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correct. Although funds for more extensive accuracy evalua-
tions were curtailed by the Parks, it is estimated that the av-
erage overall classification accuracy averages better than 85
percent for the entire study area.

ORV Trails in Big Cypress National Preserve

Big Cypress National Preserve is a 2,950-km* area just north
of Everglades National Park, containing primarily cypress
forest, pine forest, and graminoid prairies (see Figure 1). The
Preserve was created in 1974 within the framework of the
National Park System to manage human activities such as
hunting, fishing, oil and gas exploration, cattle grazing, and
ORV use while maintaining the natural, recreational, and aes-
thetic values of the area. Much of the area is inaccessible by
roads, and users of the Preserve rely heavily on ORVs to ac-
cess private in-holdings and to partake in the recreational ac-
tivities for which the Preserve was created (Tebeau, 1966;
Duever et al., 1981).

Duever et al. (1986) mapped ORV trails from aerial pho-
tographs acquired in 1940, 1953, and 1973. Although these
maps are valuable records of historical ORV use in Big Cy-
press, they do not document current conditions within the
Preserve. Also, these maps depict heavy-use trails visible on
the small-scale aerial photographs employed for the project.
In 1953, 250 km of trails had been mapped and were mainly
attributed to logging activities. By 1973, over 1,100 km of
trails were visible on the aerial photographs and attributed to
increased recreational ORV use. Since 1974, ORV use has in-
creased greatly, and in recent years the volume and particu-
larly the impact of this use has been difficult to determine.
Consequently, the objective in the current study was to em-
ploy the CIR aerial photographs recorded in 1994/1995 to de-
velop a current and comprehensive ORV trail database for the
entire Big Cypress area, along with summary statistics on the
total length of ORV trails by class and management unit and
an assessment of the impact of ORV trails on vegetation.

ORV Trail Database Development

Using procedures previously developed by the GRMS for
mapping Everglades vegetation, ORV trails were interpreted
from the 1:10,000-scale enlarged prints of the 1994/1995 CIR
NAPP air photos and delineated on the overlays. Ground con-
trol points were then transferred to the overlays and deline-
ated trails were scanned, vectorized, and registered to the
UTM ground coordinate system referenced to NAD 83. In order
to be compatible with the Everglades vegetation database,
ORV digital vector data were converted to ARC/INFO format,
and coverages corresponding to the USGS 1:24,000-scale topo-
graphic quadrangles within Big Cypress were compiled. On a
quad basis, ORV trail coverages were then edited and attrib-
uted to distinguish trail classes, major roads, and canals.

The trails were classified according to the intensity of
use as primary (20 to 30 m wide on the ground), secondary
(10 to <20 m wide), and tertiary (3 to <10 m wide). Areas of
intense ORV rutting with a high density of braided trails that
could not be individually delineated as linear features or
form an excessively complex network of trails were outlined
as polygon features and designated as “high impact” areas
(Plate 3). It should be noted that in some cases, because of
their similar appearance, linear features such as section lines
or trails created by wildlife may be included as ORV trails.
These, however, would account for only a small percentage
of the total number or lengths of trails. In addition, the exact
age of trails and whether or not the trails are currently in use
could not be readily determined from the aerial photographs.
Therefore all trails visible on the photographs were mapped
and included in the database.

The ORV trails were observed on the ground and during
helicopter missions conducted in support of the on-going
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Everglades vegetation mapping project. However, due to
budgetary constraints, funds for separate helicopter flights to
verify ORV trail interpretations were not provided by the Pre-
serve. It was determined that any detailed ground checks
deemed necessary to verify trails were to be conducted by
Big Cypress National Preserve personnel.

A total of 32 hardcopy maps of ORV trails corresponding
to quad areas were plotted at 1:15,000 scale to depict the de-
tail of delineated trails. These maps are color-coded accord-
ing to ORV trail class, and high impact areas are shaded gray
(see Plate 3).

Summary Statistics of ORV Trail Length

Summary statistics for the total length of ORV trails were tal-
lied by ORV trail class using the ARC/INFO Frequency com-
mand. Areas of high impact delineated on the maps as
shaded polygons also were summarized and converted to a
linear measure of trail length using a conversion factor of
0.03 m of trail length per m? of high impact area. This con-
version was determined by selecting nine high impact areas
(4 to 110 ha in size) within which all trails were delineated.
The ratio of the total length of trails to the polygon area
ranged from 0.026 to 0.045 and averaged 0.03 m/m? Using
this conversion factor, the total area of high impact was con-
verted to linear trail length. A coverage of Big Cypress ORV
management units obtained from the Preserve was then used
to clip the ORV trail database in ARC/INFO (Figure 2). The to-
tal lengths of primary, secondary, tertiary, and high impact
ORV trails by management unit are summarized in Table 1.
The most common class of ORV trail is tertiary, with these
trails totaling 32,626 km. Primary and secondary trails total
65 and 367 km, respectively. These ORV class totals, com-
bined with 14,899 km of high impact trails, yielded a grand
total of 47,958 km of ORV trails in the Preserve.

Overall, the units most heavily impacted by ORVs are
Turner River, Stairsteps, Corn Dance, and the NE Addition
Area. It is interesting to note that, although the Loop ORV
management unit has been officially closed to ORV traffic for
the past 20 years, over 3,545 km of trails were identified in
this area. It is believed that the trace of abandoned trails re-

Bear Island
NE Addition Area

West Addition Area

Figure 2. ORV management units within Big
Cypress MNational Preserve.
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Tapie 1. TotaL LEncTH of ORV Trais By ORV ManaGeMENT Units in Big
CyPRESS NATIONAL PRESERVE

High
Primary Secondary Tertiary Impact Total
ORV Trail Trail Trail Trail  Length of
Management  Length  Length Length Length  All ORV
Unit (km) (km) (km) (km)  Trails (km)
West Addition
Area 1] 5.3 770.2 662.2 1437.7
Deep Lake 0 2.9 1029.3  1211.6 2243.8
Bear Island 0 40.3 1588.9 894.2 2523.4
NE Addition
Area 53.0 108.7 5932.0 861.8 6955.5
Turner River 0 56.3 7311.3 5926.0 13293.6
Corn Dance 0.1 25.1 6910.2 1639.1 B8574.5
Loop 0.1 0 3291.5 253.6 3545.2
Stairsteps 11.8 128.3 5792.9 3451.1 9384.1
Total 65.0 367.0 32626.4 148994 47957.8

mains visible from the air for many years and trails can be
interpreted from aerial photographs even after detection on
the ground is difficult.

Vegetation Types Impacted by ORV Trails

Because both the ORV trail and vegetation data sets are cast
on the same ground coordinate system, UTM NAD 1983, and
correspond to the USGS 1:24,000-scale map series, overlay
commands were easily implemented to determine the spatial
coincidence between the two data sets. Four representative
quadrangles were selected for the analysis of ORV impact on
vegetation analysis. Extending from north to south and lo-
cated in the center of the Preserve, ORV trails in the Whid-
den Lake, Airplane Prairie, Monroe Station NE, and Gator
Hook Swamp quadrangles were intersected with correspond-
ing vegetation coverages. Summary statistics were then com-
piled to determine the total length of primary, secondary,

tertiary, and high impact trails that passed through each veg-
etation community classified according to the Everglades
Vegetation Classification System. These data were collapsed
to summarize vegetation into nine vegetation types, namely,
exotics, hardwood forest, mangrove forest, cypress forest, cy-
press savanna, pine savanna, hardwood scrub/shrub, man-
grove scrub, and prairie. Additional classes include human
influence (e.g., camps) and small water bodies.

An analysis of spatial coincidence between ORV trails
and vegetation communities in the four quad area revealed
trails cross many different types of vegetation, from hard-
wood forests and mangrove scrub to open prairies. Prairie
communities were most often crossed (3,344 km), followed
by cypress forest (2,774 km) and cypress savanna (2,213 km),
Total trails found in various plant communities within the
four quad area are presented in Figure 3.

Conclusion

This project has resulted in the compilation of a seamless
digital vegetation map database for the 10,000-km? area occu-
pied by Everglades National Park, Big Cypress National Pre-
serve, Biscayne National Park, and the Florida Panther
National Wildlife Refuge that is keyed to the 80 USGS
1:24,000-scale topographic quadrangles covering the Parks. In
addition, a database delineating some 47,958 km of off-road
vehicle (ORV) trails in Big Cypress National Preserve has
been developed. In both instances, 1:15,000-scale map prod-
ucts have been produced from the databases.

Construction of the databases required the integration of
GPS, remote sensing, and GIS technologies and demonstrated
the possibilities for (1) utilizing SPOT satellite images to es-
tablish the control necessary to rectify CIR aerial photo-
graphs; (2) employing the three-tiered Everglades Vegetation
Classification System developed especially for use with re-
motely sensed data; and (3) using linked, real-time GPS posi-
tioning and satellite image display techniques to aid in the
navigation of a helicopter and the collection of ground truth
necessary for the interpretation of the aerial photographs. It
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Figure 3. Impact of ORV trails on vegetation communities within the usGs Whidden
Lake, Airplane Prairie, Monroe Station NE, and Gator Hook Swamp topographic
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also clearly proved the efficiency for combining conventional
analog photointerpretation techniques with computer-based
scanning and data transformation procedures to create vege-
tation and ORV trail coverages of excellent geometric and the-
matic accuracy that could be edited and attributed within
ARC/INFO.

It is anticipated that the databases and maps for the
Everglades will provide baseline information on the distribu-
tion patterns for vegetation within the Parks and the current
status of ORV trails within Big Cypress National Preserve.
The vegetation database can be used for a variety of applica-
tions, such as monitoring changes in vegetation patterns due
to hurricanes, fire, flooding, pollution, and the invasion of
exotic plant species. It will allow modeling the impact of
man’s activities on the distribution of vegetation patterns
within the Parks. The ORV trail database documents the spa-
tial patterns of ORV utilization in Big Cypress National Pre-
serve and should prove valuable for monitoring the effective-
ness of future ORV use and permitting procedures. With
increased attention being given to the preservation of natural
resources and wildlands, it is hoped that the Parks will de-
vote the resources necessary to explore the applications of
the Everglades databases, and to maintain their currency and
accuracy.
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