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LAND-USE CHANGE IN RURAL AMERICA 

Ecological Applications, 15(6), 2005, pp. 1893-1905 
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EFFECTS OF EXURBAN DEVELOPMENT ON BIODIVERSITY: PATTERNS, 
MECHANISMS, AND RESEARCH NEEDS 
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Abstract. Low-density rural home development is the fastest-growing form of land use 
in the United States since 1950. This "exurban" development (-6-25 homes/km2) includes 
urban fringe development (UFD) on the periphery of cities and rural residential development 
(RRD) in rural areas attractive in natural amenities. This paper synthesizes current knowl- 
edge on the effects of UFD and RRD. We present two case studies and examine the patterns 
of biodiversity response and the ecological mechanisms that may underlie these responses. 
We found that many native species have reduced survival and reproduction near homes, 
and native species richness often drops with increased exurban densities. Exotic species, 
some human-adapted native species, and species from early successional stages often in- 
crease with exurban development. These relationships are sometimes nonlinear, with sharp 
thresholds in biodiversity response. These effects may be manifest for several decades 
following exurban development, so that biodiversity is likely still responding to the wave 
of exurban expansion that has occurred since 1950. The location of exurban development 
is often nonrandom relative to biodiversity because both are influenced by biophysical 
factors. Consequently, the effects on biodiversity may be disproportionately large relative 
to the area of exurban development. RRD is more likely than UFD to occur near public 
lands; hence it may have a larger influence on nature reserves and wilderness species. The 
ecological mechanisms that may underlie these responses involve alteration of habitat, 
ecological processes, biotic interactions, and increased human disturbance. Research on the 
patterns and mechanisms of biodiversity remains underdeveloped, and comparative and 
experimental studies are needed. Knowledge resulting from such studies will increase our 
ability to understand, manage, and mitigate negative impacts on biodiversity. 

Key words: biodiversity; biotic interactions; ecological mechanisms; fire; habitatfragmentation; 
landscape management; land cover; land use; rural residential development; urban fringe development; 
weeds. 

INTRODUCTION 

Rural America is undergoing a dramatic transition. 
For the first time in more than a century, more people 
are moving to rural areas than from rural lands (Johnson 
1998). Fleeing the cities, many retirees, entrepreneurs, 
and others are seeking the small-town lifestyles and 
natural amenities of rural landscapes (Rudzitis 1999). 
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This rural in-migration is driving large changes in land 
use. The typical trajectory of land use change across 
the United States prior to 1950 was from wild land and 
resource extraction uses to agriculture and to suburban 
and urban uses. An entirely new land use has become 
prevalent in many parts of the United States since 1950. 
Many people are choosing to live "out of town" on 
small "ranchettes" and in rural subdivisions. Termed 
exurban development, low-density housing (-6-25 
homes/km2) within a landscape dominated by native 
vegetation is now the fastest growing form of land use 
in the United States (Brown et al. 2005). Land long 
used for forestry or ranching is now being converted 
to home sites. The effects of exurban development on 
native species and ecological communities have only 
recently been the topic of ecological studies. 

Since 1950, there has been a five-fold increase in the 
area within the conterminous United States that is oc- 
cupied at exurban densities (Brown et al. 2005). The 
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PLATE 1. Rural residential development in the Greater Yellowstone Ecosystem near Red Lodge, Montana, USA. The 
rural homes are placed near low-elevation riparian forests that are especially important for biodiversity. Photo by A. Hansen. 

exurban land use type currently covers nearly 25% of 
the area of the lower 48 states. The most rapid gains 
were in the eastern deciduous forest, the southwest, the 
western seaboard, the Rocky Mountains, and the upper 
Midwest. 

This exurban development is manifest in two forms. 
Urban fringe development is the expansion of exurban 
densities on the periphery of cities. This urban fringe 
development (UFD) is largely driven by urban dwellers 
seeking more rural lifestyles while still having access 
to urban jobs and services (Ulmann 1954, Healy and 
Short 1987, Raish et al. 1997). Exurban development 
in counties adjacent to metropolitan counties increased 
six fold since 1950 (Brown et al. 2005). Over time, 
these exurban developments often transition to sub- 
urban and urban land uses. 

A second form of exurban development is occurring 
distant from cities. It is focused on rural areas attractive 
in scenery, climate, outdoor recreation and other "nat- 
ural amenities" (Rasker and Hansen 2000). Rural coun- 
ties not adjacent to metropolitan counties increased 
fivefold in exurban area since 1950 (Brown et al. 2005). 
This rural residential development (RRD) is common 
in the rural counties of the Rocky Mountain West, the 
Pacific Northwest, the upper Midwest, and the south- 
eastern United States (Gersh 1996). Rather than being 
randomly distributed, this development is often asso- 
ciated with the borders of national parks and other pub- 
lic lands; rivers, lakes, or coastal areas; areas of mod- 
erate climate and good outdoor recreational opportu- 
nities; and towns and small cities that offer national 
airports, high-speed internet access, and cultural ame- 

nities (Cromartie and Wardwell 1999, McGranahan 
1999, Nelson 1999; see Plate 1). 

The effects of both forms of exurban development 
on wildlife and biodiversity are poorly known. Relative 
to other types of land use, exurban development is 
substantially understudied. Miller and Hobbs (2002) 
found that only 6% of the papers on human landscapes 
published in Conservation Biology dealt with exurban 
and urban places. The majority of these consider the 
general gradient from rural to urban in and around cit- 
ies. While these studies typically do not cleanly sep- 
arate biodiversity in exurban places relative to subur- 
ban and urban places, they do provide a context for 
assessing general trends in biodiversity under land use 
intensification. RRD has been examined in only a few 
recent studies, with most of them being in the Rocky 
Mountain West. 

Understanding the effects of exurban development 
on biodiversity is important to public policy. With a 
quarter of the nation's land area in this land use type, 
policies on exurban development may have a substan- 
tial effect on biodiversity nationwide. The general view 
among conservationists and the public is that exurban 
development alters ecological processes and biodiver- 
sity to a greater extent than forestry and agriculture 
(Marzluff and Ewing 2001). Hence, many initiatives 
have emerged to protect "open space" from exurban 
development through conservation easements and other 
approaches. There is also the view that the effects of 
exurban development are proportional to home density. 
Thus, zoning for lower density housing is often used 
to protect ecological resources. 
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FIG. 1. (a) Change in land use in the urban fringe east of 
Seattle, Washington, USA. (b) Decline in interior forest re- 
sulting from changes in land use. The figure is from Robinson 
et al. (2005). 

Several questions arise. How does exurban devel- 
opment change habitat and landscape patterns from 
those typical of lower intensity land uses? How do 
ecosystem, community, and population-level patterns 
vary as more natural habitats are converted to exurban? 
Are there thresholds in home density and spatial pattern 
where biodiversity is disproportionately affected? 
What ecological mechanisms underlie the response of 
biodiversity to exurban development? Can exurban de- 
velopment on private lands have consequences on ad- 
jacent or distant public lands? How do the effects of 
UFD and RRD compare? 

In this paper, we synthesize current knowledge and 
attempt to answer these questions. We do so by first 
examining UFD and RRD and offer a case study of 
each. We then consider the ecological mechanisms link- 
ing both forms of exurban development to biodiversity. 
Where current research is insufficient to address the 
questions, we offer hypotheses in an effort to stimulate 
future research. 

URBAN FRINGE DEVELOPMENT AND BIODIVERSITY 

Case study: Seattle, Washington 

The city of Seattle, in King County, Washington, lies 
between the Puget Sound and the Cascades Mountains. 
Like many metropolitan counties on the west coast, 
King County has been growing rapidly. The population 
size increased by 44% during 1970-2000 and the num- 
ber of households grew by 72%. In an attempt to control 
sprawl around the city, the county instituted an urban 
growth policy aimed at confining high density devel- 
opment within urban growth boundaries while main- 
taining low-density housing in the surrounding rural 
lands. Robinson et al. (2005) quantified change in land 
use during 1974-1998 in a 474-km2 study area ex- 
tending east from Seattle towards the Cascade Moun- 
tains. The study area was a matrix of forest lands with 
dispersed agricultural, suburban, and urban, land uses. 

The authors found that the primary trajectories of 
change were from wildlands to exurban and from ex- 
urban and agricultural to suburban. The area of exurban 
increased by 193%. Exurban and suburban covered 8% 
of the study area in 1974 and 33% in 1998 (Fig. la). 
The reduction of wildland and agricultural lands rep- 
resents the conversion of 23% of the study area to 
development. These changes fragmented once contig- 
uous forest and reduced interior forest area (>200 m 
from forest edge) by 60% (Fig. lb). This land use 
change was largely driven by single-family housing. 
Despite the effort to concentrate growth within the ur- 
ban growth boundary, 60% of the land committed to 
new residential development was outside urban growth 
boundaries. 

This land conversion on Seattle's fringe changed 
plant, bird, and small mammal diversity. Native forb 
and tree diversity declined with loss of forest (Fig. 2a). 
A similar, but nonsignificant trend, was found for 
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FIG. 2. Changes in biodiversity in response to urban sprawl in the Seattle metropolitan area. (a) Increases in plant species 

richness with increasing forest land cover. (b) Shifting composition of small mammal communities. (c) Correlation of bird 
species richness with amount of forest (upper panel) and age of development (lower panel). Bird data are from Donnelly 
(2002), Donnelly and Marzluff (2004), and Marzluff (in press). 

shrubs. Alternatively, exotic ground cover increased 
significantly with development, especially with the in- 
teraction between age of development and interspersion 
of settled and forested remnants. The trends for plants 
were relatively linear. Small mammal communities 

changed abruptly from primarily native to mixtures of 
natives and exotics as landscapes were converted from 
exurban to suburban or urban (Fig. 2b). Bird species 
richness in combined samples of forest fragments and 
settled areas peaked at levels of settlement found in 
most single-family housing subdivisions (Fig. 2c). It 
dropped dramatically when development reached a 
threshold of approximately 80% developed, and when 
mature, second growth, coniferous forest cover occu- 
pied the entire 1-km2 landscape (i.e., in relatively large 
forested reserves; Marzluff, in press). The peak in land- 
scapes where forest and settlement are both abundant 
in the landscape occurs primarily because of coloni- 
zation of early successional and deciduous forest spe- 
cies (Marzluff, in press). Native forest birds are pre- 
dictably and linearly lost with increasing urbanization 
(Donnelly 2002, Donnelly and Marzluff 2004). Syn- 
anthropic birds, those ecologically associated with hu- 

mans, predictably colonize landscapes as urban land 
cover increases. Species richness was also related to 
age of development, with bird species richness con- 
tinuing to decrease more than 60 years after develop- 
ment. Average bird species richness dropped from 
about 35 at the time of development to below 15 by 
80 years after development. This drop is accentuated 
by concomitant loss of forest cover with subdivision 
age in the sample, but additional research of similarly 
forested, but variously aged subdivisions confirms a 
general, but less extensive loss of species (Ianni 2004). 
Species diversity declines as subdivisions age because 
of losses in native mature forest birds and native birds 
not typically found in mature forests that colonized the 
openings, grasslands, ponds, and deciduous forest char- 
acteristic of new subdivisions. The loss of bird species 
was not explained by poor reproductive success. Nest 
success remained relatively high in developed study 
plots for all the bird guilds studied, but the numbers 
of active nests were greatly reduced in densely settled 
areas (Donnelly and Marzluff 2004). The authors con- 
cluded that the reduction in richness was primarily due 
to the loss of species dependent upon forest habitats, 
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rather than to increased predation levels. Reduced sur- 
vival of adults and newly fledged birds is a potential 
factor currently being studied. 

General biodiversity responses to land use 
intensification on the urban fringe 

The results above are consistent with the growing 
body of literature finding that the quantity and pattern 
of urban fringe development strongly influence both 
native and nonnative flora and fauna. The responses at 
the community level are a function of species response 
patterns, which are in turn a function of the demo- 
graphic responses of individual organisms (Marzluff 
and Ewing 2001). 

Community patterns.-For many plant and animal 
communities, species richness decreases as housing 
density increases along the rural-urban gradient. The 
literature abounds with examples for arthropods (Mi- 
yashita 1998), insects (Denys and Schmidt 1998), and 
amphibians (Lehtinen et al. 1999) (Fig. 3). Along a 
gradient from wild and undeveloped parks around the 
outskirts of Phoenix, Arizona, to residential sites in the 
city, both richness and abundance of pollinator bees 
(Hymenoptera: Apoidea) decreased markedly (Mc- 
Intyre and Hostetler 2001). Similar results were doc- 
umented in Tucson, Arizona, for native bird guilds, as 
housing density best explained the decrease in species 
richness along the rural-urban gradient (Germaine et 

a1.1998). For native rodents in protected grasslands in 
Boulder, Colorado, the capture rate exhibited a strong 
negative relationship with the percentage of surround- 
ing suburbanization (Bock et al. 2002). 

While native species often decrease in diversity and 
abundance along the rural-urban gradient, the opposite 
is often true for nonnative guilds. In the Tucson study, 
housing density best explained the increase in species 
richness for nonnative birds (Germaine et al. 1998). 
Within plant communities in Ohio, the percentage of 
nonnative species increased along the rural-urban gra- 
dient (Whitney 1985). 

Because of these contrasting biodiversity response 
patterns along the rural-urban gradient, community 
richness sometimes exhibits a non-linear response in 
which richness peaks at intermediate levels of devel- 
opment (McKinney 2002). Avian and butterfly richness 
and diversity were both higher at moderate levels of 
development than in natural reserves in various sites 
in California and Ohio (Blair 1996, 1999). Lizard abun- 
dance, richness, and evenness all peaked at interme- 
diate levels of development in Tucson, Arizona (Ger- 
maine and Wakeling 2001). In shoreline cottage de- 
velopment in central Ontario, moderate levels of de- 
velopment supported the highest levels of small 
mammal diversity (Racey and Euler 1982). 

A recent meta-analysis of avian community response 
patterns to increasing urbanization (Marzluff 2001) 
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confirmed the patterns emerging from the individual 
studies summarized above. He found that richness de- 
creased in 61% and evenness decreased in 56% of the 
studies (Marzluff 2001). Over 90% of the surveyed 
studies documented either an increase in exotic species 
or a decrease in interior habitat nesters with increasing 
settlement. 

An important conclusion from the Seattle case study 
is that the biodiversity response to urbanization may 
continue to intensify for several decades after devel- 

opment (Donnelly 2002, lanni 2004). Thus in the rap- 
idly growing cities of the United States, the full effects 
of recent development are likely not yet fully manifest 
and native biodiversity will continue to erode for de- 
cades to come. 

Species patterns.-The response patterns of individ- 
ual species to the rural-urban gradient are complex and 
account for the variety of responses at the community 
level. Many species decline in abundance with in- 
creased intensity of land use. Of 21 species recorded 
at a nature reserve in Santa Clara County, California, 
only 14 of these species also occurred at a nearby rec- 
reation area, and only three of these species were also 
found at the most urbanized site (Blair 1996). The spe- 
cies found only in the nature reserves were all natives 

including Western Wood-pewee (Contopus sordidulus), 
Hutton's Vireo (Vireo huttoni), and Ash-throated Fly- 
catcher (Myiarchus cinerascens). Other examples of 

species that are negatively correlated with development 
levels come from central Ontario where the masked 
shrew (Sorex cinereus), deer mouse (Peromyscus man- 
iculatus), red-backed vole (Clethrionomys gapperi), 
and woodland jumping mouse (Napeozapus insignis) 
all decreased in abundance with increasing shoreline 

cottage development (Racey and Euler 1981). 
Other species are able to tolerate and even increase 

under higher levels of development (Hoffman and 

Gottschang 1997). Higher densities of nesting Cooper's 
Hawks (Accipiter cooperii) were recorded in urban set- 
tings compared to rural settings in and around Tucson, 
Arizona (Boal and Mannan 1998). Schneider and Wasel 
(2000) found that the density of moose (Alces alces) 
in northern Alberta, Canada, increased near human set- 
tlement. Similarly, Racey and Euler (1982) observed 
increased capture success with increasing development 
level for eastern chipmunk (Tamias striatus), red squir- 
rel (Tamiasciurus hudsonicus), and meadow vole (Mi- 
crotus pennsylvanicus). Several other studies have doc- 
umented a suite of common bird and mammal species 
that increase in abundance along the rural to urban 
gradient. Examples include the House Sparrow (Passer 
domesticus), European Starling (Sturnus vulgaris), 
American Crow (Corvus brachyrhyncos), Brown-head- 
ed Cowbird (Molothrus ater), skunk (Mephitis mephi- 
tus), raccoon (Procyon lotor), and opossum (Didelphis 
virginiana) (Odell and Knight 2001). 

The relationship between species abundance and ur- 
banization is often not linear; many species are most 
abundant at intermediate levels of development, as 
demonstrated' by Blair (1996). Gray foxes (Urocyon 
cinereoargenteus) in several rural communities in New 
Mexico were found to be tolerant of RRD up to a 
threshold of 50-125 homes/km2 (Harrison 1997). A 
similar nonlinear response was also documented for 
abundance of mule deer (Odocoileus spp.) in an ur- 
banizing valley in southwest Montana (Vogel 1989). 
Short-tailed shrews (Blarina brevicauda) were docu- 
mented to peak at intermediate lakeshore cottage de- 
velopment levels in central Ontario (Racey and Euler 
1982). 

The life history attributes of species that avoid or 
expand with urbanization are not well studied. Mc- 
Kinney (2002) suggested that many human-sensitive 
species include large mammals with low reproductive 
rates, birds specializing on natural habitats, and late 
successional plants. Species most abundant in suburbs 
may be edge-adapted generalists able to exploit the 
wider variety of habitat configurations and resources 
available at intermediate levels of development. Spe- 
cies associated with urban areas may be preadapated 
to human structures or able to use human-derived food 
or water supplies (McKinney 2002). However, more 

study is needed to evaluate these hypotheses. 
Demographic patterns.--Patterns of reproduction, 

survival, and dispersal are drivers for species and com- 
munity responses to exurban development, yet rela- 
tively few studies have quantified population vitality 
rates across the development gradient. Marzluff (2001) 
reviewed the literature for results of urbanization on 
avian breeding success. He found that most studies 
dealt with species that were most abundant in cities. 
For these species, breeding success improved with in- 
creased settlement. For other species however, research 
on bird nesting success indicated a negative relation- 
ship with increasing development. The abundance of 
human development was found to be the strongest pre- 
dictor of brood parasitism by brown-headed cowbirds 
and reduced nest success of several species such as 
Yellow Warbler (Dendroica petchia) (Tewksbury et al. 
1998). 

In sum, three general patterns of species abundances 
emerge along the gradient from rural to urban: de- 
creases, increases, and nonlinear responses (McKinney 
2002). Species that decrease in abundance along the 
development gradient are termed "human sensitive" 
(Odell and Knight 2001) or "urban avoiders" (Mc- 
Kinney 2002). Species that increase are termed "hu- 
man adapted" (Odell and Knight 2001) or "urban 
adapted" and "urban exploiters" (McKinney 2002). 
"Suburban adaptables" (Blair 1996) reach peak abun- 
dance at intermediate levels of development. At the 
community level, richness for native species generally 
decreases with increasing development while richness 
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for nonnative species generally increases with increas- 
ing development. As a result, total community diversity 
often peaks at intermediate levels of development, be- 
cause both native and nonnative species are present in 
the community (Marzluff, in press). The life history 
traits of individual species, native and nonnative, likely 
contribute to the variety of responses at the population 
and community levels. 

RURAL RESIDENTIAL DEVELOPMENT 

AND BIODIVERSITY 

Case study: Colorado 

Colorado is representative of much of the new West. 
Growing at three times the nation's average, it was the 
sixth-fastest growing state in the United States in the 
1990s (Knight 1998). Importantly, this population 
growth is occurring on rural landscapes as well as with- 
in urban areas. Indeed, from 1990 to 1998, population 
in rural areas grew faster than in urban areas in over 
60% of the counties in the Rocky Mountain states 
(Theobald 2001, Odell et al. 2003). 

In much of the Mountain West, there are three prin- 
cipal land uses beyond city limits: protected areas, 
ranches, and ranchettes. Maestas et al. (2003) examined 
songbirds, carnivores, and plant communities on these 
three land uses in Larimer County, Colorado. Impor- 
tantly, their data came from sites that were similar in 
elevation, soil type, and plant community type. They 
found that the density of songbirds and carnivores were 
more similar between ranches and protected areas 
(without livestock grazing) than on the ranchettes. The 
songbirds and carnivores that were most abundant on 
the ranchettes included dogs, cats, Black-billed Mag- 
pies, European Starlings, and other human-adapted spe- 
cies. Songbirds and carnivores that occurred on ranches 
and protected areas were uncommon or did not occur 
on land in ranchettes. Importantly, many of these song- 
birds are of conservation concern, whereas the birds 
that did best on ranchettes are common and increasing 
across the West (Maestas et al. 2003). 

The plant communities across these three land uses 
were even more distinct. Native plant species were 
more prevalent and nonnative species were less prev- 
alent on ranches than in either protected areas or ran- 
chettes (Maestas et al. 2002). The greatest number of 
nonnative species was found on the ranchettes, with 
eight of 23 nonnative species being found only on the 
ranchette developments. In addition, percent cover of 
nonnative plants was highest on the ranchettes and pro- 
tected areas and was significantly lower on ranches. 

The effects of RRD are often manifest as a function 
of distance from home site and roads. In Pitkin County, 
Colorado, the biodiversity responses to ranchettes ex- 
tended out as far as 330 m into undeveloped areas, 
although most effects diminished at approximately 100 
m from the homes (Odell and Knight 2001). Human- 
adapted species, such as Brown-headed Cowbirds, 
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FIG. 4. Hypothesized responses of various guilds of spe- 
cies to rural home density. 

Black-billed Magpies (Pica pica), and American Rob- 
ins (Turdus migratorius), all occurred at higher den- 
sities near homes and at lower densities away from 
homes. Similarly, domestic dogs (Canisfamiliaris) and 
house cats (Felis domesticus) were more likely to be 
detected near homes than away from homes, while coy- 
otes (Canis latrans) and red foxes (Vulpes vulpes) 
showed the reverse pattern (Odell and Knight 2001). 

Such findings help elucidate the true ecological costs 
associated with RRD. Rather than simply acknowledg- 
ing that rural residences perforate the landscape, one 
can begin to calculate the magnitude of land affected 
beyond the building site (Theobald et al. 1997). As- 
suming the depth of the house-edge effect is 100 m, 
and including a similar depth of road-effect (Forman 
2000), Odell and Knight (2001) found that approxi- 
mately one-fifth of the land area of the subdivided 
ranches they studied was affected by houses and roads. 

General effects of RRD on biodiversity 

Compared with the urban fringe, development in ru- 
ral areas distant from cities generally involves the low- 
er intensity land uses of exurban home development. 
The Colorado case study suggests that this low-density 
housing can have effects on biodiversity that are more 
extreme than traditional rural land uses such as such 
as protected areas or ranching. The relative impacts of 
RRD on biodiversity compared to other rural land uses 
such as logging, grazing, crop agriculture, and back- 
country recreation, however, are little studied. We can 
speculate that each has unique influences on biodiver- 
sity that are related to the nature of the land use. The 
plowing associated with crop agriculture likely alters 
soil communities to a greater extent than does RRD, 
but has fewer impacts associated with roads or with 
human disturbance. Similarly, logging may more great- 
ly change forest structure and composition and disrupt 
soil layers. There may sometimes also be considerable 
overlap in impacts among these land use types. A study 
in south western Montana found that density of cow- 
birds and parasitism of native bird species were sig- 
nificantly associated with density of homes, area in 
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crops, and livestock densities within 6 km of riparian 
habitats (Hansen et al. 1999). Presumably this results 
because all three of these land use types provide sup- 
plemental foods that attract cowbirds. One way that 
RRD differs from the other rural land uses is its lon- 

gevity. While logging and recovery typically occur in 

cycles, and livestock grazing and crop agriculture often 
have rest rotations, RRD is permanent on the order of 
decades or longer and its effects may intensify over 
this time. 

The effect of land use is a function not only of land 
use type but also its intensity. In the case of RRD, 
home density is likely an important measure of inten- 

sity. A common perception is that homes scattered at 
low densities have little influence on biodiversity, 
while dense subdivisions have a large effect. Again, 
however, little research has examined how impacts on 

biodiversity vary with rural home density and devel- 

opment pattern. 
As is the case with development intensity under 

UFD, we speculate that the relationship with rural home 

density under RRD varies among the different elements 
of biodiversity (Fig. 4). Top carnivores may be reduced 
even at low home densities as the expanding network 
of roads allows increased human access, hunting, and 
human disturbance. This may allow for an expansion 
of native or exotic meso predators and brood parasites. 
Consequently, native species vulnerable to predation 
and nest parasitism may undergo reduced survival and 

reproduction at low to medium densities of homes. 

Weedy plant diversity may increase at low home den- 
sities in association with roads, increase somewhat lin- 

early with home density, then drop at high home den- 
sities as most of the land area is converted to lawns 
and ornamental plants. Suburban adaptables that ben- 
efit from human food sources and habitats may increase 
in proportion to home density. Finally, species richness 
of native species that require native habitats may de- 
cline only at higher home densities as the area of re- 

maining habitat fall below key thresholds. Future re- 
search is needed to test these hypotheses and to identify 
key thresholds. 

The effects of rural home density undoubtedly in- 
teract with the spatial distribution of homes and the 
behaviors of home owners. If homes are clustered, total 
road density is reduced and the ecological effects of 
each home overlap, allowing a larger proportion of the 

landscape to be free of these effects. Consequently, 
local planners often recommend clustered development 
to reduce ecological impacts and to reduce costs of 
government services (Daniels 1999). Also, home own- 
ers may reduce impacts on biodiversity by controlling 
weeds along roads, landscaping with native plant spe- 
cies, confining pets, covering compost, and managing 
livestock, pet foods, trash, and other artificial food 
sources including bird feeders to prevent access to 
wildlife. 

A unique aspect of RRD compared with UFD is that 
rural homes are more likely to be placed in landscapes 
that include public lands with natural habitats and wil- 
derness conditions. Typically, the sites productive for 

agriculture were claimed for private ownership, while 

less-productive mountain and desert settings remained 
under public control (Huston 2005). This has resulted 
in a high level of interspersion among private and pub- 
lic lands (Theobald 2000). An increasing number of 

people are now building homes on the edges of public 
lands for increased access to outdoor recreation, scen- 

ery, and solitude (Knight and Clark 1998). Conse- 

quently, the aura of impacts radiating from each home 

may extend hundreds of meters to kilometers within 
the public land boundary and alter biodiversity within 
this zone. Homes on the periphery of public lands may 
also attract wilderness species such as bears from the 

public lands, leading to increased mortality and de- 
clines in population sizes within the public lands (Mace 
and Waller 2002). 

In the Greater Yellowstone Ecosystem, for example, 
national parks, national forests, and other public lands 
cover the majority (71.6%) of the land area. The private 
lands are largely in river valleys. These private lands 
have a longer growing season, better soils, and higher 
primary productivity than the public lands (Hansen et 
al. 2000). These same attributes make these settings 
attractive for native species. Consequently, the distri- 
bution of rural homes overlaps significantly with hot- 

spots for birds (Hansen et al. 2002). The rural homes, 
livestock, and agriculture near the bird hotspots attract 
nest parasites and predators and result in reduced nest 
success of several native species (Hansen and Rotella 
2002). P. H. Gude, A. J. Hansen, and D. A. Jones (un- 
published manuscript) found that 49% of deciduous 
woodlands (the richest bird habitat in the area) across 
Greater Yellowstone are within 1 km of a home. Hence, 
even in this large, wilderness system, which is domi- 
nated by public lands, the effects of rural homes may 
extend over a substantial portion of key habitats. 

We conclude that like exurban development on the 
urban fringe, exurban expansion in rural landscapes 
may have substantial negative impacts on native bio- 

diversity. Considerable research is needed to better un- 
derstand the effects of rural home density, spatial dis- 
tribution, and homeowner behavior on biodiversity im- 

pacts. A particular concern about exurban development 
in rural areas is that it is more likely to be in close 

proximity to public lands and associated wilderness 
species. 

MECHANISMS LINKING EXURBAN 

DEVELOPMENT AND BIODIVERSITY 

The mechanisms underlying these responses to land 
use are generally less well studied than the patterns 
described above. Case studies provide insights for some 
mechanisms, but adequate comparative study and ex- 
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perimentation is generally not available to allow for 
derivation of general predictive principles. Below we 
describe the suite of factors that have been suggested 
to explain biodiversity responses to exurban and urban 

development. These involve changes in habitats, eco- 

logical processes, interactions among species, and hu- 
man-related disturbance of native species. Our goal is 
to encourage additional research on these mechanisms. 

Beyond improving scientific understanding, knowledge 
of these mechanisms may provide the basis for man- 

agement strategies to reduce the effects of exurban de- 

velopment on biodiversity. 

Habitat alteration 

As human settlement progresses, conversion of na- 
tive habitat to roads, yards, and structures tend to frag- 
ment the landscape (Soule et al. 1998, Marzluff and 

Ewing 2001). Fragmentation influences biodiversity 
through reduction of habitat area, creation of dispersal 
barriers (Trombulak and Frissell 2000, Marzluff and 

Ewing 2001), disruption of nutrient cycling, and in- 
creases in predation, parasitism, and competition (Mar- 
zluff and Ewing 2001). In the Seattle case study, re- 
duction in the area of forest patches was thought to 

explain the loss of forest-dwelling bird species. Iso- 
lation of small canyons in California by subdivisions 
lessened the dispersal capabilities of and resulted in 
decreased species diversity for chaparral-requiring 
birds (Sould et al. 1988). 

In addition to habitat fragmentation, residential de- 

velopment may change microhabitat features. For ex- 

ample, decreasing abundance of native plant cover with 

increasing urbanization was correlated with decreasing 
bee, bird, and lizard species richness in Arizona (Ger- 
maine et al. 1998, Germaine and Wakeling 2001, 
McIntyre and Hostetler 2001). In Illinois, replacement 
of natural sandy patches with grassy patches in a res- 
idential area resulted in decreased snapping turtle (Che- 
lydra serpentina) nesting success (Kolbe and Janzen 
2002). Reduced course woody debris input (Christen- 
sen et al. 1996) tied to exurban development in Wis- 
consin and Michigan lakes reduced growth rates of 

bluegill sunfish (Lepomis macrohirus) but did not sig- 
nificantly affect largemouth bass (Micropterus salmo- 
ides) (Schindler et al. 2000). 

The nonrandom location of land use relative to bio- 

physical gradients and biodiversity may cause the re- 

sulting habitat fragmentation resulting from human set- 

tlement to have disproportionately large effects. We 
described above the concentration of rural residences 
in productive valley bottoms in mountainous land- 
scapes (Riebsame et al. 1996, Theobald et al. 1996, 
Sould et al. 1998, Hansen et al. 2002, Seabloom et al. 
2002). Other favored settings for RRD include lake- 
shores in the upper Midwest (Beale and Johnson 1998), 
coastal areas (Seabloom et al. 2002), and wetlands in 
the coastal states (Brady and Flather 1994). Because 

both humans and native species tend to concentrate in 
such locations (Hansen et al. 2002, Seabloom et al. 
2002), the impacts of exurban development may be 
focused on the most critical habitats (see also Huston 
2005). 

Alteration of ecological processes 

Less visible than habitat destruction, ecological pro- 
cesses such as disturbance regimes may be altered by 
exurban development and in turn influence habitats and 
biotic assemblages. In many parts of the arid west, 
humans have excluded fires from urbanizing land- 

scapes to protect human property and lives. In 
Oklahoma, for example, such fire exclusion has led to 
increased juniper (Juniperus spp.) encroachment in 
suburban and rural habitats since 1950, as human pop- 
ulation density increased (Coppedge et al. 2001). Cor- 
related with the increase in juniper, the passerine com- 

munity has also been altered. American Robin and 
Eastern Bluebird (Sialia sialis) abundance showed a 
unimodal trend with highest abundance at intermediate 
levels of juniper encroachment. Three species of po- 
tential juniper-feeders, Cedar Waxwing (Bombycilla 
cedrorum), Ruby-crowned Kinglet (Regulus celendu- 
la), and Yellow-rumped Warbler (Dendroica coronata), 
increased with juniper encroachment levels. Four spe- 
cies, Song Sparrow (Melospiza melodia), White- 
crowned Sparrow (Zonotricha querula), House Spar- 
row, and American Goldfinch (Carduelis tristis), de- 
clined with increased levels of juniper encroachment. 
In other urbanizing environments, in contrast, in- 
creased human ignitions have accelerated fire frequen- 
cy and decreased later seral habitats (Keeley 2002). 

Flood regimes may also be altered with urbanization 
with consequences for riparian communities. For ex- 

ample, plains cottonwood (Populus deltoides) estab- 
lishment on the floodplain and terrace of Boulder Creek 
in Boulder, Colorado declined from 1937 to 1992 as 
stream diversion, straightening, stabilization, and 

clearing led to decreased channel movement, decreased 

peak flow and a decreased flooding frequency in the 

floodplain. Concurrently, species less tolerant to flood- 

ing events-including the exotics crack willow (Salix 
rubens) and Russian-olive (Elaeagnus angustifolia)- 
have encroached upon the.floodplain (Auble et al. 
1997). 

Changes to nutrient cycles are also likely with con- 
version to exurban land uses. Along an urban-rural 

gradient in New York, nitrogen and phosphorous levels 
in oak forest soils increased with increasing urbani- 
zation (Pouyet et al. 1995). Increased nitrogen avail- 
ability tends to simplify biotic communities and favor 
exotic species (Vitousek et al. 1997). Nutrient effects 
may be particularly manifest in aquatic systems. Nat- 
ural-amenity exurban development around four Wis- 
consin lakes has affected water quality and altered di- 
atom communities (Garrison and Wakeman 2000). As 
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once-seasonal homes along these lakeshores were con- 
verted to year-long use, the amount of impervious sur- 
face increased and consequently run-off and sediment 
load to the lakes also increased. Increased levels of 

phosphorous, iron, and aluminum were tied to a shift 
from benthic to mainly planktonic diatoms and an in- 
crease in diatom taxa indicative of eutrophic condi- 
tions. Water quality in the higher alkalinity lakes 
showed improvement as construction slowed, but the 
lower alkalinity lakes appeared to be more sensitive to 
shoreline development, and water quality did not im- 

prove in these lower alkalinity lakes. 

Alteration of biotic interactions 

As human settlement alters species distributions, in- 
teractions among species may be changed with con- 
sequences for species viability and ecosystem function 
(Daszak et al. 2000, Marzluff 2001). Best studied 

among these changes in biotic interactions are preda- 
tor-prey relationships. As illustrated by the Colorado 
case study, both native and nonnative predators may 
become abundant near human development and inflict 

heavy prey heavily upon other native species. Simi- 

larly, Wilcove (1985) found that suburban woodlots in 

Maryland experienced significantly higher rates of nest 

predation than did rural woodlots, likely as a result of 

higher densities of nest predators such as the Blue Jay 
(Cyanocitta cristata), Common Grackle (Quiscalus 
quiscula), gray squirrel (Sciurus carolinensis), and rac- 
coon. Some predators may become abundant near hu- 
man dwellings due to human subsidized food supplies 
(Marzluff 2001). This may also result from the loss of 

large carnivores that are intolerant to urbanizing land- 

scapes, and the consequential release of mesopredators 
that are tolerant to human influences (Soule et al. 1988, 
Crooks and Soul6 1999). Herbivores are also released 

by the elimination of large predators in developed ar- 
eas, and the increased herbivory by deer and rabbits 
can have a major effect on plant diversity, both in urban 

parks and the surrounding landscapes. 
Because predator occurrence and tolerance vary geo- 

graphically, biodiversity response to urbanization may 
vary among regions of the United States. As described 
above, native songbird nest success declined in Mon- 
tana as cowbird density in creased with rural home 

density (Tewksbury et al. 1998, Hansen and Rotella 
2002). In contrast, the absence of Brown-headed Cow- 
birds in King County, Washington, may be a factor in 
the lack of nest parasitism in the Seattle case study 
(Donnelly and Marzluff 2004). 

Changes in competitive interactions induced by de- 
velopment are well illustrated by invasive plant inter- 
actions with native species. English Ivy (Hedera helix) 
was introduced as an ornamental plant and kills native 
trees through competition for light (Reichard 2000) in 
much of the continental United States. Similarly, Nor- 
way maple (Acer platanoides), a shade tree introduced 

to eastern deciduous forests, out-competes native ma- 

ples and beeches (Webb et al. 2001). 
Many examples of the spread of infectious diseases 

related to human settlement exist. These can be clas- 
sified as (1) human facilitated dispersal or translocation 
of hosts and parasites, (2) supplemental feeding, and 

(3) disease "spill-over" from domestic to wild popu- 
lations (Daszak et al. 2000). Supplemental feeding of 
white-tailed deer at rural home sites was found to be 

directly related to the maintenance of bovine tuber- 
culosis in Michigan deer populations (Michigan De- 

partment of Natural Resources 1999). Similarly, bird- 
feeders were found to increase the concentration of 
House Finches (Carpdacus mexicanus) and other bird 

species, enhancing the spread of mycoplasmal con- 

junctivitis (Fisher et al. 1997, Nolan et al. 1998). Last, 
many examples of "spill-over" of infectious diseases 
to wildlife involve domestic dogs. Canine distemper 
virus, canine parvovirus, and sarcoptic mange (Sar- 
coptes scabiei) are three pathogens known to have 

spread due to domestic dog-wildlife interactions, and 
are suspected to have caused population declines in the 

endangered gray wolf (Canis lupus) and black-footed 
ferret (Mustela nigripes) (Daszak et al. 2000). 

Human disturbance 

Finally, the presence of humans and their pets around 
home sites can directly influence biodiversity. Human 

presence in yards or on trails near homes may displace 
some species of wildlife. Bald Eagles (Haliaeetus leu- 

cocephalus), for example, may decline in number in 
areas with increasing human recreation (Brown and 
Stevens 1997, Stalmaster and Kaiser 1998). Pronghorn 
antelope (Antilocapra Americana) on Antelope Island 
State Park in Utah retreated further from trails once 

they were opened for recreational use (Fairbanks and 
Tullous 2002). Likewise, elk (Cervus Canadensis) ap- 
proached by humans during calving season, were re- 

peatedly displaced resulting in elevated calf mortality 
(Phillips and Alldredge 2000). 

Pets may also displace, injure, or kill wildlife. Pet 
cats are responsible for the deaths of millions of birds 
in the United States every year, and in Wisconsin alone, 
an estimated 39 million birds per year are lost to do- 
mestic cats (Coleman and Temple 1996). Pet dogs also 
act as predators in many ecosystems. In Florida, pet 
dogs have effected the distribution of the endangered 
key deer (0. virginianus clavium), and are suspected 
to have eliminated them from several islands in the 
Florida Keys. In Colorado, the flushing distance of un- 
gulates to human hikers was increased if a pet dog was 
present (Miller et al. 2001). Because rural pets kill more 
than their suburban and urban counterparts, adverse 
effects on native species are potentially greatest in the 
undisturbed habitat near new rural residential devel- 

opments (Barratt 1998). 
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Another direct consequence of suburban and exurban 
residential growth in the United States has been an 
increase in vehicle miles traveled per person and per 
household, escalating the potential for roadkill. Be- 
tween 1980 and 2000, overall per capita vehicular trav- 
el in the United States increased by 48.7%, of which 
the fastest growing component was "home-based" 
travel, including shopping, recreation, and driving to 
school. Although mortality of animals from collision 
with vehicles is best documented in large mammals, 
few terrestrial species are immune (Trombulak and 
Frissell 2000). Roadkill has affected the demographics 
and migrations of birds, snakes, invertebrates, and am- 
phibians, and is a major cause of mortality for moose, 
lynx (Felis pardina), wolves, and American crocodile 
(Crocodilus acutus) in various regions of the United 
States (Trombulak and Frissell 2000). 

CONCLUSION 

Our major conclusion is that exurban development 
is a pervasive and fast-growing form of land use that 
is substantially understudied by ecologists and has 
large potential to alter biodiversity. Covering about 
25% of the land area of the conterminous United States 
in 2000 (Brown et al. 2005), area in exurban land use 
increased since 1974 at rates in excess of area in urban 
or agricultural land uses. Ecologists have traditionally 
focused research on wild or semi-wild lands (Miller 
and Hobbs 2002). The relatively few studies on exurban 
development are mostly done as contrasts to urban land 
use. Consequently, knowledge of the effects of exurban 
density, spatial configuration, and homeowner behavior 
on biodiversity, and specific mechanisms for response 
is poorly developed. 

The relatively few studies on exurban development 
suggest that its impacts on biodiversity may be sub- 
stantial, both in the immediate vicinity of homes and 
even on adjacent or even distant public lands. These 
impacts are summarized as follows. 

1) Many native species incur reduced survival and 
reproduction near homes and consequently native spe- 
cies richness generally drops with increased exurban 
densities. At the same time, some exotic species and 
some human-adapted native species generally increase 
with intensity of exurban development. 

2) The relationship between these elements of bio- 

diversity and intensity of exurban development are 
sometimes nonlinear, with sharp thresholds were bio- 
diversity changes abruptly with incremental increases 
in exurban intensity. Knowledge of these thresholds is 
important for managing exurban development to 
achieve biodiversity objectives. 

3) These affects may be manifest for several decades 
following exurban development, so that biodiversity is 
likely still responding to the wave of exurban expan- 
sion that has occurred since 1950. 

4) The location of exurban development is often 
nonrandom relative to biodiversity because both are 
influenced by biophysical factors such that they are 
concentrated in more equitable landscape settings. 
Consequently, the effects on biodiversity may be dis- 
proportionately large relative to the area of exurban 
development. 

5) The effects of exurban development on biodi- 
versity likely differ among ecosystem types. Additional 
research is needed to derive generalities on the types 
of ecosystems that are relatively vulnerable to exurban 
development. 

6) An identifiable set of ecological mechanisms link 
exurban development and biodiversity. More research 
is needed on these mechanisms and the resulting 
knowledge can help with understanding, managing, and 
mitigating these impacts. 

7) In addition to local effects, exurban development 
may alter ecological processes and biodiversity on ad- 
jacent and distant public lands. Consequently, exurban 
development in rural areas may have even more im- 
portant impacts than in the urban fringe because of the 
elevated influence on lands dedicated to conservation 
and on wilderness species that are rare in human-dom- 
inated landscapes. 

It is our hope that this review inspires the additional 
research that is needed to better understand and manage 
the impacts of this important type of land use. 

ACKNOWLEDGMENTS 

We thank the NASA Land Cover Land Use Program, the 
EPA Regional Sustainability Programs, and the National Sci- 
ence Foundation (DEB-9875041, BCS-0120024, IGERT- 
0114351) for financial support. Josh Newell drafted Fig. 1. 
Michael Huston, two anonymous reviewers, and editor Mon- 
ica Turner provided helpful comments on the manuscript. 

LITERATURE CITED 

Auble, G. T., M. L. Scott, J. M. Friedman, J. Back, and V. J. 
Lee. 1997. Constraints on establishment of plains cotton- 
wood in an urban riparian preserve. Society of Wetland 
Scientists 17:138-148. 

Barratt, D. G. 1998. Predation by house cats (Felis catus) in 
Canberra II: factors affecting the amount of prey caught 
and estimates of the impact. Wildlife Research 25:475-487. 

Beale, C. L., and K. M. Johnson. 1998. The identification of 
recreational counties in nonmetropolitan areas of the USA. 
Population Research and Policy Review 17:37-53. 

Blair, R. B. 1996. Land use and avian species along an urban 
gradient. Ecological Applications 6:506-519. 

Blair, R. B. 1999. Birds and butterflies along an urban gra- 
dient: surrogate taxa for assessing biodiversity? Ecological 
Applications 9:164-170. 

Boal, C. W., and R. W. Mannan. 1998. Nest-site selection by 
Cooper's Hawks in an urban environment. Journal of Wild- 
life Management 62:864-871. 

Bock, C. E., K. T. Vierling, S. L. Haire, J. D. Boone, and W. 
W. William. 2002. Patterns of rodent abundance on open- 
space grasslands in relation to suburban edges. Conser- 
vation Biology 16:1653-1658. 

Brady, S. J., and C. H. Flather. 1994. Changes in wetlands 
on nonfederal rural land of the conterminous United States 
from 1982 to 1987. Environmental Management 18:693- 
705. 



1904 INVITED FEATURE Ecological Applications 
Vol. 15, No. 6 

Brown, B. T., and L. E. Stevens. 1997. Wintering Bald Eagle 
distribution is inversely correlated with human activity 
along the Colorado River, Arizona. Journal of Raptor Re- 
search 31:7-10. 

Brown, D. G., K. M. Johnson, T. R. Loveland, and D. M. 
Theobald. 2005. Rural land-use trends in the conterminous 
United States, 1950-2000. Ecological Applications 15: 
1851-1863. 

Christensen, D. L., B. R. Herwig, D. E. Schindler, and S. R. 
Carpenter. 1996. Impacts of lakeshore residential devel- 
opment on coarse woody debris in north temperate lakes. 
Ecological Applications 6:1143-1149. 

Coleman, J. S., and S. A. Temple. 1996. On the prowl. Wis- 
consin Natural Resources 20:4-8. 

Coppedge, B. R., D. M. Engle, S. D. Fuhlendorf, R. E. Mas- 
ters, and M. S. Gregory. 2001. Urban sprawl and juniper 
encroachment effects on abundance of wintering passerines 
in Oklahoma. Pages 225-242 in J. M. Marzluff, R. Bow- 
man, and R. Donnelly, editors. Avian ecology and conser- 
vation in an urbanizing world. Kluwer Academic Publish- 
ers, Boston, Massachusetts, USA. 

Cromartie, J. B., and J. M. Wardwell. 1999. Migrants settling 
far and wide in the rural West. Rural Development Per- 
spectives. 14:2-8. 

Crooks, K. R, and M. E. Soule. 1999. Mesopredator release 
and avifaunal extinctions in a fragmented system. Nature 
400:563-566. 

Daniels, T. 1999. When city and country collide: managing 
growth in the metropolitan fringe. Island Press, Washing- 
ton, D.C., USA. 

Daszak, P, A. A. Cunningham, and A. D. Hyatt. 2000. Wild- 
life ecology-emerging infectious diseases of wildlife-- 
threats to biodiversity and human health. Science 287:443- 
449. 

Denys, C., and H. Schmidt. 1998. Insect communities on 
experimental mugwort (Artemesia vulgaris L.) plots along 
an urban gradient. Oecologia 113:269-277. 

Donnelly, R. 2002. Design of habitat reserves and settlements 
for bird conservation in the Seattle metropolitan area. Dis- 
sertation. University of Washington, Seattle, Washington, 
USA. 

Donnelly, R., and J. M. Marzluff. 2004. Importance of re- 
serve size and landscape context to urban bird conserva- 
tion. Conservation Biology 18:733-745. 

Fairbanks, W. S., and R. Tullous. 2002. Distribution of prong- 
horn (Antilocapra americana Ord) on Antelope Island State 
Park, Utah, USA, before and after establishment of rec- 
reational trails. Natural Areas Journal 22:277-282. 

Fischer, J. R., D. E. Stallknecht, M. P. Luttrell, A. A. Dhondt, 
and K. A. Converse. 1997. Mycoplasmal conjuctivistis in 
wild songbirds: the spread of a new contagious disease in 
a mobile host population. Emerging Infectious Disease 3: 
69-72. 

Forman, R. T. T. 2000. Estimate of the area affected ecolog- 
ically by the road system in the United States. Conservation 
Biology 14:31-35. 

Garrison, P. J., and R. S. Wakeman. 2000. Use of paleolim- 
nology to document the effect of shoreland development 
on water quality. Journal of Paleolimnology 24:369-393. 

Germaine, S. S., S. S. Rosenstock, R. E. Schweinsburg, and 
W. S. Richardson. 1998. Relationships among breeding 
birds, habitat, and residential development in greater Tuc- 
son, Arizona. Ecological Applications 8:680-691. 

Germaine, S. S., and B. E Wakeling. 2001. Lizard species 
distributions and habitat occupation along an urban gra- 
dient in Tucson, AZ, U.S.A. Biological Conservation 97: 
229-237. 

Gersh, J. 1996. Subdivide and conquer: concrete, condos, 
and the second conquest of the American West. Amicus 
Journal 18:14-20. 

Hansen, A. J., R. Rasker, B. Maxwell, J. J. Rotella, A. Wright, 
U. Langner, W. Cohen, R. Lawrence, and J. Johnson. 2002. 
Ecology and socioeconomics in the New West: a case study 
from Greater Yellowstone. BioScience 52:151-168. 

Hansen, A. J., and J. J. Rotella. 2002. Biophysical factors, 
land use, and species viability in and around nature re- 
serves. Conservation Biology 16:1112-1122. 

Hansen, A. J., J. J. Rotella, and M. L. Kraska. 1999. Dynamic 
habitat and population analysis: a filtering approach to re- 
solve the biodiversity manager's dilemma. Ecological Ap- 
plications 9:1459-1476. 

Hansen, A. J., J. J. Rotella, M. L. Kraska, and D. Brown. 
2000. Spatial patterns of primary productivity in the Great- 
er Yellowstone Ecosystem. Landscape Ecology 15:505- 
522. 

Harrison, R. L. 1997. A comparison of gray fox ecology 
between residential and undeveloped rural landscapes. 
Journal of Wildlife Management 61:112-122. 

Healy, R. G., and J. L. Short. 1981. The market for rural 
land: trends, issues and policies. Conservation Foundation, 
Washington, D.C., USA. 

Hoffmann, C. O., and J. L. Gottschang. 1997. Numbers, dis- 
tribution, and movements of a raccoon population in a sub- 
urban residential community. Journal of Mammology 58: 
623-636. 

Huston, M. A. 2005. The three phases of land-use change: 
implications for biodiversity. Ecological Applications 15: 
1864-1878. 

lanni, C. 2004. Birds on loan: measuring the extinction debt 
of urbanization. Thesis. University of Washington, Seattle, 
Washington, USA. 

Johnson, K. M. 1998. Renewed population growth in rural 
America. Research in Rural Sociology and Development 
7:23-45. 

Keeley, J. E. 2002. Fire management of California shrubland 
landscapes. Environmental Management 29:395-408. 

Knight, R. L. 1998. A field report from the New West. Pages 
181-200 in C. Meine, editor. Wallace Stegner and the con- 
tinental vision. Island Press, Washington, D.C., USA. 

Knight, R. L., and T. W. Clark. 1998. Boundaries between 
public and private lands: defining obstacles, finding solu- 
tions. Pages 175-191 in R. L. Knight and P. B. Landres, 
editors. Stewardship across boundaries. Island Press, Wash- 
ington, D.C., USA. 

Kolbe, J. J., and E J. Janzen. 2002. Impact of nest-site se- 
lection on nest success and nest temperature in natural and 
disturbed habitats. Ecology 83:269-281. 

Lehtinen, R. M., S. M. Galatowitsch, and J. R. Tester. 1999. 
Consequences of habitat loss and fragmentation for wetland 
amphibian assemblages. Wetlands 9:1-12. 

Mace, R. D., and J. S. Waller. 2002. Population trend of 
grizzly bears in the Swan Mountains, Montana. Conser- 
vation Biology 12:1005-1016. 

Maestas, J. D., R. L. Knight, and W. C. Gilgert. 2002. Cows, 
condos, or neither: what's best for rangeland ecosystems? 
Rangelands 24:36-42. 

Maestas, J. D., R. L. Knight, and W. C. Gilgert. 2003. Bio- 
diversity across a rural land-use gradient. Conservation Bi- 
ology 17:1425-1434. 

Marzluff, J. M. 2001. Worldwide urbanization and its effects 
on birds. Pages 19-48 in J. M. Marzluff, R. Bowman, and 
R. Donnelly, editors. Avian ecology and conservation in 
an urbanizing world. Kluwer Academic Publishers, Boston, 
Massachusetts, USA. 

Marzluff, J. M. In press. Island biogeography for an urban- 
izing world: how extinction and colonization may deter- 
mine biological diversity in human dominated landscapes. 
Urban Ecosystems. 

Marzluff, J. M., and K. Ewing. 2001. Restoration of frag- 
mented landscapes for the conservation of birds: a general 



December 2005 LAND-USE CHANGE IN RURAL AMERICA 1905 

framework and specific recommendations for urbanizing 
landscapes. Restoration Ecology 9:280-292. 

McGranahan, D. A. 1999. Natural amenities drive population 
change. Pages 1-24in Report 781. Food and Rural Eco- 
nomics Division, Economic Research Service, U.S. De- 
partment of Agriculture, Washington, D.C., USA. 

McIntyre, N. E., and M. E. Hostetler. 2001. Effects of urban 
land use on pollinator (Hymenoptera: Apoidea) commu- 
nities in a desert metropolis. Basic and Applied Ecology 
2:209-218. 

McKinney, M. L. 2002. Urbanization, biodiversity, and con- 
servation. BioScience 52:883-890. 

Miller, J. R., J. M. Fraterrigo, N. T. Hobbs, D. M. Theobald, 
and J. A. Wiens. 2001. Urbanization, avian communities, 
and landscape ecology. Pages 117-136 in J. M. Marzluff, 
R. Bowman, R. McGowan, and R. Donnelly, editors. Avian 
ecology in an urbanizing world. Kluwer, Boston, Massa- 
chusetts, USA. 

Miller, J. R., and R. J. Hobbs. 2002. Conservation where 
people live and work. Conservation Biology 16:330-337. 

Miyashita, T., A. Shinaki, and T. Chida. 1998. The effects of 
forest fragmentation on web spider communities in urban 
areas. Biological Conservation 86:357-364. 

Nelson, P. B. 1999. Quality of life, nontraditional income, 
and economic growth: new development opportunities for 
the rural West. Rural Development Perspectives. 14:32-37. 

Nolan, P. M., G. E. Hill, and A. M. Stroehr. 1998. Sex, size, 
and plumage redness predict house finch survival in an 
epidemic. Proceedings of the Royal Society of London, 
Series B, Biological Sciences 256:961-965. 

Odell, E. A., and R. L. Knight. 2001. Songbird and medium- 
sized mammal communities associated with exurban de- 
velopment in Pitkin County, Colorado. Conservation Bi- 
ology 15:1143-1150. 

Odell, E. A., D. M. Theobald, and R. L. Knight. 2003. In- 
corporating ecology into land use planning: the songbirds' 
case for clustered development. Journal of the American 
Planning Association 69:72-82. 

Phillips, G. E., and A. W. Alldredge. 2000. Reproductive 
success of elk following disturbance by humans during 
calving season. Journal of Wildlife Management 64:521- 
530. 

Pouyet, J. L., M. J. McDonnell, and S. T. A. Pickett. 1995. 
Soil characteristics of oak stands along an urban-rural gra- 
dient. Journal of Environmental Quality 24:516-526. 

Racey, G. D., and D. L. Euler. 1982. Small mammal and 
habitat response to shoreline cottage development in central 
Ontario. Canadian Journal of Zoology 60:865-880. 

Raish, C., W. Yong, and J. M. Marzluff. 1997. Contemporary 
human use of southwestern ponderosa pine forests. Pages 
28-42 in D. M. Finch and W. M. Block, editors. Songbird 
ecology in southwestern ponderosa pine forests. General 
technical report RM-292. USDA Forest Service, Fort Col- 
lins, Colorado, USA. 

Rasker, R., and A. J. Hansen. 2000. Natural amenities and 
population growth in the Greater Yellowstone region. Hu- 
man Ecology Review 7:30-40. 

Reichard, S. 2000. Hedera helix. Pages 212-216 in J. M. 
Randall, C. Bossard, and M. C. Hoshovesky, editors. In- 
vasive plants of California wildlands. University of Cali- 
fornia Press, Berkeley, California, USA. 

Riebsame, W. E., H. Gosnell, and D. M. Theobald. 1996. 
Land use and landscape change in the Colorado mountains 

I: theory, scale and pattern. Mountain Research and De- 
velopment 16:395-405. 

Robinson, L., J. P. Newell, and J. M. Marzluff. 2005. Twenty- 
five years of sprawl in the Seattle region: growth manage- 
ment responses and implications for conservation. Land- 
scape and Urban Planning 71:51-72. 

Rudzitis, G. 1999. Amenities increasingly draw people to the 
rural West. Rural Development Perspectives. 14:9-13. 

Schindler, D. E., S. I. Geib, and M. R. Williams. 2000. Pat- 
terns of fish growth along a residential development gra- 
dient in north temperate lakes. Ecosystems 3:229-237. 

Schneider, R. R., and S. Wasel. 2000. The effect of human 
settlement on the density of moose in northern Alberta. 
Journal of Wildlife Management 64:513-520. 

Seabloom, E. W., A. P. Dobson, and D. M. Stoms. 2002. 
Extinction rates under nonrandom patterns of habitat loss. 
Proceedings of the National Academy of Science (USA) 
99:11 229-11 234. 

Soul6, M. E., D. T. Bolger, A. C. Alberts, J. Wright, M. Sorice, 
and S. Hill. 1988. Reconstructed dynamics of rapid ex- 
tinctions of chapparal-requiring birds in urban habitat is- 
lands. Conservation Biology 2:75-92. 

Stalmaster, M. V., and J. L. Kaiser. 1998. Effects of recre- 
ational activity on wintering bald eagles. Wildlife Mono- 
graphs 137:5. 

Tewksbury, J. J., S. J. Hejl, and T. E. Martin. 1998. Breeding 
productivity does not decline with increasing fragmentation 
in a western landscape. Ecology 79:2890-2903. 

Theobald, D. M. 2000. Fragmentation by inholdings and ex- 
urban development. Pages 155-174 in R. L. Knight, E W. 
Smith, S. W. Buskirk, W. H. Romme, and W. L. Baker, 
editors. Forest fragmentation in the southern Rocky Moun- 
tains. University of Colorado Press, Fort Collins, Colorado, 
USA. 

Theobald, D. M. 2001. Land-use dynamics beyond the Amer- 
ican urban fringe. Geographical Review 91:544-564. 

Theobald, D. M., H. Gosnell, and W. E. Riebsame. 1996. 
Land use and landscape change in the Colorado Mountains 
II: a case study of the East River Valley. Mountain Research 
and Development 16:407-418. 

Theobald, D. M., J. R. Miller, and N. T. Hobbs. 1997. Es- 
timating the cumulative effects of development on wildlife 
habitat. Landscape and Urban Planning 39:25-36. 

Trombulak, S. C., and C. A. Frissell. 2000. Review of eco- 
logical effects of roads on terrestrial and aquatic commu- 
nities. Conservation Biology 14:18-30. 

Ullman, E. 1954. Amenities as a factor in regional growth. 
Geographic Review 44:119-132. 

Vitousek, P. M., J. D. Aber, R. H. Howarth, G. E. Likens, P. 
A. Matson, D. W. Schindler, W. H. Schlesinger, and D. G. 
Tilman. 1997. Human alteration of the global nitrogen cy- 
cle: source and consequences. Ecological Applications 7: 
737-750. 

Vogel, W. 0. 1989. Response of deer to density and distri- 
bution of housing in Montana. Wildlife Society Bulletin 
17:406-413. 

Webb, S. L., T. H. Pendergast, and M. E. Dwyer. 2001. Re- 
sponse of native and exotic maple seedling banks to re- 
moval of the exotic, invasive Norway maple (Acer platan- 
oides). Journal of the Torrey Botanical Society 128:141- 
149. 

Whitney, G. G. 1985. A quantitative analysis of the flora and 
plant communities of a representative midwestern U.S. 
town. Urban Ecology 9:143-160. 

Wilcove, D. S. 1985. Nest predation in forest tracts and the 
decline of migratory songbirds. Ecology 66:1211-1214. 


	Article Contents
	p. 1893
	p. 1894
	p. 1895
	p. 1896
	p. 1897
	p. 1898
	p. 1899
	p. 1900
	p. 1901
	p. 1902
	p. 1903
	p. 1904
	p. 1905

	Issue Table of Contents
	Ecological Applications, Vol. 15, No. 6 (Dec., 2005), pp. 1849-2214+i-xi
	Volume Information [pp. 2210-xi]
	Front Matter
	Invited Feature: Land-Use Change in Rural America
	Land-Use Change in Rural America: Rates, Drivers, and Consequences [pp. 1849-1850]
	Rural Land-Use Trends in the Conterminous United States, 1950-2000 [pp. 1851-1863]
	The Three Phases of Land-Use Change: Implications for Biodiversity [pp. 1864-1878]
	Ecological Impacts and Mitigation Strategies for Rural Land Management [pp. 1879-1892]
	Effects of Exurban Development on Biodiversity: Patterns, Mechanisms, and Research Needs [pp. 1893-1905]
	Ecological Support for Rural Land-Use Planning [pp. 1906-1914]

	Ecological Impact of Historical Land-Use Patterns in the Great Plains: A Methodological Assessment [pp. 1915-1928]
	Fates of Eroded Soil Organic Carbon: Mississippi Basin Case Study [pp. 1929-1940]
	Evidence for Micronutrient Limitation of Biological Soil Crusts: Importance to Arid-Lands Restoration [pp. 1941-1951]
	Change in Species Composition with Repeated Shifting Cultivation: Limited Role of Soil Nutrients [pp. 1952-1967]
	Forest Cover-Rainfall Relationships in a Biodiversity Hotspot: The Atlantic Forest of Brazil [pp. 1968-1983]
	Subalpine Forest Carbon Cycling: Short- and Long-Term Influence of Climate and Species [pp. 1984-1999]
	ENSO and PDO Variability Affect Drought-Induced Fire Occurrence in Rocky Mountain Subalpine Forests [pp. 2000-2014]
	Effects of Stand-Level Disturbances on the Spatial Distribution of a Lichen Indicator [pp. 2015-2024]
	Local Factors and Colonist Dispersal Influence Crustacean Zooplankton Recovery from Cultural Acidification [pp. 2025-2036]
	Assessing Recovery Following Environmental Accidents: Environmental Variation, Ecological Assumptions, and Strategies [pp. 2037-2051]
	Straw and Winter Flooding Benefit Mosquitoes and Other Insects in a Rice Agroecosystem [pp. 2052-2059]
	Does Restoration of Structural Heterogeneity in Streams Enhance Fish and Macroinvertebrate Diversity? [pp. 2060-2071]
	Eradication of Invasive Tamarix ramosissima along a Desert Stream Increases Native Fish Density [pp. 2072-2083]
	Expansion of Geographic Range in the Pine Processionary Moth Caused by Increased Winter Temperatures [pp. 2084-2096]
	Fire Increases Invasive Spread of Molinia caerulea Mainly through Changes in Demographic Parameters [pp. 2097-2108]
	Alien Plant Dynamics Following Fire in Mediterranean-Climate California Shrublands [pp. 2109-2125]
	Multivariate Analysis of Scale-Dependent Associations between Bats and Landscape Structure [pp. 2126-2136]
	Duck Nest Survival in the Missouri Coteau of North Dakota: Landscape Effects at Multiple Spatial Scales [pp. 2137-2149]
	An Evaluation of Weather and Disease as Causes of Decline in Two Populations of Boreal Toads [pp. 2150-2160]
	Matrix Model Investigation of Invasive Species Control: Bullfrogs on Vancouver Island [pp. 2161-2170]
	Demographics of an Ornate Box Turtle Population Experiencing Minimal Human-Induced Disturbances [pp. 2171-2179]
	Marine Reserves Exploit Population Structure and Life History in Potentially Improving Fisheries Yields [pp. 2180-2191]
	Biodiversity Considerations in Conservation System Planning: Map-Based Approach for Nova Scotia, Canada [pp. 2192-2208]
	Errata: Conserving Species in a Working Landscape: Land Use with Biological and Economic Objectives [p. 2209]
	Errata: Consequences of Nitrogen Additions for Soil Processes and Solution Losses from Wet Tropical Forests [p. 2209]
	Back Matter [pp. 2214-ii]



