
Proceedings of the South Dakota Academy of Science, Vol. 80 (2001) 201

USE OF THE USDA FOREST SERVICE GEOGRAPHIC
INFORMATION SYSTEM FOR DETERMINING
COVER TYPE USE BY WHITE-TAILED DEER 

Christopher S. DePerno
Minnesota Department of Natural Resources

Farmland Wildlife Populations and Research Group
Madelia, MN 56062

Jonathan A. Jenks
Department of Wildlife and Fisheries Sciences

South Dakota State University
Brookings, SD 57007

Steven L. Griffin
South Dakota Department of Game, Fish and Parks

Rapid City, SD 57702

Robert W. Klaver
Department of Wildlife and Fisheries Sciences

South Dakota State University
Brookings, SD 57007

USGS EROS Data Center
Sioux Falls, SD 57198

ABSTRACT

Cover type use by white-tailed deer (Odocoileus virginianus dacotensis) in
the central Black Hills of South Dakota was compared to the United States De-
partment of Agriculture (USDA) Forest Service digital data using a Geographic
Information System (GIS).  Cover types were determined from observations of
radiocollared deer and random locations and from corresponding point loca-
tions in the Forest Service digital data.  Cover type information was collected
at 3,145 white-tailed deer locations and 1,044 random locations.  On winter
range, cover types determined from observations of radiocollared deer includ-
ed pine (Pinus ponderosa), pine-deciduous, aspen (Populus tremuloides), as-
pen-coniferous, burned pine, and meadows; cover types determined from For-
est Service data included pine, aspen, grasslands, and private land.  On sum-
mer range, cover types determined from observations of radiocollared deer in-
cluded pine, pine-deciduous, aspen, aspen-coniferous, white spruce (Picea
glauca), white spruce-deciduous, and meadows; cover types determined from
Forest Service digital map data included pine, aspen, grasslands, and private
land.  Cover types used by white-tailed deer compared to the Forest Service
data resulted in 42% agreement on summer range and 62% agreement on win-
ter range.  On winter and summer range, Forest Service data tended to over-
estimate ponderosa pine and aspen habitats used by white-tailed deer, while
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failing to account for mixed (secondary) cover types.  To improve the accura-
cy of habitat management decisions relative to white-tailed deer, the Forest Ser-
vice GIS would be strengthened if mixed (secondary) cover type classifications
were included in the database.
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INTRODUCTION

Geographic Information Systems (GIS) are a powerful set of tools for col-
lecting, storing, retrieving, transforming, and displaying spatial data for a partic-
ular set of purposes (Burrough 1986).  A GIS has many benefits and is particu-
larly helpful in the analysis of spatial relationships within habitat selection anal-
yses (Tomlin et al. 1988).  A GIS automates the process of integrating maps and
databases of diverse geographic features (Johnson 1995) and is an excellent tool
for producing maps of different scales and colors (McLaren and Braun 1993).

The United States Department of Agriculture (USDA) Forest Service uses an
overstory based GIS in forest management decisions.  Because the white-tailed
deer (Odocoileus virginianus dacotensis) herd has declined (DePerno 1998, De-
Perno et al. 2000) in the central Black Hills and because habitat selection is
known (DePerno et al. In press) it is important to understand how cover type
information contained in the Forest Service GIS compares to cover types used
by white-tailed deer.  This information will aid our understanding of the rela-
tionship between deer habitat use and the GIS presently used to make forest
management decisions in the central Black Hills of South Dakota and Wyoming.

Effective management of wildlife populations largely depends on under-
standing and predicting habitat needs (Clark et al. 1993).  In the northern Black
Hills, it was determined that comparisons of habitat proportions within white-
tailed deer home ranges and core areas did not differ from randomly derived
home ranges (Nelson 1995, Nelson and Jenks 1995).  Furthermore, these au-
thors indicated the USDA Forest Service stand maps and site data lacked the
detail necessary for defining habitat availability in the northern Black Hills.  Da-
ta provided by the Forest Service consisted of a single cover type layer, where-
as variables such as understory and cover-type mixes were absent (Nelson
1995, Nelson and Jenks 1995).  Therefore, our objective was to compare cov-
er types used by white-tailed deer (DePerno 1998, DePerno et al. In press) with
the GIS presently used by the Forest Service to make critical management de-
cisions within the central Black Hills.

STUDY AREA

The Black Hills is an isolated mountainous area in western South Dakota
and northeast Wyoming that extends approximately 190 km north to south and
95 km east to west (Petersen 1984).  Elevation of the Black Hills ranges from



Proceedings of the South Dakota Academy of Science, Vol. 80 (2001) 203

973 - 2,202 m above mean sea level (Orr 1959, Turner 1974).  Annual mean
temperatures are typical of a continental climate and range from 5–9ºC with ex-
tremes of -40–44ºC (Thilenius 1972).  Mean annual precipitation ranges from
45–66 cm (Orr 1959) and yearly snowfall may exceed 254 cm at higher eleva-
tions (Thilenius 1972).

The central Black Hills study area (43º 52’ N to 44º 15’ N – 104º 07’ W to
103º 22’ W) includes Pennington and Lawrence counties of South Dakota and
Crook and Weston counties of Wyoming.  The study area is composed of sep-
arate winter and summer ranges used by migratory white-tailed deer (DePerno
1998, DePerno et al. 2000, Griffin 1994, Griffin et al. 1995, 1999).  Public land
within the study area is managed by the United States Forest Service, within
the Pactola, Harney, and Elk Mountain Ranger Districts, primarily for timber
production and livestock grazing (1 June - 31 October).

Cover type on winter range consists primarily of monotypic stands of pon-
derosa pine (Pinus ponderosa) interspersed with stands of burned pine, quak-
ing aspen (Populus tremuloides), and paper birch (Betula papyrifera) (McIn-
tosh 1949, Orr 1959, Thilenius 1972, Richardson and Petersen 1974, Hoffman
and Alexander 1987).  Cover type on summer range consists primarily of pon-
derosa pine and white spruce (Picea glauca) interspersed with small stands of
quaking aspen (McIntosh 1949, Orr 1959, Thilenius 1972, Richardson and Pe-
tersen 1974, Hoffman and Alexander 1987).

METHODS

White-tailed deer were captured during February and March 1993 - 1996
using modified, single-gate Clover traps (Clover 1956) baited with fresh alfalfa
(Medicago sativa) hay.  Deer were captured on four trap sites located north-
east, northwest, and west of Hill City, South Dakota, on the McVey Burn deer
winter range (Griffin et al. 1995, 1999, DePerno 1998).  Adult and yearling fe-
male (n = 73) and male (n = 12) white-tailed deer were fitted with radiocollars
(Telonics Inc., Mesa, Arizona; Lotek Engineering, Inc. Ontario, Canada), ear-
tagged, aged by lower incisor wear, and released.  Captured fawn white-tailed
deer were ear-tagged and released (Griffin et al. 1995, DePerno 1998).

From July 1993 - July 1996, individual radiocollared deer were visually lo-
cated from the ground 1 - 3 times per week.  Deer were radiotracked at dif-
ferent time periods to maximize observations of diurnal activities (Hayes and
Krausman 1993, Kernohan et al. 1996) and to obtain adequate sample sizes
without violating the assumption of independent observations (White and Gar-
rott 1990).  Kernohan et al. (1996) and Hayes and Krausman (1993) demon-
strated no differences between diurnal and 24-hour habitat use for white-tailed
deer and mule deer, respectively.  Within the central Black Hills, steep hills,
deep draws, and long migration distances limited data collection activities to
diurnal visual observations of deer and prevented the use of other techniques
(e.g., triangulation) for obtaining radiolocations.  Furthermore, because of the
terrain and inaccessibility of many areas, attempts at spotlighting radiocollared
deer to obtain nocturnal data were inefficient and represented a bias toward
deer that were more accessible.  Deer locations were plotted on 7.5-minute US-
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GS topographical maps (scale, 1:24,000) and assigned Universal Transverse
Mercator (UTM) coordinates (Edwards 1969, Grubb and Eakle 1988).

Because separate winter and summer ranges are used by migratory white-
tailed deer (DePerno 1998, DePerno et al. 2000, Griffin 1994, Griffin et al. 1995,
1999), for analyses we stratified data according to seasonal elevation shifts
made by each individual each year (Apps et al. 2001) and assigned each deer
location and the corresponding habitat information to either winter or summer
range.  Habitat information was collected from 400-m2, circular plots centered
on each deer observation site (providing the location of the radiocollared deer
was visually determined without disturbing the animal) and, to obtain a mea-
sure of relative habitat availability, at computer generated random locations
sampled throughout the study area (Marcum and Loftsgaarden 1980, Kennedy
1992).  Information recorded at each deer and random location included: UTM
location (north and east), and dominant overstory tree species.  If ≥2 tree
species provided canopy cover, the species that provided the largest amount
of cover was recorded as the primary forest species; remaining species were
recorded as secondary species.  

The GIS software PC ARC/INFO (Environmental Systems Research Insti-
tute, Inc., Redlands, CA) was used to compare cover types used by radiocol-
lared white-tailed deer and random locations with cover types corresponding
to the 1995 Black Hills GIS digital map data obtained from the USDA Forest
Service.  Basic map information for site polygons included area and cover type.
Cover type information within the Forest Service GIS was primarily determined
by aerial photograph delineation.  The majority of land within the Forest Ser-
vice data was owned by the USDA Forest Service with lesser amounts in pri-
vate holdings.

Deer winter and summer ranges were derived by extracting regions above
and below the 1829 m (6000 ft) contour from the National Elevation Dataset.
The elevation coverage was then used to clip corresponding winter and sum-
mer range areas from the Forest Service digital data.  Deer and random point
locations were generated into separate coverages, overlaid, and intersected
with the clipped winter and summer range coverages; thereby containing cov-
er type information specific to each point location.

Cover types for deer and random point locations were pooled for all years
of the study because of high fidelity to seasonal sites (Progulske and Baskett
1958, Ozoga et al. 1982, Tierson et al. 1985, Kennedy 1992, Nelson 1995).  Cov-
er types associated with deer and random locations were compared to the cor-
responding cover types described by the Forest Service data.  A Chi-square test
of homogeneity was used to determine differences between expected and ob-
served distributions of habitats (Jelinski 1991, Kennedy 1992).  Habitat use (i.e.,
deer) and availability (i.e., randoms) were compared to habitats in the Forest
Service data (Neu et al. 1974, Byers et al. 1984, Kennedy 1992).  Significance
levels for 90% confidence intervals were determined using the Bonferroni
method (Neu et al. 1974, Byers et al. 1984).  All analyses were performed us-
ing SYSTAT (Wilkinson 1990).



Proceedings of the South Dakota Academy of Science, Vol. 80 (2001) 205

RESULTS

In the central Black Hills, typical autumn migration for white-tailed deer is
in a southeast direction from high elevation summer ranges to low elevation
winter ranges and generally occurs between August and February (DePerno
1998, Griffin et al. 1999).  Typical spring migration is in a northwest direction
from low elevation winter ranges to high elevation summer ranges and gener-
ally occurs between 17 and 23 May (DePerno 1998, Griffin et al. 1999).

Between July 1993 and July 1996, cover type information was collected at
3,145 deer locations and, to obtain a measure of relative habitat availability, at
1,044 computer generated random locations sampled throughout the study
area.  Excluded from analyses were data on one radiocollared male that re-
mained on winter range throughout the year and one radiocollared female that
demonstrated an abnormal migration pattern (DePerno et al. 1997).

On winter range, white-tailed deer used areas that were predominantly
pine or pine-deciduous (Table 1).  Meadows, burned pine stands, aspen, and
aspen-coniferous habitats accounted for ~17% of 1,538 locations.  When deer
locations were overlaid, the corresponding data provided by the Forest Service
indicated that white-tailed deer primarily used areas dominated by pine, aspen,
and private land (Table 1).  On winter range, cover types used by white-tailed
deer compared to the Forest Service data resulted in 62% agreement.  On sum-
mer range, white-tailed deer used areas that were predominantly pine or pine-
deciduous (Table 2).  Spruce, spruce-deciduous, aspen, and aspen-coniferous
habitats were used at moderate levels.  When deer locations were overlaid, the
corresponding data provided by the Forest Service indicated that white-tailed
deer primarily used areas dominated by pine, aspen, and spruce (Table 2).  On
summer range, cover types used by white-tailed deer compared to the Forest
Service data resulted in 42% agreement.

Because the Forest Service database did not account for secondary cover
types (Tables 1, 2), we combined mixed stands with primary cover types prior
to conducting analyses.  During winter, cover characteristics (Tables 3, 4) var-
ied for deer (χ2 = 189.42, df = 4, P < 0.001) and random locations (χ2 = 91.00,

Table 1. Cross-tab comparison of white-tailed deer and USDA Forest Service cover
types for winter range in the central Black Hills, South Dakota and Wyoming, 1993-1996.

USDA FOREST SERVICE COVER TYPE
White-tailed Deer Cover Type Pine Aspen Grassland Private Total

Pine 939 40 14 67 1060
Pine-Deciduous 189 13 2 8 212
Aspen 18 10 1 2 31
Aspen-Coniferous 21 8 0 2 31
Spruce 0 0 1 2 3
Burned Pine 109 0 1 0 110
Meadows 41 6 6 38 91

Total 1317 77 25 119 1538
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Table 2. Cross-tab comparison of white-tailed deer and USDA Forest Service cover types
for summer range in the central Black Hills, South Dakota and Wyoming, 1993-1996.

USDA FOREST SERVICE COVER TYPE
Grass- Poa

White-tailed Deer Cover Type Pine Aspen Spruce land Grassland Private Total

Pine 586 20 16 2 2 86 712
Pine-Deciduous 213 28 2 6 1 83 333
Aspen 26 31 0 0 0 32 89
Aspen-Coniferous 67 33 2 3 1 36 142
Spruce 118 7 57 4 1 29 216
Spruce-Deciduous 43 10 19 1 1 16 90
Burned Pine 1 0 0 0 0 0 1
Meadows 11 1 0 1 1 10 24

Total 1065 130 96 17 7 292 1607

Table 3. Comparison of cover characteristics for white-tailed deer locations on winter
range in the central Black Hills, South Dakota and Wyoming, 1993-1996, as determined
by deer use data and USDA Forest Service Geographical Information System (GIS)
stand data.

Deer Location Data Forest Service Data (90% CI)
Cover Type (n = 1335) (n = 1335)

Pine/Pine-Deciduous 89.66 + 85.32 (82.89-87.47)
Aspen/Aspen-Coniferous 4.05 5.17 (3.84-6.74)
Spruce/Spruce-Deciduous 0.30 0.00 (0.00-0.33)
Meadows 5.99 + 1.65 (0.93-2.63)
Private Land 0.00 - 7.87 (6.22-9.73)

Table 4. Comparison of cover characteristics for random locations on winter range in
the central Black Hills, South Dakota and Wyoming, 1993-1996, as determined by ran-
dom habitat data and USDA Forest Service Geographical Information System (GIS)
stand data.

Randoms Forest Service Data (90% CI)
Cover Type (n = 483) (n = 483)

Pine/Pine-Deciduous 81.78 80.12 (75.31-84.21)
Aspen/Aspen-Coniferous 4.76 3.93 (2.07-6.53)
Spruce/Spruce-Deciduous 1.24 0.41 (0.00-1.72)
Meadows 12.22 + 4.76 (2.69-7.54)
Private Land 0.00 - 10.56 (7.40-14.30)
Not Identifieda 0.00 0.21 (0.00-1.36)

a dominant cover type not identified but determined to be water (WAT) by the USDA Forest
Service GIS database.
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df = 5, P < 0.001).  Similarly, during summer, cover characteristics (Tables 5, 6)
varied for deer (χ2 = 270.16, df = 4, P < 0.001) and random locations (χ2 =
93.99, df = 5, P < 0.001). 

On winter range, white-tailed deer were located in pine and meadow habi-
tats in proportions greater than the corresponding Forest Service data (Table
3).  Meadows were categorized for random locations at greater levels than the
corresponding Forest Service data (Table 4).  On summer range, white-tailed
deer were located in aspen and spruce areas in proportions greater than those
occurring in Forest Service data, while using pine habitats less than those oc-
curring in Forest Service data (Table 5).  Spruce and meadows were catego-
rized for random locations at greater levels than the corresponding Forest Ser-
vice data (Table 6).

Table 6. Comparison of cover characteristics for random locations on summer range in
the central Black Hills, South Dakota and Wyoming, 1993-1996, as determined by ran-
dom habitat data and USDA Forest Service Geographical Information System (GIS)
stand data.

Randoms Forest Service Data (90% CI)
Cover Type (n = 561) (n = 561)

Pine/Pine-Deciduous 71.84 75.58 (70.87-79.73)
Aspen/Aspen-Coniferous 5.88 3.74 (2.04-6.07)
Spruce/Spruce-Deciduous 9.80 + 5.88 (3.70-8.64)
Meadows 12.48 + 5.70 (3.56-8.43)
Private Land 0.00 - 8.56 (5.91-11.74)
Not Identifieda 0.00 0.54 (0.04-1.77)

a dominant cover type not identified but determined to be water (WAT) and non-vegetated sites
(NFL) by the USDA Forest Service GIS database.

Table 5. Comparison of cover characteristics for white-tailed deer locations on summer
range in the central Black Hills, South Dakota and Wyoming, 1993-1996, as determined
by deer use data and USDA Forest Service Geographical Information System (GIS)
stand data.

Deer Location Data Forest Service Data (90% CI)
Cover Type (n = 1231) (n = 1231)

Pine/Pine-Deciduous 64.58 - 73.84 (70.78-76.68)
Aspen/Aspen-Coniferous 13.08 + 8.53 (6.75-10.54)
Spruce/Spruce-Deciduous 20.80 + 6.74 (5.16-8.57)
Meadows 1.54 1.63 (0.89-2.65)
Private Land 0.00 - 9.26 (7.41-11.34)
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DISCUSSION

Quality of GIS analyses depends as much on the accuracy of the digital
maps as the habitat factors (Donovan et al. 1987, Lyon 1983, Stoms et al. 1992,
Nelson 1995 Nelson and Jenks 1995).  Different levels of map and data detail
may be necessary to obtain satisfactory modeling results and the effectiveness
of a GIS as a management tool depends largely on the quality of data used
(Stoms et al. 1992, Nelson and Jenks 1995).  However, erroneous models could
result from inaccurate animal locations and misclassification of habitat types
(Donovan et al. 1987, Lyon 1983, Stoms et al. 1992).

On winter and summer range, Forest Service data tended to overestimate
ponderosa pine and aspen habitats used by white-tailed deer, while failing to
account for mixed (secondary) cover types (Tables 1, 2).  For instance, in the
Forest Service database pine-deciduous and aspen-coniferous stands are not
distinguishable from pine or aspen stands, respectively.  Additionally, the For-
est Service data failed to characterize burned pine habitats.  Meadow habitats,
although not specifically designated in the Forest Service data, were character-
ized as grass habitats (GRA) and bluegrass dominated habitats (GPO).  Fur-
thermore, habitats on private lands were not identified in the Forest Service
database (Tables 1–6).

On winter range, when mixed (secondary) cover types were combined with
primary cover types, pine habitats were more abundant at deer locations than
in the corresponding Forest Service data (Table 3).  On winter range, meadows
were more abundant at deer and random locations than in corresponding For-
est Service data (Tables 3, 4).  On summer range, aspen, spruce, and meadow
habitats were more abundant at deer and random sites than in the correspond-
ing Forest Service data (Tables 5, 6).  Many of the meadows and aspen stands
occupied by white-tailed deer were small and may not have been evident in the
aerial photographs used by the Forest Service or too large of a minimum map-
ping unit was used to develop their GIS data base.  Moreover, it may be diffi-
cult to distinguish spruce and ponderosa pine from aerial photographs.

Cover types classified by the Forest Service lack the detail necessary for
defining habitats used by white-tailed deer and available at random sites in the
central Black Hills (Tables 1, 2).  Deer and random data included mixed-cover
characteristics that were absent in the Forest Service digital data.  Such under
representation of habitats could be related to a failure to recognize the finer
scale habitat features that occur within a larger habitat type (Stoms et al. 1992).
Poor quality of cover types classified in the Forest Service GIS should be rec-
ognized and accounted for in future analyses and management decisions.
However, improvements have recently been made to the Forest Service
database.  Nevertheless, if mixed cover types are not considered in habitat clas-
sification, a stand with secondary cover layers could be labeled as one uniform
stand (Nelson 1995, this study).  To improve the accuracy of habitat manage-
ment decisions relative to white-tailed deer, the Forest Service GIS would be
strengthened if mixed (secondary) cover type classification were included in
the database or if a smaller minimum mapping unit was used.  In the spirit of
cumulative effects analysis as required by the National Environmental Protec-
tion Act (NEPA) and ecosystem management (Boyce and Haney 1997), we rec-
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ommend gathering data in the Black Hills without regard to landownership
(i.e., the USDA Forest Service should gather information on public and private
lands).
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