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ABSTRACT Many land-trust organizations attempt to preserve habitat that will benefit specific wildlife species or suites of species. With

limited resources available, these organizations need tools to prioritize preservation efforts. One such organization, the Kiawah Island Natural

Habitat Conservancy (KINHC), is attempting to preserve wildlife habitat in the face of ever-increasing property values and development

pressure on Kiawah Island, South Carolina, USA. We modified an existing bobcat (Lynx rufus) habitat suitability index model, which focuses

on suitability of habitats for food, by including components for concealment cover and den habitat. We developed a windows-based computer

program that calculates modified habitat suitability index (MHSI) values that can easily be imported into a Geographic Information System for

display in map form, allowing for frequent reevaluation of site-specific habitat suitability as land-cover patterns change. We used locations

collected from radiocollared bobcats to assess validity of the food and cover components of the MHSI. Bobcats used areas identified as highly

suitable for food more than expected during nocturnal time periods (G52 5 640.9, P , 0.001) and areas identified as highly suitable for cover

more than expected during diurnal time periods (G37 5 1,194.0, P , 0.001). Our approach for evaluating bobcat habitat suitability will allow

KINHC to identify parcels that likely provide the greatest ecological benefit to bobcats and their associated wildlife community. Our approach

could be altered to consider habitat requirements of other species, or multiple species, at virtually any location for which fine-scale land-cover

data are available.
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As human populations grow, and associated urban sprawl
continues to alter natural landscapes, the wildland–urban
interface is becoming a more important portion of the
habitat available to many wildlife populations. Although
most people live in urban or suburban areas, the interest in
attracting and viewing wildlife remains strong, and many
developers are incorporating green space and presence of
wildlife into their development and advertising strategies
(Adams et al. 2006). Additionally, the number of local and
regional organizations focused on preserving natural areas
within this suburban matrix is increasing (Land Trust
Alliance 2006). Because property values are typically high
and development patterns are often dynamic in these
desirable real estate locales, preservation organizations must
attempt to maximize the return from funding available for
habitat preservation while adapting their preservation
priorities to changing development patterns and rates. To
that end, we developed a habitat assessment tool based on
life requisites of the bobcat (Lynx rufus). The habitat
requirements, ecological niche, and sensitivity to habitat
fragmentation (Crooks 2002) of the bobcat, combined with
its social appeal at this locale (Roberts 2007), made it a well-
suited focal species for development of this tool.

Many studies have modeled bobcat habitat suitability in
the United States, utilizing various techniques across a
variety of landscapes and scales. Lancia et al. (1982) and
Boyle and Fendley (1987) developed bobcat habitat

suitability index models based on habitat requirements of
bobcats in the southeastern United States, whereas Conner
and Leopold (1998) used a multivariate logistic regression
model to assess female bobcat habitat on a Mississippi
National Forest. Woolf et al. (2002) used a multivariate
regression model to assess bobcat habitat suitability at the
bobcat home-range scale across Illinois, and Nielsen and
Woolf (2002) expanded on this work by relating habitat
suitability to bobcat abundance across southern Illinois.
Many recent studies have focused on landscape-scale habitat
assessments involving multiple focal species, including
bobcats, typically with the goal of identifying and conserving
areas of high biodiversity (Kautz and Cox 2001, Martino et
al. 2005, Rubin et al. 2006), assessing the effect of potential
future landscapes (Schumaker et al. 2004), or identifying
areas of important habitat at the landscape level (Larson et
al. 2003, Dijak et al. 2007).

These prior assessments of bobcat habitat suitability
primarily considered habitat requirements of bobcats
inhabiting natural landscapes (i.e., not urban–suburban)
and were not conducted at appropriate scales to assess
suitability of individual land parcels (e.g., residential
building lots). Our objective was to develop a biologically
based, simple, effective tool to help a local land-trust
organization prioritize and periodically reassess their land-
preservation opportunities on a coastal barrier island under
human development pressure. Therefore, we needed to
assess habitat suitability at a fine scale while considering the
unique environmental pressures a bobcat faces living in a
human-inhabited landscape (Ditchkoff et al. 2006). To
accomplish this objective we modified an existing bobcat
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habitat suitability index to consider additional life requisites,
assessed validity of the modified index with data collected
from radiomonitored bobcats, and used the index to
prioritize undeveloped habitat on the island.

STUDY AREA

Kiawah Island is a 3,500-ha coastal barrier island located
approximately 25 km south of Charleston, South Carolina,
USA. Approximately 1,500 ha of the island was salt marsh
(smooth cordgrass [Spartina alternifora]) or brackish marsh
(saltmeadow cordgrass [S. patens], salt grass [Distichlis
spicata], bushy seaside tansy [Borrichia frutescens], and
needlegrass rush [Juncus roemerianus]). The remaining
acreage was a mosaic of maritime forest (live oak [Quercus
virginiana], slash pine [Pinus elliottii], and cabbage palmetto
[Sabal palmetto]), maritime shrub thickets (sand live oak [Q.
geminata], yaupon [Ilex vomitoria], wax myrtle [Morella
cerifera]), salt shrub thickets (bushy seaside tansy, marsh
elder [Iva frutescens], wax myrtle, needlegrass rush), brackish
and freshwater ponds, golf course, residential and resort
development, and sand. Kiawah Island is separated from
other land masses to the north and west by the Kiawah River
and to the east by the Stono River. Kiawah Island was
accessed by a 2-lane road and bridge that crossed
approximately 550 m of salt marsh. During 2004–2005,
Kiawah Island had a mean temperature of 27.6u C in July
and 8.5u C in January; precipitation averaged 114 cm
annually (N. Shea, Kiawah Island Community Association,
unpublished data).

Significant development on Kiawah Island began in 1974.
During 2004–2005, approximately 2,000 of the 3,000
platted parcels available for single-family homes were
developed, with approximately 70 new homes constructed
each year. Parcels platted for single-family homes had a
mean area of 0.19 ha (SE 5 0.01 ha). Local regulations
designed to maintain green space had preserved buffer strips
(i.e., approx. 1–8-m strips of native maritime vegetation)
between homes, canopy cover around homes, and vegetation
along marsh and pond edges, resulting in a mosaic of native
and landscaped vegetation within developed areas (Kiawah
Island Architectural Review Board 2007). Additionally, the
Kiawah Island Natural Habitat Conservancy (KINHC), a
community-based land-trust organization, strived to pre-
serve larger parcels of native habitat in this quickly
developing landscape. Kiawah Island supported a stable
population of approximately 30 bobcats (SE 5 1.6), creating
a density of approximately 1.4 bobcats/upland km2 (i.e.,
nonsalt marsh; Jordan 1998, Griffin 2001, Roberts 2007).
Preservation of habitats important to bobcats was a primary
focus of KINHC (Roberts 2007).

METHODS

We modified an existing habitat suitability index for bobcats
(Boyle and Fendley 1987), which focused on one life
requisite (i.e., food), to include suitability of habitats for 2
additional life requisites, cover and den sites, important to
bobcats inhabiting human-altered landscapes. We calculated
our modified habitat suitability index (MHSI) from 3

component indices designed to rate habitat suitability based
on these life requisites. We then used MHSI to rate
undeveloped land parcels on Kiawah Island to prioritize
land-preservation efforts. This process involved multiple
field and computing steps that could be completed by land-
preservation organization staff with moderate field biology
and Geographic Information Systems (GIS) experience
(Fig. 1).

We used a geo-referenced plat map, municipal building
permit data, and infrared digital orthophotography (1-m
spatial resolution, taken in Mar 2005; Town of Kiawah
Island), to delineate 9 land-cover types (forest, shrub
[maritime shrub and salt shrub communities], open dunes
[mix of sand and native grasses], salt marsh, sand, golf
course [landscaped golf course vegetation], developed
[developed residential and resort properties], roads, and
water; Fig. 2). We manually digitized most land-cover
types, although extensive canopy cover prevented us from
accurately delineating the developed and road cover types
from aerial orthophotography (i.e., canopy cover obscured
human-altered understory). Therefore, we used platted
property boundaries to delineate developed areas and roads
(i.e., road rights-of-way) to ensure human alterations to the
understory were accurately represented in the analysis. We
considered all individual parcels for which a municipal
building permit was issued prior to March 2005 to be
developed, even if we could not see a home in the digital
orthophotography. We assumed that once a building permit
was issued, increased human activity and the probable
clearing of native vegetation altered the habitat suitability of
the parcel. We used ArcGIS 9.1 for GIS operations.

Habitat Suitability Index Components and Calculation
We used the bobcat habitat suitability index model
developed by Boyle and Fendley (1987) as the foundation
for our MHSI. The model developed by Boyle and Fendley
(1987) uses a food suitability index (FSI) as a measure of
overall habitat suitability, because it assumes the other
general life requisites of a bobcat (i.e., water, cover, and
reproduction) can be met in undeveloped areas of the
southeastern United States or within areas of adequate food
suitability (Boyle and Fendley 1987). The model describes
optimal bobcat habitat as

L

90% grass, forb, or shrub
ground cover with 50–70% of this vegetation in grasses or
forbs. This vegetation composition provides optimal habitat
for rodents (primarily cotton rats [Sigmodon hispidus]) and
eastern cottontails (Sylvilagus floridanus), which are usually
the main components of bobcat diets in the southeastern
United States, by providing adequate food resources and
accessible escape cover from avian predators (Boyle and
Fendley 1987). Bobcat scat analyses conducted on Kiawah
Island showed that annual bobcat diets contained 39–49%
rodents (mostly cotton rats) and 7–23% rabbits (Jordan
1998; Griffin 2001; K. Holcomb, University of Georgia,
unpublished data), thus supporting our use of a model that
considered habitat for these prey species.

To estimate FSI within each land-cover type, we
generated 1,000 random locations throughout the island
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using Hawth’s Analysis Tools (Beyer 2004). We followed
the protocol of Boyle and Fendley (1987) to estimate FSI at
random locations that fell within forest (n 5 107), shrub (n
5 76), or open dunes (n 5 24) land-cover types. Because
most of the randomly selected, developed parcels (n 5 101)
were inaccessible (i.e., private property) and forest canopy
cover prevented an accurate assessment of understory
vegetation with aerial orthophotography, we visually
estimated vegetation area and composition metrics within
the portion of each parcel that was visible from the road. We
used these estimates and the total area (m2) of the parcel,
obtained from a geo-referenced plat map, to extrapolate an
FSI estimate for the entire parcel. Because we used right-of-
way boundaries from the geo-referenced plat map to
delineate the road land-cover type, roads included pave-
ment, manicured grass, and small buffers of forest that fell
within the right-of-way. Using the ArcGIS measurement
tool, we measured the portion of the right-of-way width
(i.e., total width of right-of-way, including the road; x̄ 5

22.9 m, SD 5 13.4 m) covered by forest (x̄ 5 3.5 m, SD 5

4.9 m) at randomly selected points (n 5 47) along the
island’s network of roads. We used these measurements,
coupled with the average vegetation composition metrics
from sampled forest areas, to estimate average FSI within
the road land-cover type. We assumed areas comprised of
manicured grass (e.g., golf course fairways) or salt marsh
(

M

150 m from upland areas) had minimal food production
value and subjectively assigned the lowest food suitability
value possible (FSI 5 0.05).

Cover requirements of bobcats in the southeastern United
States are general, and the importance of cover is often
expressed within the context of food suitability (Lancia et al.
1982, Boyle and Fendley 1987). However, in a suburban
setting, presence of concealment cover, regardless of its food
production value, likely facilitates corridor movements and
provides daytime resting cover for bobcats (Tigas et al. 2002,
Riley et al. 2003). Therefore, for each land-cover type we
included a cover suitability index (CSI), calculated as the
portion of the type comprised of forest or shrub vegetation
(e.g., open dunes land-cover type had an average shrub cover
of 4% at random locations sampled to estimate FSI and,
therefore, received a CSI value of 0.04). We assumed all
areas of forest or shrub vegetation provided adequate
concealment cover. We assumed narrow forested strips
within road right-of-ways did not provide adequate
concealment cover, due to traffic noise, and subjectively
assigned a CSI value of zero to these areas. We chose not to
subjectively alter CSI values within the developed land-
cover type because, based on our observations, the shrubby
vegetation (natural or landscaped) around these structures
provided concealment cover for bobcats. Therefore, we used
estimates of shrub cover within each sampled parcel to
calculate CSI for developed areas.

Female bobcats in the southeastern United States, and on
Kiawah Island, typically den in hollow stumps, under
uprooted trees, and in areas of dense understory vegetation
(Lancia et al. 1982, Boyle and Fendley 1987, Griffin 2001,
Roberts 2007). Land-cover type, patch size, and shape also

Figure 1. Flow chart of the process used to estimate a mean modified
bobcat habitat-suitability index (MHSI) for undeveloped parcels on Kiawah
Island, South Carolina, USA, 2004–2005. FSI 5 food suitability index;
CSI 5 cover suitability index; DSI 5 den suitability index.
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seem to be important to bobcat reproduction on Kiawah
Island, because all documented bobcat dens on the island
were located in some part of undeveloped forest or shrub
patches L2 ha in size that were predominantly comprised of
core habitat (i.e., no dens located in narrow patches
dominated by edge habitat; Griffin 2001, Roberts 2007).
Although published literature is lacking, it is intuitive that a
scarcity of adequate den habitat could negatively affect
kitten survival by placing kittens closer to anthropogenic
disturbances (e.g., roads) or in areas with suboptimal cover
(i.e., increased vulnerability to predation). Riley et al. (2003)
hypothesized that areas of high human influence may be
perceived by female bobcats as unsafe for raising young.
Therefore, we incorporated a den suitability index (DSI) in
MHSI. Due to their exclusive use in the past, we assumed
forest and shrub land-cover types provided the vegetation
structure necessary for denning (DSI 5 1.0) and all other
types were unsuitable (DSI 5 0.0). We used a moving-
window analysis to average DSI values within a square, 2-ha
(i.e., smallest undeveloped patch used for denning) window
and assigned the average DSI to the center pixel of the
window (Roberts 2007).

Like Boyle and Fendley (1987), we considered water to be
readily available to bobcats on Kiawah Island and did not
consider it as a life requisite in our analysis of habitat
suitability. Additionally, because open water (e.g., ponds) is
uninhabitable, we considered it unsuitable in all component
indices (i.e., food, cover, and den suitability 5 0.0). We
assumed areas of salt marsh that were .150 m from upland
habitats were inaccessible to bobcats, due to flooding
frequency, and removed them prior to all habitat suitability
analyses.

If mean component index values (mean FSI and CSI
values calculated from sampled locations) did not differ
between land-cover types (Mann–Whitney U-test; Sokal

and Rohlf 1995), we pooled vegetation composition data
between similar land-cover types to calculate a mean
component index value. Therefore, our prioritization of
important land-cover types should be fairly robust to
potential errors caused by within-type variability (Roloff
and Kernohan 1999).

We converted digitized land-cover type polygons to a 5-m
raster grid and then created a 5-m raster grid for each
component index (FSI, CSI, and DSI) by reclassifying each
land-cover type identifier with its respective mean suitability
index value. We developed a program (available from S.
Roberts upon request) in Visual Basic 6.0 (Microsoft
Corporation, Redmond, WA) that read the 3 component
index grid files, conducted the 2-ha moving-window
averaging of the DSI grid, created a moving-window-
modified DSI grid (DSImw), and created a MHSI grid from
the input FSI and CSI grids and the DSImw grid as

MHSI~ FSI|
CSIzDSImw

2

� �� �0:5

:

We agree with Boyle and Fendley (1987) that food
availability (FSI) is the most important life requisite to
consider when evaluating suitability of habitats for bobcats
in the southeastern United States and, therefore, it has more
influence on the resulting MHSI in this calculation than the
other component indices. Only when a land-cover type
provides no cover and denning benefit (CSI and DSImw 5

0.0) or food benefit (FSI 5 0.0) to bobcats does the
geometric mean provide a limiting effect on habitat
suitability (MHSI 5 0.0). Due to the importance of food
availability, the specific requirements for adequate denning
habitat, and our goal of assessing overall habitat suitability
on the island, we believe this calculation of habitat
suitability was more appropriate than a more traditional
straight, 3-term geometric mean calculation. With a

Figure 2. Raster grid of 9 land-cover types delineated to evaluate bobcat habitat suitability on Kiawah Island, South Carolina, USA, 2004–2005.
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straight, 3-term geometric mean calculation, all areas that
did not meet the specific spatial and cover type requirements
for den habitat, even if they provided food or cover
resources, would have been identified as unsuitable (MHSI
5 0.0). To rate habitat suitability of individual, undeveloped
parcels on Kiawah Island, we used zonal statistics in
Hawth’s Analysis Tools (Beyer 2004) to calculate mean
MHSI value within each parcel.

Assessment of Index Validity
During January–March 2004, we captured and radiocollared
16 bobcats (8 M, 8 F) on Kiawah Island as part of a related
study examining suburban bobcat ecology (Roberts 2007).
We recorded telemetry locations of radiocollared bobcats 2–
5 times/week from 1 April 2004 to 30 March 2005,
progressively shifting the start time of each monitoring
session in 2-hour increments to allow for collection of
locations throughout the diel period. We spaced consecutive
locations

L

12 hours apart to ensure independence between
observations. We took an average of 154 locations (range 5

114–162) on each bobcat during routine monitoring.
We estimated most locations (92%) by homing from

publicly accessible landmarks (e.g., lot boundaries, road
intersections) that were identifiable in aerial orthophotog-
raphy or from a geo-referenced property boundary map of
the island (e.g., 45 m at 124u from intersection of X street
and Y road; see Roberts 2007). Average telemetry error
using this technique, estimated from 20 test collars placed at
random sites of known location, was low (x̄ 5 12.8 m, SE 5

2.2 m). When a bobcat was in an area that prevented us
from getting within 150 m by publicly accessible means, we
estimated the bobcat’s location from compass bearings
obtained at 2 telemetry stations (8% of locations). Large
undeveloped tracts of land, where triangulation was required
to locate a bobcat, were positioned at the extreme western
and eastern tips of Kiawah Island, making it impossible to
obtain an accurate third telemetry bearing (i.e., impossible
to get an acceptable angle [60–120u]). Absence of a third
bearing precluded us from estimating telemetry error for
these locations. However, we attempted to get as close as
possible (always

M

1 km) and take bearings as close to
perpendicular (90u) as possible, and we minimized elapsed
time between successive bearings (,15 min) to increase
accuracy (Withey et al. 2001). We determined coordinates
(63 m) of telemetry stations using Global Positioning
Systems and we used LOCATE II (Nams 2000) to convert
compass bearings to an estimated X–Y Universal Transverse
Mercator coordinate. We used Home Range Tools
(Rodgers et al. 2005) for ArcGIS 9 to calculate 95% fixed
kernel (Worton 1989) home ranges for bobcats that
exhibited resident behavior for L6 consecutive months
and had

L

50 locations (Seaman et al. 1999). We used
likelihood cross-validation to select the kernel smoothing
factor (Silverman 1986, Horne and Garton 2006a, b).

We also attempted to locate all bobcat den sites during
springs of 2004 and 2005. Because den habitat, which is
seasonally important to female bobcats only, was a main
component of MHSI, we could not simply compare

frequency of bobcat use (i.e., telemetry locations from all
bobcats) to the MHSI output to assess index validity. Given
that we used observations of radiocollared female bobcat
den-site selection to construct the den index, we could not
use data from these same individuals to assess DSImw

validity. Therefore, we evaluated validity of the input FSI
and CSI components of the index separately. We present
the DSImw value for each documented site not as index
validation but to discuss implications for habitat preserva-
tion.

Bobcats are generally considered nocturnal predators,
although peaks in activity are typically associated with
crepuscular peaks in prey-species activity (Anderson and
Lovallo 2003). Therefore, telemetry locations collected
during the crepuscular and nocturnal portions of a diel
period (hereafter, nocturnal) should generally represent
feeding activity, and these locations should be associated
with high FSI values if the index is accurately reflecting prey
availability. Diurnal telemetry locations should generally
represent hiding behavior, which should be associated with
high CSI values if the index is accurately reflecting adequacy
of concealment cover. We used the intersect point tool in
Hawth’s Analysis Tools (Beyer 2004) to record the FSI
value at each nocturnal telemetry location (30 min before
sunset to 30 min after sunrise) and the CSI value at each
diurnal location (all other times). We used sunrise and
sunset data for Charleston, South Carolina (U.S. Naval
Observatory 2004) to delineate month-specific diurnal and
nocturnal periods. For each bobcat, we compared frequency
of locations within each FSI or CSI category to expected
frequency, based on availability within the 95% fixed kernel
home range, using log-likelihood G-tests (Sokal and Rohlf
1995). We then summed G statistics and associated degrees
of freedom across all bobcats to test overall use versus
availability for FSI and CSI (White and Garrott 1990).

We also used data collected from a small-scale rodent-
trapping effort to evaluate general relationships between
cotton rat abundance and mean FSI values in the open dune,
shrub, and forest types. If FSI accurately reflected quality of
cotton rat habitat, then differences in FSI values between
these land-cover types should correspond to measured
differences in cotton rat abundance. During July of 2003–
2005, 16 snap-trap transects were placed throughout
undeveloped areas of the island. We set one Victor EasySet
mouse trap and one Victor Professional Expanded Trigger
rat trap (Woodstream Corp, Lititz, PA) at each of 10
stations along each transect. We spaced stations 10 m apart
and separated rat and mouse traps by 1 m. We prebaited
unset traps with a mixture of peanut butter and rolled oats
on the first night and rebaited and set them each of the
ensuing 3 nights. We calculated a land-cover type–specific
index of cotton rat abundance as number of cotton rats
captured divided by total trap nights (i.e., catches/effort
[C/E]). Because the purpose of this analysis was to compare
average cotton rat abundance between land-cover types, not
to examine temporal differences in cotton rat abundance, we
pooled land-cover type-specific capture data among years.
The University of Georgia Institutional Animal Care and
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Use Committee (IACUC) approved the project protocol for
animal capture and handling (IACUC no. A2002-10113-
M1).

RESULTS

We delineated 367.1 ha of forest, 306.4 ha of shrub, 116.4 ha
of open dunes, 1,509.6 ha of salt marsh (807.0 ha after we
removed areas .150 m from upland habitats), 234.1 ha of
sand, 208.8 ha of golf course, 425.8 ha of residential and
resort development, 160.7 ha of roads, and 153.7 ha of water
on Kiawah Island. We used 355 randomly selected locations
throughout the island to estimate mean component index
values (FSI and CSI) within the shrub, forest, open dune,
road, and developed land-cover types (Table 1). Mean FSI
did not differ between forest and open dune land-cover
types (U 5 1,372.0, n1 5 107, n2 5 24, P 5 0.601);
therefore, we pooled FSI between these types to calculate
mean FSI used in habitat suitability analyses. All other mean

measured component index values were different (P , 0.05)
among land-cover types.

Output MHSI values ranged from zero in uninhabitable
or low-quality areas (e.g., water, large expanses of golf
course, sand, or salt marsh) to 0.83 in highly suitable areas
(e.g., large areas of contiguous shrub land cover) throughout
the island (Fig. 3). Mean MHSI within the 933 undevel-
oped, platted parcels on the island ranged from 0.40 to 0.76,
with MHSI in most undeveloped parcels (n 5 503) falling
between 0.40 and 0.50 and fewer between 0.5 and 0.6 (n 5

331) and .0.6 (n 5 99). As we expected, based on the
patch-size stipulation of DSI, the areas of highest suitability
fell within the few large, unplatted parcels on the island.

During both the nocturnal (68 6 5.4 telemetry locations/
bobcat) and diurnal (85 6 4.6 telemetry locations/bobcat)
time periods, bobcats used areas of low suitability less and
high suitability more than expected (nocturnal, G52 5 640.9,
P , 0.001; diurnal, G37 5 1,194.0, P , 0.001; Fig. 4).

Table 1. Land-cover type–specific mean component index values (FSI 5 food suitability index, CSI 5 cover suitability index, DSI 5 den suitability index),
calculated from field or aerial orthophotography measurements, which we used to calculate a modified habitat suitability index (MHSI) for bobcats on
Kiawah Island, South Carolina, USA, 2004–2005.

Measured FSI values Measured CSI values Component index values used in MHSI

Type na x̄ SE x̄ SE FSI CSI DSI

Shrub 76 0.69 0.02 0.69 1.00 1.00
Forest 107 0.37 0.02 0.36b

0.36b
1.00 1.00

Open dunes 24 0.34 0.03 0.04 0.01 0.04 0.00
Developed 101 0.14 0.01 0.07 0.01 0.14 0.07 0.00
Road 47 0.10 0.01 0.10 0.00 0.00
Golf course, salt marshc, sand 0.05 0.00 0.00
Water 0.00 0.00 0.00

a No. of sites sampled to calculate mean measured component index values.
b Calculated from pooled data because mean FSI did not differ between forest and open dunes (pooled SE 5 0.02).
c Areas of salt marsh ,150 m from upland habitats.

Figure 3. Raster grid of modified habitat suitability index (MHSI) for bobcats on Kiawah Island, South Carolina, USA, 2004–2005.
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Additionally, trapping efforts showed cotton rats (98
captures in 2,872 total trap-nights) were more than twice
as abundant in shrub (C/E 5 0.033) than in open dune or
forest, which were similar (C/E 5 0.012 for both). We were
able to document the location of 6 bobcat dens during
2004–2005 with corresponding DSImw values of 0.47, 0.51,
0.81, 0.81, 0.84, and 1.0.

DISCUSSION

Based on our research of bobcat ecology, KINHC is using
the bobcat as a flagship and umbrella species for habitat
preservation on Kiawah Island (Caro and O’Doherty 1999,
Roberts 2007). The umbrella species approach to habitat
conservation has come under some scrutiny in the literature
because the habitat needs of the umbrella species do not
always encompass all habitat requirements of the suite of
species or wildlife community it is meant to represent
(Andelman and Fagan 2000, Roberge and Angelstam 2004).
However, we believe the bobcat is a justified umbrella
species for initial habitat preservation efforts on Kiawah
Island. If patches of habitat that fulfill all life requisites of
the bobcat can be preserved, then portions of virtually all

upland habitats at risk from development (e.g., maritime
forest, maritime shrub, and salt shrub) on Kiawah Island will
be preserved.

Although the Boyle and Fendley (1987) model (FSI)
was never officially validated, our data suggests it performs
well. The habitat use versus availability analysis during
nocturnal time periods suggests FSI adequately represent
the food suitability of the defined land-cover types for
bobcats on Kiawah Island. Additionally, the consistent
relationship between land-cover type–specific cotton rat
abundance and mean FSI (i.e., shrub was twice as
important as forest or open dune, which were similar)
reinforces the use of FSI as a representation of cotton rat
availability in this analysis. The importance of shrub land
cover in our analysis is consistent with other studies of
bobcat habitat suitability or habitat selection that have
identified shrubby, or otherwise dense early succession,
habitats as important (Rolley and Warde 1985, Litvaitis et
al. 1986, Anderson 1990, Conner and Leopold 1998,
Kolowski and Woolf 2002). Similarly, the habitat use
versus availability analysis during diurnal time periods
suggests CSI adequately represented cover suitability for
bobcats on the island. These results coincide with those
from a concurrent study of bobcat ecology on Kiawah
Island and other studies of bobcat ecology in human-
altered landscapes, where bobcats reduced their activity
and selected cover during diurnal periods, presumably to
avoid interactions with humans (Tigas et al. 2002, Riley et
al. 2003, Roberts 2007).

Although we developed the den index based on vegetation
and patch-size characteristics at documented bobcat den
sites, the output DSImw did not identify all of these den
locations as highly suitable den habitat. One of the den sites
with a DSImw value ,0.8 was located on the edge of a large
(.2 ha) contiguous patch of suitable den habitat (i.e., forest
or shrub) and the other was located in a large, irregular-
shaped patch of suitable habitat surrounded by salt marsh,
both of which were perceived as less suitable within the
square moving-window. Although the square moving-
window analysis devalued suitable denning habitat that
occurred in irregular shapes or along the edge of large
parcels, we believe it was the best choice for calculating den
suitability in MHSI. Because female bobcats on Kiawah
Island tended to select patches comprised primarily of core
habitat, and most of the undeveloped patches on the island
were square to rectangular in shape (e.g., platted parcels),
this strategy more accurately represented observed den-site
selection than simply declaring all .2-ha patches of shrub
or forest land cover, of any shape, suitable for denning (DSI
5 1.0). Therefore, we recommend using a minimum
threshold on MHSI, or any habitat suitability index
incorporating a moving-window analysis, when the objective
is to identify areas that will provide for multiple life
requisites. For example, calculating MHSI from the lowest
documented DSImw value at a bobcat den site (0.47) and the
lowest possible FSI (0.37) and CSI (1.0) values at a suitable
den site (forest or shrub) as a minimum threshold of habitat
suitability, we could identify areas that have the potential to

Figure 4. Comparisons of (A) nocturnal (% of 68 6 5.4 locations/bobcat),
and (B) diurnal (% of 85 6 4.6 locations/bobcat) bobcat habitat use versus
availability (% of 95% fixed-kernel home range), summed over all bobcats,
on Kiawah Island, South Carolina, USA, 2004–2005. Land-cover types are
represented categorically by mean food suitability (FSI) and cover suitability
(CSI) index values (Table 1) to assess validity of component indices.
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benefit all bobcat life requisites on Kiawah Island (areas of
.0.5 MHSI).

Based on research on effects of habitat fragmentation and
human disturbance on bobcat ecology in other portions of
the United States (Lovallo and Anderson 1996, Nielsen and
Woolf 2001, Crooks 2002, Tigas et al. 2002, Riley et al.
2003), the abundant bobcat population on Kiawah Island is
unique. Therefore, the bobcat may not suffice as a focal
species for habitat preservation in many suburban environ-
ments and life requisites of other more location-appropriate
species could be considered with this framework.

MANAGEMENT IMPLICATIONS

As the human population continues to grow, habitat
fragmentation continues to alter natural landscapes, and
habitat preservation organizations attempt to preserve
wildlife habitat within and around this habitat matrix,
wildlife biologists should make tools available to these
organizations to optimize their efforts. Because few land-
trust organizations have the resources available to employ a
full-time biologist, these tools should be effective in their
purpose but also easy to apply by land-trust staff with
minimal to moderate ecology and GIS training.

We have shown that MHSI is an easily applied, useful tool
to identify the most important land-cover types for bobcats
on Kiawah Island and help prioritize habitat preservation
opportunities based on this relationship. Our methodology
for habitat prioritization could easily be altered to consider
habitat requirements of other species or multiple species
(i.e., the focal-species approach; Lambeck 1997) at virtually
any location for which life-requisite and fine-scale land-
cover data are available. Financial costs associated with
varying land-preservation opportunities could also be
combined with MHSI to further optimize the use of
funding available for habitat preservation.

In addition to the ecological benefits of prioritizing
preservation opportunities with MHSI, we found that
our assessment of bobcat habitat suitability was valuable
to the local land-trust organization in their public
education and fund-raising activities, resulting in additional
opportunities for land preservation (Roberts 2007). These
indirect effects of establishing a biologically based frame-
work for land preservation can likely be realized in most
locales.
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