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ABSTRACT:  Urbanization – conversion of rural and forested landscapes to housing and associated infrastructure – has 
variable effects on biodiversity with the trend being toward biotic homogenization.  The southern Blue Ridge and upper 
Piedmont are rich in biodiversity and near growing urban centers, providing an opportunity to anticipate future habitat 
conditions for species with different life histories.  We produced 1) a habitat reduction model based on development 
pressure, percent of each species range protected, and ability of a species to resist disturbance, and 2) a threat-analysis 
based on development pressure, habitat suitability, and land management authority. We selected two birds (Eastern 
Towhee, Pipilo erythrophthalmus and Swainson’s Warbler, Limnothlypis swainsonii) and two amphibians (upland chorus 
frog Pseudacris feriarum and shovel-nosed salamander Desmognathus marmoratus) as focal species, each pair including a 
broadly and narrowly distributed species.  Using 2000-2008 census data we projected housing unit growth for 2000-2010 
and estimated development pressure for 2020 and 2030.  Our habitat reduction model showed the broadly distributed 
chorus frog negatively affected by more intense development of lower-elevation habitats (7-20% reduction) and the 
narrowly distributed salamander by loss of higher-elevation riparian area (6-18% reduction).  The narrowly distributed 
warbler showed a greater sensitivity to development pressure (10-30% reduction) than broadly distributed towhee (5-16% 
reduction).  The rural Piedmont faced a greater degree of threat (all species) from projected increases in housing units and 
limited land protection compared to the Blue Ridge, which had more extensive protected lands.  We suggest that habitat-
reduction and threat-analysis models accounting for biological responses of species are helpful developments in predicting 
risk to multiple taxa in urbanizing regions. 
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growth
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INTRODUCTION

Land development is characteristic of a growing economy, 
but often proceeds without considering ecosystem-level 
consequences (Aguayo et al. 2007; Theobald et al. 1997).  
Ecological Impact Assessments often effectively identify the 
local-scale ecological impacts of development and propose 
mitigation strategies, but may provide limited evaluation of 
the broader spatial and temporal impacts to ecosystems 
resulting from development (Lenzen et al. 2003).  While 
many land use change models focus on anthropocentric 
concerns [e.g., congestion, pollution, transportation; 
(Aguayo et. al 2007; Allen and Lu 2003; Henriquez et al. 
2006)], a growing number of researchers are considering 
the ecological impacts of development (Naves et al. 2003; 
Theobald 2003; Theobald et al. 1997) based on existing  
environmental planning policy and legislation (Tietenberg 
and Lewis 2000).  Development pressure, often measured 
by increases in human influence (e.g., roads, housing units) 
has been correlated with declines in species’ populations 
through habitat loss, removal of native vegetation, and 
alteration of species activity or feeding patterns (Hansen 
and Brown 2005; Theobald et al. 1997). 

Recent advances in modeling (e.g., spatially and 
temporally specific gap and threat-analysis) have helped 
land managers, city planners, and conservation biologists 
identify important conservation areas that face increased 
development pressure.  Gap analysis uses vegetation 
indices and historical trends in land use change to predict 
likely animal distributions.  Predicted animal distributions 
are then overlaid with a map of protected areas using GIS 
software to identify possible “gaps” in the protection of 
biodiversity (Axelsson and Ostlund 2001; Scott et al. 1993).  
A threat-analysis is a process in which a gap analysis is 
expanded by including different environmental variables 
that are quantified based on each variable’s potential 
influence on conservation of selected species.  A threat-
analysis is designed to assess species’ current and future 
responses to developmental pressure (Theobald 2003).

One region in the United States experiencing substantial 
development pressure is upstate South Carolina (Figure 
1). This area contains portions of the Blue Ridge and upper 
Piedmont ecoregions, encompassing montane regions 
of the Southern Appalachians and neighboring lowlands 
with a diverse array of geological and hydrological 

features (Campbell et al. 2007).  This region is rich in both 
biodiversity and endemism and sustains common species, 
as well as many with restricted distributions that warrant 
special conservation attention (Montanucci 2006).  Given 
the high degree of habitat heterogeneity, development in 
this area could lead to a greater loss of bird and amphibian 
species that are of high conservation concern at both the 
state and federal level.  Because of the combination of high 
development pressure and high biodiversity, we selected 
upstate South Carolina as our study area to assess the 
possible effects of development on four representative 
species.  We selected two bird species, Eastern Towhee 
Pipilo erythrophthalmus and Swainson’s Warbler 
Limnothlypis swainsonii, and two amphibian species, 
upland chorus frog Pseudacris feriarum and shovel-nosed 
salamander Desmognathus marmoratus, with each pair 
consisting of a narrowly and a broadly distributed species.

Our objectives were: (1) to assess varying degrees of threat 
to selected species in our study area, (2) to evaluate how 
future development pressure will affect distributions of birds 
and amphibians that have narrow and wide distributions, 
and (3) to consider which species to target for conservation 
action and whether certain species (or certain groups of 
species) might serve as indicators for others with similar 
sensitivity levels and habitat needs.

METHODS
Field Site Description

We selected eight counties comprising the Upper Piedmont 
and Southern Blue Ridge ecoregions within the state of 
South Carolina (Pickens, Greenville, Greenwood, Laurens, 
Spartanburg, Oconee, Anderson, and Abbeville counties) 
as our study region (Figure 1). Broad-leafed deciduous and 
coniferous evergreen forests are the dominant land cover 
types.  A human population density of 83.6 persons per km2 
(Campbell et al. 2007), a human population growth rate of 
15.3% between 2000-2010 (Allen and Lu 2003) compared 
with a 0.9% national population growth rate (World Bank 
2011, Campbell et al. 2007), rapid development of high-
amenity areas of the Blue Ridge, and urbanization around 
the cities of Greenville, Clemson, and Anderson have 
stressed this region’s natural ecosystems and biodiversity.  
Between 1990 and 2000, developed land grew from 90,142 
to 233,235 ha in upstate South Carolina and over 607,028 
ha are expected to be developed by 2030 (Allen et al. 
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2006).  The Saluda-Reedy River watershed is recognized 
as an imperiled watershed by the Environmental Protection 
Agency and falls within seven (except Oconee) of the 
eight upstate counties (Ulbrich 2007).  In addition, the 
northernmost counties of our study region (Oconee, 
Pickens and Greenville) serve as the southernmost range 
boundary for numerous fauna and flora that are restricted to 
the Southern Appalachian Mountains (Montanucci 2006). 

Selected Species

The Eastern Towhee is a common, year-round resident 
of South Carolina that is broadly distributed and prefers 
thickets and forest edges (Greenlaw 1996).  Although 
common in South Carolina, populations in adjoining 
states are declining, suggesting that South Carolina may 
represent a regional stronghold for the species.  The 
Swainson’s Warbler is a neotropical migrant classified 
as a ‘Species of Special Concern’ in South Carolina (SC 
DNR 2006a).  There, it has a narrow distribution during 
the summer months when it nests in shrubby undergrowth 
along riparian corridors in the northwest corner of the 
state (Brown and Dickson 1994).  The upland chorus frog 
is distributed broadly throughout the temperate zones of 
the eastern United States.  It is primarily a forest species, 
inhabiting the flood plains and upland woodlands of South 

Carolina (IUCN Redlist of Threatened Species 2009).  The 
shovel-nosed salamander is primarily a riparian species that 
prefers lotic waters in association with undisturbed forested 
habitats, and is narrowly distributed in the northwest corner 
of the upstate (IUCN Redlist of Threatened Species 2009).  
It is primarily found in cool upland streams under rocks and, 
like the Swainson’s Warbler, is considered to be a ‘Species 
of Special Concern’ in South Carolina (SC DNR 2006a). 

Overview of Models

Our threat assessment consisted of two main steps: (1) 
generating a habitat reduction model to reflect projected 
species declines for our four study species in response to 
land development; (2) producing threat analyses models for 
our selected species to identify the extent to which habitats 
in our study area are imperiled by land development.  All 
the spatial and temporal analyses were done using ArcGIS 
Version 9.3 (ESRI, California).

Habitat Reduction Model

We projected habitat reductions for the four species using 
development pressure, proportion of protected lands 
within a species range, and the likelihood an individual in 
a population would survive anthropogenic disturbance.  To 
calculate the growth rate of housing units, we calculated 
the percentage increase in the number of housing units 
in the eight counties of concern from 2000 to 2008 using 
a linear growth rate (Baldwin and deMaynadier 2009, 
Jelaska et al. 2010) and census data from the Topologically 
Integrated Geographic Encoding and Referencing (TIGER) 
database (http://www.census.gov/geo/www/tiger/) and 
then projected the average change in number of housing 
units over a 10-year period for our entire study area (15%).  
Then, we calculated the proportion of unprotected lands 
that fell within the distribution of a given species in the study 
area, which we termed Percentage Range Unprotected.  
We obtained species distribution rasters and polygons for 
land stewardship of South Carolina from the SC DNR data 
clearinghouse (SC DNR 2006b).  Finally, we calculated 
an Index of Decline to represent a predicted species 
response in the face of adverse anthropogenic activities.  
We derived the Index of Decline based on our review of 
published literature and historical, local-scale reduction in 
area of occupancy of selected species in face of human-
induced habitat loss (Blackburn et al. 2001; Brown and 

Figure 1.  The eight-county study region in South 
Carolina used in this study. This region contains portions 
of the Blue Ridge and upper Piedmont ecoregions of the 
Southeastern United States.
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Dickson 1994; Conant and Collins 1991; Greenlaw 1996; 
Martof et al. 1980; Mitchell 1991; Petranka 1998) and 
the IUCN Redlist of Threatened Species (2009).  Values 
are expressed in units of 0.1, range from 0.1-1.0, and 
represent the probability an individual would be excluded 
from a habitat as a result of human development based 
on expert opinion.  For example, we assigned Swainson’s 
Warbler a value of 0.8 because our review suggested that 
land development within its current area of occupancy 
(i.e., bottomland forests, mesic woodlands) would result in 
extirpation of 80% of its population.  We used this index to 
derive a projected percentage habitat reduction using the 
formula:

Development Pressure = % ∆ Housing units 

% ∆ Housing Units = (No. of housing units in 2008 – 
No. of Housing units in 2000) / (No. of housing units 
in 2000) * 100

Percentage Range Unprotected = Species 
distribution within study area that is protected / Total 

distribution within study area 

Percentage Habitat Reduction = Development 
Pressure * Percentage Range Unprotected * Index 
of Decline

Threat Analyses Models

Our threat-analysis models were based on the growth 
rate of the housing units in the study area, a habitat 
suitability index for each species, and the protection status 
in the study-area distribution of each species (Baldwin 
and deMaynadier 2009).  We used a similar approach 
as outlined for our habitat reduction model to calculate 
development pressure for these models, but used a county-
specific growth rate of housing units.  To generate Habitat 
Suitability Indices, we obtained geographical distributions 
of our four selected species from the South Carolina 
Department of Natural Resources SC GAP analysis project 
website in raster format (SC DNR 2006b).  These raster 
layers were originally classified based on different land 
cover types that fall within the distribution of our species.  
We reclassified based on habitat suitability for selected 
species as determined by a review of published literature 
(Blackburn et al. 2001; Brown and Dickson 1994; Conant 

and Collins 1991; Greenlaw 1996; Martof et al. 1980, 
Mitchell 1991; Petranka 1998) and the IUCN Redlist of 
Threatened Species (2009).  We ranked the suitability of 
each major habitat type on an ordinal suitability gradient 
ranging from very high suitability to low suitability, and 
assigned a fixed value for each habitat that occurred 
within the distribution range of each species.  The habitat 
suitability values were assigned as following: 1 – very high 
suitability, 0.75 – high suitability, 0.50 – moderate suitability 
and 0.25 – low suitability.  We eliminated any habitat 
deemed unsuitable for long-term persistence of a given 
species and calculated suitability values for the reclassified 
habitats of our selected species (Table 1).  To determine 
the protection given to the distribution of our four species, 
we recategorized the study region into five groups based 
on management authority; federally owned, state owned, 
protected private lands, protected lands with unknown 
ownership, and unprotected areas (Land Stewardship 
Data Clearinghouse- SC GAP database).  Based on land 
use practices allowed by different management authorities 
(e.g., recreational use, hunting, harvesting), we derived 
values from 1 to 5 to indicate the likelihood that selected 
species would be safeguarded from future anthropogenic 
disturbance (Table 2).  We used the Spatial Analyst 
extension of ArcGIS Version 9.3 (ESRI, California) to 
produce the threat indices based on the following equation:

Threat Index = (Growth Rate of Housing Units           
* Habitat Suitability Index) / Protection Status

RESULTS

Our habitat reduction model showed that both amphibian 
species had similar projected habitat declines in response 
to development by the year 2030 (upland chorus frog, 
19.8% habitat reduction; shovel-nosed salamander, 18%; 
Table 3).  Bird responses differed from each other, however, 
with projected habitat reductions for Swainson’s Warbler 
nearly twice as much as that of Eastern Towhee (30.1% 
and 15.8% respectively). Overall, among the bird and 
amphibian species studied, the Eastern Towhee appeared 
to be the most resistant to development pressure.

Threat analyses indicated that for Eastern Towhee and 
upland chorus frog, areas of highest threat exist in the north-
central portion of our study region, an area that overlaps 
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Habitat type Suitability Value 
Eastern Towhee 

Dry scrub/Shrub thicket  1.00 
Wet scrub/Shrub Thicket 1.00 
Open canopy/Recently cleared forest 0.75 
Closed canopy evergreen forest/ Woodland 0.50 
Dry deciduous forest/Woodland 0.50 
Dry mixed forest/Woodland 0.50 
Mesic deciduous forest/Woodland 0.50 
Mesic mixed forest/Woodland 0.50 
Pine woodland 0.50 
Urban residential 0.25 
 

Swainson’s Warbler 
Mesic deciduous forests/ Woodlands 1.00 
Bottomland hardwood forests 0.75 
Floodplain forests 0.75 
 

Upland chorus frog 
Freshwater 1.00 
Bottomland hardwood forests 1.00 
Floodplain forests 1.00 
Wetlands with aquatic vegetations 1.00 
Mesic deciduous forests/ Woodlands 0.50 
Mesic mixed forests/ Woodlands 0.50 
Grasslands 0.25 
Pastures 0.25 
Cultivated/ Agricultural lands  0.25 
 

Shovel-nosed salamander 
Mesic deciduous forests/ Woodlands 1.00 
Mesic mixed forests/ Woodlands 1.00 
Freshwater 0.50 

Table 1.  Values used to calculate habitat suitability indices.  Each habitat occupied by the selected 
species was assigned a numerical value reflecting the degree of suitability of that habitat as 
following: 1 – very high suitability, 0.75 – high suitability, 0.50 – moderate suitability and 0.25 – low 
suitability.  Values derived based on literature review. 
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Table 2.  Protection levels based on management authorities of lands in upstate South Carolina.  
A value of 5 indicates the highest protection level and 1 indicates the lowest protection level.

Land ownershipa Values on conservation potential 

Federal lands 5 
State lands 4 

Private conservation lands 3 

Protected lands with unknown ownership 2 

Unprotected lands 1 
 

a based on Land Stewardship Data Clearinghouse (SC DNR 2006b) 

with a significant degree of development (Figure 2).  For 
Swainson’s Warbler and shovel-nosed salamander, areas 
of highest threat were found in the central portions of their 
respective ranges (Oconee, Pickens, and Greenville 
counties) closer to urban and suburban areas.  In general, 
lower threats for all species were found in mountainous 
regions that were protected by federal management 
authorities, particularly in the Blue Ridge ecoregion 
and Southern inner Piedmont ecoregion (northeastern 
Oconee county and northern Pickens county).  Further, 
for broadly distributed species, threat was lowest in 
relatively undeveloped areas with a significant degree of 
agricultural activities (the southernmost counties of our 
study region). 

Reclassification accounting for habitat suitability within 
distribution areas for our four species revealed a higher 
percentage of ‘high’ and ‘very high’ suitability values for 
habitat specialists (Swainson’s Warbler - 100%, shovel-
nosed salamander - 85%) than for habitat generalists 
(Eastern Towhee - 23.5%, upland chorus frog - 12%), 
although habitat specialists had much narrower overall 
distributions than habitat generalists.  Overall, 12% of our 
study region was protected by a combination of federal 
agencies (e.g. Army Corps of Engineers, US Forest 
Service), state agencies (e.g., University Experimental 
Forests, SC State Park Service, Department of Natural 

Resources), and private agencies (e.g., the Nature 
Conservancy), with most protected areas occurring in the 
northernmost portion of our study region.  Relatively small 
portions of the ranges of Eastern Towhee, Swainson’s 
Warbler, and upland chorus frog were protected (12%, 
16%, 12%, respectively), whereas 60% of the range of 
shovel-nosed salamander was protected (Table 3).

DISCUSSION

Land development typically results in long-term 
detrimental effects on biodiversity, a result found in 
both our habitat reduction model (Table 3) and threat-
analysis model (Figure 2).  The habitat reduction model 
evaluated species-specific responses to development 
based on amount of habitat vulnerable to development 
(i.e., unprotected) and species resistance (i.e., Index of 
Decline or ability to persist with loss of habitat quality 
resulting from development).  In contrast, the threat-
analysis evaluated suitability of habitats available (habitat 
suitability index rankings) and degree of development risk 
based on level of habitat protection.  Together, the two 
approaches assess current threat to species based on 
species-specific resistance to development and projected 
reductions in habitat carrying capacity (degree of habitat 
suitability and likelihood of reduced suitability through 
development).   
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Figure 2.  Varying degrees of projected threat (low, moderate, very high, extremely high) for 
(a) Eastern Towhee, (b) Swainson’s Warbler, (c) upland chorus frog, and (d) shovel-nosed 
salamander under a 2030 development scenario, in counties where species are known to be 
present (SC DNR 2006b).  Projections are based on Growth Rate of Housing Units per County, 
Habitat Suitability, and Protection Status (see Methods for detail).
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Our habitat reduction model projects range declines that 
differ among our selected species (Table 3).  The Eastern 
Towhee showed the least decline, a result consistent with 
its ability to adapt to anthropogenic disturbance as an 
edge-associated generalist (Greenlaw 1996).  Swainson’s 
Warbler, a habitat specialist preferring moisture-rich, old-
growth forests (Brown and Dickson 1994), showed the 
greatest potential for decline, given its inability to adapt to 
development pressure and smaller percentage of range 
protected.  Projected declines in the distribution of upland 
chorus frog and shovel-nosed salamander were similar but 
illustrate two different aspects of development pressure.  The 
shovel-nosed salamander, although having low resistance 
to development, was relatively unaffected because >60% 
of its range in South Carolina was protected (most of its 
range falls within areas of the Blue-ridge ecoregion and 
the southern Appalachian mountains that have broad 
conservation appeal).  Although the upland chorus frog had 
a broader area of occupancy and was somewhat resistant 
to development, most of its distribution is in the outer 
Piedmont ecoregion, which had less area protected (12%) 
and more of its habitat susceptible to human development.  
Overall, habitat reduction was lowest for broadly distributed 

species in the relatively undeveloped areas with agriculture; 
a result indicating the value of maintaining sustainable or 
wildlife-friendly agriculture (Fisher et al. 2008).   

Our habitat reduction model provides a regional perspective 
for species declines over time with consideration of 
biological characteristics of selected species.  We assumed 
a constant development pressure of 15% across all 
counties in our study region, similar to Allen and Lu (2003) 
and Campbell et al. (2007), and calculated the percentage 
of each species’ habitat protected within our entire study 
region.  Attributed to its simple mathematical calculation, 
model inputs can be adjusted to reflect changes at multiple 
spatial scales (e.g., state-level, county-level, U.S. census 
block).  

Our threat analyses (Figure 2) were based upon a model 
developed by Baldwin and deMaynadier (2009) and 
accounted for growth of housing units, habitat suitability, 
and protection status based on land ownership.  By 
reclassifying distribution rasters according to habitat 
suitability for selected species, we selectively weighted land 
cover types that provide optimal habitat conditions for long-

 
Development 
Pressurea  

Percent Range 
Unprotectedb 

Index of 
Declinec Percent Habitat Reductiond 

    2010 2020 2030 

Eastern  
Towhee 15 0.88 0.4 5.28 10.56 15.84 

Swainson’s 
Warbler 15 0.84 0.8 10.08 20.16 30.24 

Upland chorus 
frog 15 0.88 0.5 6.6 13.2 19.8 

Shovel-nosed 
salamander 15 0.4 1 6 12 18 

 

aPercentage increase in the number of housing units in study region from 2000 to 2008  
projected to a 10-year interval (TIGER database- US Census Bureau) 
bProportion of protected lands that fell within the entire distribution range 
 of a given species (SC DNR 2006b) 

Table 3.  Projected habitat reduction (%) in 2010, 2020, and 2030 for selected species based on Development 
Pressure, Percentage Range Unprotected, and Index of Decline.
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term survival of selected species.  Considering differences 
among management authorities made our model more 
robust, compared to approaches that simply categorize 
areas as ‘protected’ or ‘unprotected.’ Using a finer scale 
that reflects all possible land management practices would 
strengthen our model by accounting for the wide range of 
conservation applications and sustainable uses employed 
by a given management authority.  Our threat analyses 
differed from our habitat reduction model (Table 3), by 
accounting for a unique growth rate for each county within 
our study region.  This approach recognizes rural areas 
as less likely to be affected by intense land development, 
a point that could affect conservation planning depending 
on species and conservation goals.  Martorell and Peters 
(2008) used a similar fine-scale approach to assess threats 
encountered by native species in a disturbed landscape.  

Only 12% of our study region was protected, compared 
to 27.1 % of terrestrial ecosystems in the United States 
(WDPA 2008), even though the Environmental Protection 
Agency recognized a portion of the area as a priority 
watershed (the Saluda-Reedy watershed; Allen et al. 
2006).  Protected areas in the northernmost portion 
of our study region (Oconee, Pickens, and Greenville 
Counties) appeared to curb habitat declines and alleviate 
threats.  Similar habitat protection might reduce threat 
levels for lands in the central portion of our study region 
where threat levels currently appear to be high (Figure 2).  
Alternatively, biodiversity threat levels may be reduced 
through conservation programs that engage the interests 
of landowners, agencies, and other stakeholders toward 
mutual conservation and land-use goals.  Continued 
cooperation among different management authorities that 
hold jurisdiction over protected lands in our study region 
will be crucial to maintain and ensure long-term species 
protection.

Assumptions

In both of our models, we assumed that changes in housing 
density best approximate development pressure.  Using 
growth rate of housing units as a measure of development 
considers second homes, which may be unoccupied 
at the time of a population census and are most often 
located close to wilderness areas that are important to 
wildlife conservation (Baldwin et al. 2009).  Although other 
variables (e.g., access to roads, urbanization, sewer lines, 

human population density) are often combined to calculate 
development pressure (Aguayo et al. 2007; Campbell et 
al. 2007; Sanderson et al. 2002), Claggert et al. (2004) 
showed that models based on housing units generated 
similar projections to complex models that consider multiple 
variables. 

Recommendations and Conclusions

Used in conjunction with one another, our models could 
help conservation authorities more accurately predict 
species declines and implement well-focused location-
specific, management strategies.  For example, our habitat 
reduction model could be used to establish a surrogate 
relationship between well-studied Species A and a lesser-
studied Species B if they have similar portions of their 
ranges unprotected (Percentage Range Unprotected 
values) and similar resistance to change (Index of Decline 
values, Table 3).   Using this relationship, a threat-analysis 
could then be conducted to indicate specific locations 
where conservation efforts are most needed for species 
B.  Future models could be improved by more accurately 
quantifying the degree of land management and potential 
for land use / land cover change on protected areas (e.g., 
degree of resource extraction by management authorities) 
and by a better understanding of life histories and habitat 
associations of target species.  

Pressures for land development will increasingly involve 
multiple landscape variables and stressors such as housing 
unit growth, land use / land cover change, habitat availability 
and quality, and species life history characteristics.  Our 
findings demonstrate the value of integrating multiple 
components to yield projected scenarios that can help 
guide and inform land-use decisions from regional to local 
scales, depending on input data available.
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