 2001). The exact mecha-
nism that causes this change is often unknown (Raloff 2003),
but it may be environmental change, evolution, or the intro-
duction of a suitable pollinator or seed disperser (Reichard
and White 2001). For example, three Ficus species in Florida
that have been used for ornamental purposes for decades

Subsidized
wildlife
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and were unable to disperse naturally became highly inva-
sive after the introduction of three exotic species of aganoid
wasps, which are their sole pollinators in their native habitat
(Frank et al. 1997). Therefore, the use of even seemingly
harmless exotic species for gardening in WUI settlements
may pose a risk for invasion, because the invasiveness of
many species is unknown or hard to predict.

The studies described above suggest that to better under-
stand the process of biotic invasions in the WUI (and to aid
the development of management and policy actions that
minimize invasions), further research must address three
questions: (1) What is the spatial extent of invasions in WUI
areas—that is, how far from settlements do invasions occur?
(2) Which specific anthropogenic activities promote biotic
invasions, and can they be reduced? (3) How do land-use
legacies affect the invasion process?

Subsidized wildlife and interactions between
domestic animals and wildlife
The WUI is also an area where processes such as wildlife
behavior, predator—prey interactions, and—ultimately—food
webs are altered by the subsidization of wildlife species. By
subsidized species, we refer to three types of species that
benefit from resource subsidies provided by human settle-
ments: generalist wildlife species (e.g., jackals [Canis aureus],
foxes [Vulpes vulpes]; Bino et al. 2010), synanthropic species
(species associated with human habitats, such as purple
martin [Progne subis]), and domesticated species (e.g., dogs
[Canis familiaris] and cats [Felis catus]; Woods et al. 2003).
Subsidized species are often generalists that can subsist on
anthropogenic resources as well as on natural food sources
(Boarman et al. 2006). The available resources may include
food and water, nesting substrates, and insulation from
predators and unfavorable weather conditions (Boarman
et al. 2006). Subsidized species benefit from alternative food
sources in and near the settlement, the availability of which
limits their dependence on natural food sources. Alternative
food sources can change food web dynamics by decoupling
natural predator-prey interactions (Rodewald et al. 2011)—
for example, when a drop in prey population does not lead to
a drop in the predator population, because of supplemental
food sources. Conversely, when access to anthropogenic food
sources is lost, the survival rates of subsidized predators can
drop sharply, which may eventually lead to the collapse of the
entire population, as was shown in an experimental study of
red foxes in Israel (Bino et al. 2010). In addition to alterna-
tive food sources, species may also have higher fecundity and
increased population sizes in human settlements because of
improved shelter and fewer predators (Boarman et al. 2006).
Prey populations are affected when predation rates
increase because of artificially high densities of subsi-
dized predators. Opportunistic subsidized predators, such
as domestic cats, hunt even when prey populations are well
below the level that can support native predator species,
which leads to local extinctions of native prey species (Ross
et al. 2013). In Great Britain, over a 5-month period, cats
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brought home on average 11.3 prey items (2.26 per month),
and mammals made up 69% of the prey items brought home,
followed by birds (24%) (Woods et al. 2003).

In addition to direct predation, subsidized predators can
affect native prey populations by forming landscapes of fear
(Laundré et al. 2010), in which the risk of predation due to
increased exposure to predators causes behavioral changes
in the prey populations, including altered foraging and
movement patterns. For example, in an agricultural area in
Israel, where subsidized red fox populations flourish, gerbil
(Gerbillus spp.) populations have lower activity levels and
forage efficiency (Shapira et al. 2008). Similarly, the abun-
dance of many rodent and bird species in a protected area
near San Francisco, California, is lower in places frequently
visited by domestic cats (Hawkins et al. 2004).

Another detrimental effect of subsidized domestic preda-
tors is competition with native predators. Artificially high
domesticated predator populations compete with native
predators for a finite amount of prey, which may subse-
quently reduce the populations of native predators. For
example, Indian foxes (Vulpes bengalensis) alter their activ-
ity and foraging behavior in the presence of free-ranging
domestic dogs (Vanak et al. 2009), and red foxes do so where
subsidized golden jackals are present (Scheinin et al. 2006).

Domestic species may also be vectors of disease transmis-
sion to native wildlife populations, particularly where wild-
life from urban and rural territories overlap. For example,
free-ranging domestic dogs living in a rural area near
Sengwa Wildlife Research Area, in Zimbabwe, are ineffi-
cient predators because of their small group size and body
biomass, but they serve as prey for leopards (Panthera par-
dus), lions (Panthera leo), jackals (Canis adustus and Canis
mesomelas), and spotted hyenas (Crocuta crocuta) (Butler
et al. 2004). Because the subsidized canid population suf-
fers high rates of rabies, the dogs’ frequent predation by
wild predators increases the transmission rates of canid
diseases to wildlife species (Butler et al. 2004). Similarly, the
incidence of canine parvovirus (CPV) is significantly higher
among gray foxes (Urocyon cinereoargenteus) living in urban
park areas than for those living in the rural park areas of
Golden Gate National Recreation Area, near San Francisco,
California (Riley et al. 2004), and foxes from rural park areas
that cross into urban park areas are more likely to have CPV
than are those that do not. In contrast, the incidence of feline
calicvirus (FCV) is higher among bobcats (Lynx rufus) living
in rural park areas than among those living in urban areas,
and radio-collar tracking showed that bobcats with FCV
traveled through park areas where domestic cats lived (Riley
et al. 2004). Although the exact mechanics of transmis-
sion between species are not always fully understood, these
examples highlight the risk of disease transmission that WUI
areas pose.

Habitat loss and fragmentation

Habitat loss is the conversion of natural habitats into other
landcover types (e.g., settlements, agriculture), often because
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of human land use but sometimes because of natural pro-
cesses, as well. Landscape fragmentation is the breakup of
an intact, contiguous habitat into smaller fragments (Fahrig
2003). Both habitat loss and fragmentation have strong,
detrimental effects on plant and animal species (Fahrig
2003). Habitat loss reduces the space available for plant and
wildlife species, decreases wildlife population sizes, and can
ultimately lead to extirpations and reduced species rich-
ness. Fragmentation limits the movement of organisms and
materials across landscapes through introduced barriers
of a different landcover type between formerly contigu-
ous areas of the same landcover type (Edwards et al. 2004).
Fragmentation can consequently disassemble metapopula-
tions (Hanski and Ovaskainen 2000), thereby reducing
the ability of plant and wildlife populations to regenerate
after disturbances and demographic perturbations, because
propagules or individuals from neighboring populations can
no longer travel to the perturbed population. Furthermore,
fragmentation greatly increases the amount of edge habitat,
which can increase the susceptibility of remnant vegetation
patches to disturbances and which fosters the introduction
and spread of invasive species (Wiens 1992). In general, the
process of replacing natural ecosystems with settlements
often results in the deterioration of natural landscapes and
in changes in biodiversity (McKinney 2002).

Conversion of natural landscapes into WUI areas by
exurban development is associated with varying degrees
of habitat loss and landscape fragmentation (Radeloff et al.
2005b, Irwin and Bockstael 2007), depending on the spa-
tial configuration of the development and its intensity
(Gonzales-Abraham et al. 2007). The biggest contribution to
fragmentation in the WU, however, is not from the conver-
sion of natural landscapes into housing, which has a limited
spatial extent overall but, rather, from the development
of the road network that accompanies and often precedes
human settlement in WUI areas (Forman and Alexander
1998, Hawbaker et al. 2006).

Interface and intermix developments may be associ-
ated with different levels of habitat loss and fragmentation.
Interface development, in which houses are adjacent to wild-
land vegetation, is typically characterized by more dense
housing than is intermix development, in which houses are
interspersed within a matrix of natural vegetation. As a
general approximation, interface development has a smaller
impact on habitat fragmentation, because it is located at the
edges of natural ecosystems and is typically more concen-
trated. In contrast, intermix development fragments habitat
more, because the houses are located within a matrix of
natural ecosystems. The ecological footprint associated with
each intermix house is therefore larger than that of an inter-
face house, because it is surrounded by natural ecosystems
and requires, on average, a longer access road to connect
with the main road network.

When considering the effects of human settlement on
landscape fragmentation, it is important to recognize both
direct and indirect effects (Theobald et al. 1997). The direct
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effects stem from the conversion of natural habitat into built
environments. Indirect fragmentation effects emerge from
processes associated with human activities in wildlands near
human settlements, such as vegetation thinning or clearing
(to reduce fire risk), hiking (which affects wildlife species in
various ways; Steven et al. 2011), hunting (hunting patterns
are affected by housing patterns; Poudyal et al. 2008), and
waste disposal (e.g., garden refuse, building materials). A
building effect, or disturbance buffer, surrounds each dwell-
ing (Theobald et al. 1997), such that the natural habitat is
degraded even though it is not converted to a built environ-
ment. Houses therefore produce an indirect fragmentation
effect greater than the direct effect imposed by the land-
cover conversion per se. Similarly, road networks are also
characterized by a disturbance buffer, which increases their
effect on the surrounding natural environment (Forman
and Alexander 1998, Hawbaker et al. 2006). Roads can
impede runoff and cause erosion, can be a source of chemi-
cal pollution (dust, heavy metals, nutrients, ozone, lead, and
deicing salts), can promote light and sound pollution, can
cause wildlife mortality, and can hinder faunal movements
(Laurance et al. 2009).

Wildfires

Fires in the WUI pose great threats to human lives and
property (Spyratos et al. 2007). However, WUI settlements
also affect fire regimes. Where these areas constitute a suf-
ficient amount of wildland fuel load, ignitions are likely, and
the adjoining natural areas are at increased risk of wildfires
(Syphard et al. 2007). In other words, WUI settlements raise
the likelihood of wildfires, and wildfires are particularly
threatening to people and properties in the WUI but also
to natural ecosystems when their WUTI-affected fire regimes
differ from historical ones.

Compared with fires that are caused by natural igni-
tions—mostly lightning—anthropogenic fires are more fre-
quent but tend to burn smaller areas, probably because of
earlier detection and suppression, more roads to fragment
vegetation, and less fuel within developed areas. However,
anthropogenic ignitions are less common in places where
it is feasible to allow fires to burn without suppression. In
general, anthropogenic ignitions have a distinctive nonran-
dom spatial pattern: They occur near human infrastructure
and activities, such as roads (Sturtevant and Cleland 2007,
Syphard et al. 2008, Bar Massada et al. 2013) and houses (Bar
Massada et al. 2013), and in areas of intermediate (Syphard
et al. 2008) or higher housing and population densities
(Sturtevant and Cleland 2007, Bar Massada et al. 2013).

Beyond the direct effects of wildfires on landscapes, an
indirect effect of WUI fires is that people frequently modify
the surrounding natural vegetation to reduce wildfire risk.
Fuel treatments are often applied to vegetation adjacent
to human settlements in order to reduce the vegetation’s
flammability and continuity—and, therefore, its potential
to carry wildfire into settlements (Bevers et al. 2004)—and
to improve access for firefighting efforts. Fuel treatments
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include thinning to reduce the density of forest stands,
removing understory vegetation, increasing the base height
of the tree canopies to prevent surface fires from turning into
crown fires, and removing vegetation completely—for exam-
ple, when creating fuel breaks. Treatments to modify the
vegetation may include prescribed fire, mechanical thinning,
mastication, plowing with a bulldozer, applying herbicide,
or a combination of these methods (Reinhardt et al. 2008).
Treatments can extend from tens of meters to kilometers
into the natural vegetation that surrounds WUI settlements
(Schoennagel et al. 2009) and can cause significant changes
in vegetated ecosystems. In the United States, for example,
1.5 million acres of wildland fuels were treated from 2004 to
2008 in and near WUI areas (Fitzsimmons 2009).

In addition to fuel treatments, fire suppression changes
the vegetation near the WUL Fire suppression has the
opposite effect of fuel treatments on vegetation structure.
Through the prevention of fires, more vegetative growth
occurs, and both vegetation density and fuel loads can
reach levels that are outside their historical range of vari-
ability (Minnich 1983, Hessburg and Agee 2003; but see
Keeley et al. 1999 on the limitation of this paradigm in
Mediterranean ecosystems of California). This is particularly
problematic in landscapes that are fire dependent (Hessburg
and Agee 2003). Fire suppression increases vegetative cover
and, therefore, changes habitat characteristics, which, in turn,
may alter species composition. The combination of extreme
weather events with very high fuel loads due to consis-
tent fire suppression can create extreme fire behavior that
increases the risk to humans and wildlife alike (Hessburg
and Agee 2003). Increased ignition frequencies due to grow-
ing human populations can also shorten the fire return
interval below the range of natural variability, and, even in
fire-adapted Mediterranean ecosystems, this can lead to the
extirpation of native species by surpassing their resilience
levels. For example, seeding species that need several years
to mature to produce new seeds or resprouting species that
exploit internal resource reservoirs to regenerate following
fires may not be able to cope with very frequent fires. When
this occurs, the result is a type conversion of the chaparral
ecosystem into grasslands dominated by invasive species
(Lippitt et al. 2012).

Mapping the WUI

The various processes by which human settlement in the
WUI affects the surrounding natural landscapes pose com-
plex challenges for reducing or mitigating their detrimental
effects. Before any such management can be undertaken, it
is necessary to map the WUI and quantify its spatial distri-
bution at different scales, from local to global. Most existing
methods for mapping the WUT are based on its fire-centric
definition—that is, where human settlements are located
near wildland fuels that can support wildfire spread and
can, therefore, pose risks to humans (Radeloff et al. 2005a,
Theobald and Romme 2007; see the supplementary materi-
als). However, given the many different processes by which
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human settlements and activities affect surrounding natural
landscapes, single-focus WUI maps, such as those developed
for wildfire management, are not sufficient to identify the
full extent of the WUL There is a need for a more general
mapping approach, one that can account for settlement-
wildland interfaces regardless of the vegetative characteris-
tics of the wildland. A multifocal WUI mapping approach
should encompass the spatial characteristics of the many
biotic and abiotic processes that occur where human settle-
ments are surrounded by wildlands. Unfortunately, inherent
differences among these processes, their spatial characteris-
tics, and their varying importance in different landscapes,
coupled with the lack of sufficient data, make any single
mapping approach incomplete. Alternatively, it may be more
feasible to map each of these processes independently and
then to combine the relevant individual maps into a multi-
focal map that denotes the footprint of any given settlement
and the ecosystem in which it is embedded. Still, our limited
understanding of fundamental ecological processes, such as
the spread of invasive species and subsidized wildlife, make
mapping even a single-focus WUT a challenge, and this
constitutes a research area in which more work needs to be
done. Our ability to map and to subsequently manage the
WUI at scales larger than the local depends on our ability
to increase the scientific understanding of biotic and abiotic
processes through which people affect the natural environ-
ment around them.

Synthesis

Given the multitude of biotic and abiotic processes that
occur in and near the WUIL, at spatial scales from a few
meters to several kilometers, we suggest that it is both mean-
ingful and necessary to treat the WUI as a unique social-
ecological zone. Traditionally, WUT areas have been viewed
as transition zones between urban and wildland ecological
systems. However, between 6% and 9% of the contermi-
nous United States is composed of WUI areas (according
to Theobald and Romme 2007 and Radeloff et al. 2005a,
respectively; see figure 3; for a comparison, only 5% is water).
The spatial extent of this area highlights its importance and
prevalence at both regional and continental scales. Moreover,
the current estimates for WUI areas are based on the con-
strained, fire-centric definition of the WUI, which is based
on housing density above a given threshold coupled with
sufficient prevalence of wildland fuels. A non-fire-centric
WUI definition would incorporate all human settlements,
irrespective of housing density, that co-occur with natural
or seminatural landcover classes, regardless of the presence,
density, and extent of wildland fuels. Such a definition of
WUI would greatly expand the spatial extent of the WUT at
the continental scale, further highlighting its importance as
a unique area type that merits further study.

To treat the WUI as a distinctive social-ecological zone,
we must integrate existing scientific, management, and
policy tools to create new WUI-specific tools tailored to
the unique characteristics of the WUI. The establishment
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Figure 3. Wildland-urban interface (WUI) areas in the United States in 2010. The map is based on the zonal approach of

Radeloff and colleagues (2005a).

of long-term ecological research stations in the WUI would
facilitate ongoing ecological monitoring of WUI habitats
and biotic processes, an important first step toward achiev-
ing these goals. Understanding unique WUI processes,
such as fragmentation and wildfire initiation and spread,
will require methods that can account for socioeconomic
processes that drive WUI settlement patterns in the first
place. Econometric models, spatial models of development,
and fire risk models are promising frameworks for under-
standing the dynamics of WUT areas in the context of fire
(Syphard et al. 2013) and can be extended and applied to
a broader set of WUI-relevant ecological processes, such
as habitat fragmentation and the spread of invasive spe-
cies. For example, Martinuzzi and colleagues (2013) used a
spatially explicit econometric model to predict future loss of
significant habitat and biodiversity in the United States from
an array of land-use factors—among them, urbanization.
However, the complexity of the WUI makes it difficult to
extrapolate findings to broader scales, because specific eco-
logical processes associated with WUI settlements vary with
development type and density and with the characteristics
of the vegetation, topography, and climate. Biotic processes,
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such as invasions and wildlife subsidization, differ accord-
ing to the pool of local species and whether environmental
conditions support additional species or altered food webs.
Similarly, the magnitude of the negative outcomes of habitat
loss and fragmentation depend on the characteristics of
species that are exposed to these processes, and these are
known to vary among regions as well. Therefore, both WUI
mapping approaches and context-specific studies of WUI
processes must account for such differences.

Conclusions

The WUI is the unique social-ecological zone in which
human settlements abut or intermingle with natural or
seminatural ecosystems, and it is a friction area in which
multiple biotic and abiotic processes are affected or even
driven by anthropogenic activities. Combining the processes
that we have discussed, we suggest that the development of
houses in the WUI has a cumulative effect on the surround-
ing natural ecosystem and its wildlife. First, WUI settlement
causes habitat loss, which reduces the area available for wild-
life and abiotic ecosystem processes and fragments habitats,
therefore altering the flow of materials and organisms across
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the landscape and decreasing its resilience to disturbances.
Second, WUI development increases the magnitude of the
human-natural interface and, consequently, promotes dif-
fusion processes, such as the introduction and spread of
invasive species, wildfire ignitions, and pollutants from
settlements and roads into the surrounding landscape. These
processes can have pervasive effects on human lives and
property, as well as on plants, wildlife, and ecosystems.

Worldwide, humans are increasingly building houses in
natural and seminatural ecosystems, and this means that a
further increase can be expected in the coming decades in
the extent of the WUT and in the magnitude of the detri-
mental processes associated with it. Therefore, we need new
scientific, management, and policy tools that can help man-
agers reduce the negative effects of settlement footprints in
order to limit and mitigate the impacts of WUTI settlements
on the Earth’s ecosystems.
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