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RESPONSES TO RESULTS OF LAND USE MONITORING AND SEASONAL
AERIAL PHOTOGRAPHIC MAPPING OF GALVESTON ISLAND, TEXAS

1 2 3
Carolyn A. Clark , Arthur R. Benton, Jr. , and Wallace W. Snell

INTRODUCTION

A detailed, cartographically-illustrated study to document the im
pact of urban growth on the dune and marsh ecology was undertaken on
Galveston Island, Texas in 1977. Its purpose was to provide the City of
Galveston with the environmental documentation needed to oversee and
direct the future development of the island, reconciling the conflicting
pressures from developers, commercial fishermen, and environmentalists.
Aerial color infrared photography was taken seasonally to monitor vege
tation changes and, it turned out, erosion processes. Ground truth fol
lowed each aerial photographic session to verify land use, beach and
dune erosion, and vegetation type and condition.

Galveston Island is a long, narrow, barrier beach nearly thirty
miles long and varying in width from about one-half mile to about three
miles. It fronts on the Gulf of Mexico approximately fifty miles south
east of Houston. Galveston is the island's sole city and only in the
past two years was the west end of the island taken into the city lim
its. Galveston was an active port by the end of the eighteenth century,
but no significant growth occurred until the latter part of the nine
teenth century, when it became the center of Texas commerce and remained
so through the early 1900's. The island has weathered at least ten dam
aging hurricanes, the worst being that of 1900 with winds of up to one
hundred twenty miles per hour and storm tides of fourteen and one-half
feet above mean sea level, resulting in the death of six thousand people
(McCloy & Scrudato, 1976, Herbich & Hales, 1970). A seventeen foot high
seawall was subsequently built and the level of the land area behind it
elevated with dredge material so there would be some protection from fu
ture hurricanes. Present elevations behind the seawall exceed twenty
feet in many areas. The seawall was later extended in segments to the
present length of approximately ten and one-third miles. Long jetties
were constructed north and south of the harbor entrance, radically al
tering the natural flow of sediments and, while protecting the channel,
the jetties have resulted in dramatic accretion to the east end of the
island. A series of fifteen groins was constructed approximately fif
teen hundred feet apart along the seawall to entrap sediments.
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The channel for the Port of Galveston is dredged to maintain a for
ty foot depth and the dredge material is deposited on Pelican Island
(McCloy and Scrudato, 1976).

The urban area of Galveston, concentrated on the east end, now cov
ers about a third of the island. A condominium, hotel, trailer park,
and various recreation concessions are scattered along East Beach and
trailer parks and numerous housing developments occur throughout the
west portion of the island.

INTERIM REPORT

In order to disseminate some of the early results of this project,
a paper (Benton et al_., 1978) was written for presentation at the Ameri
can Society of Civil Engineers' Coastal Zone '78 symposium at San Fran
cisco in March 1978. A copy of the paper was forwarded to the Galveston
Marine Affairs Council in early January 1978 as an interim project re
port. The paper so alarmed Galveston city officials that it had become
widely read, picking up the local title of "The Benton Report", well be
fore the actual presentation in San Francisco. This report revealed:
(1) drastic rates of erosion on West Beach, especially near the San Luis
Pass-Vacek Bridge; (2) grossly overgrazed rangelands along the west end
of the island; (3) destruction of wetlands, dunes, and inland meadows
by the continuing construction of beachfront homes and residential de
velopments with extensive access channel systems; (4) extreme vulner
ability of the west end of the island due to man's activities which are
taking their toll on soil stability and wetland condition.

Because of the interest and controversy generated by this report,
it has been presented repeatedly: to the Galveston Marine Affairs Coun
cil in February 1978; to NASA - Ames Research Center in March 1978; to
the Sea Grant Program at Texas ASM University in March 1978; to the
American Institute of Planners, Texas Section, in Beaumont, Texas, in
April 1978; to "The Week in Galveston," Channel 11-TV, Houston, Texas,
in July 1978; to the Galveston County Conmissioners Court in July 1978;
and to the Association of Student Planners, Texas A&M University, Sep
tember 1978. It has also been presented to two classes at Texas A&M
University.

On 26 June 1978 the Galveston Marine Affairs Council had Col. Jon
C. Vanden Bosch, District Engineer, Galveston District, U. S. Army Corps
of Engineers, give a presentation on the Corps' position regarding the
erosion of the shoreline. The Council considered it essential to hear
the Corps' position in view of the information on erosion which had been
developed in the Benton study. On 13 July 1978 Ray Quay of Planning
and Traffic, City of Galveston, presented a review with comments of the
"Benton Beach Erosion Report" to the Galveston Marine Affairs Council.

The Science Incorporated forums at the Rosenberg Library have had
such topics as "Wetlands Management: How Should West Galveston Island
be Developed?", "Beach Management: Are Vehicles to be Permitted on the
Beaches?", and "Hurricane Evacuation: Is it Possible from Galveston?"
These forums were videotaped and have been shown on local television
more than once this summer.
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BEACH EROSION

Erosion southwestward of the end of the seawall is clearly visible
on 1977 photography. The seawall was extended to its present length
in the late 1960's and at that time the shoreline coincided with the
waterline at the face of the seawall. Today the shoreline has eroded at
least two hundred feet landward of the seawall. This measurement was

made in March 1978 at the time of the winter erosional maximum.

Continuing southwest along the beach, rates of erosion vary. To
ward the southwest end of the island, motorized vehicular trails which
were fifty feet off the bluff line in March 1977 had sloughed into the
eroding beach by July 1977. At the southwest tip of the island near the
toll plaza, the bluff line eroded one hundred feet between March and
December of 1977.

The grossly overgrazed meadows and pastures have added their input
to the erosion problem. The entire end of the island has been so badly
overgrazed for so long that few of the native perennial grasses are left
and much bare ground exists. Along the beach, fenced areas have also
been overgrazed so that native vegetation composition is changed. Also
in this area, the dunes have either been mechanically leveled or denuded
of vegetation by overgrazing so that sand has blown away. There are
very few dunes left on West Beach and the largest are only four to six
feet high.

A good deal of construction has occurred along the bluff/dune line
of West Beach. Usually at the onset of suburban development, the dunes
are leveled and construction is begun on the leveled area. In older
developments erosion has simply allowed the swash from breaking waves to
flow in unimpeded under the stilted houses, bulkheading often having
been destroyed by earlier wave action. In some developments where the
builders have had the wisdom and foresight to leave the dunes intact,
homeowners have themselves removed the dunes. One privately owned area
of bluff along the beach was bulldozed level last winter and lots staked
and advertised for sale. Most of the major subdivisions on the bay side
of the island have a series of channels dredged so that property owners
can keep their boats at "home". In all but one instance these housing
subdivisions have completely eliminated the adjacent Spartina alterni-
flora marshes.

VEHICULAR BAN

At the beginning of the presentation of "Seasonal Aerial Photo
graphic Mapping of Galveston Island" (Benton et al., 1978) to the Gal
veston Marine Affairs Council, the persons present made jokes and com
ments, but as the reality of the ongoing erosion processes and destruc
tion began to penetrate, the room became completely quiet. It seemed
that Galvestonians had eased themselves into a state of complacency
and ignored the possibility of future destructive hurricanes.

Having been shown the accelerated bluff erosion adjacent to vehicu
lar trails along the remaining dunes, as contrasted with an advancing
vegetation line in a barricaded area of beach, the City Council, just
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along the Eckert Bayou wetlands at the proposed subdivision site.

In July of this year, the Galveston Marine Affairs Council recom
mended that the City Council request the U. S. Corps of Engineers to re
quire that a full environmental impact statement on the Mitchell pro
posed subdivisions be performed by someone independent of the Mitchell
interests.

On 5 September 1978 Civil Action G-78-188 was begun in the Galves
ton Division of the United States District Court. Both the plaintiffs
and defendants have called a number of expert witnesses to the stand in
an attempt to show the judge the true nature of the subdivision and to
determine the impact of such a subdivision on the total ecology of the
area. The thrust of the hearing was to seek a declaration by the Court
that the granting, by the Corps of Engineers to the Mitchell Development
Corporation, of a permit to dredge a connecting canal, loop canals, and
finger canals and to erect piers, bulkheads, and boat launches in the
West Galveston Bay area, Eckert Bayou, was in violation of the law.
Judge Cowan interrupted the examination of a witness to enter a prelimi
nary injunction in order that his court will retain its jurisdiction
over the subject matter. Judge Cowan further stated that irreversible
and irretrievable damage had been done by the dredging of an existing
canal which, he stated, was improperly designed. The Court stated that
Mitchell Development Corporation be enjoined (1) from moving any heavy
equipment of any kind, in, around, or on the proposed Pirates' Cove Sub
division, section six, and (2) from cutting any trees or shrubs even for
surveying purposes; and he further ordered that the hearing would be re
cessed until a later date. He also stated that on his own motion he was
accelerating the case so that when the hearing is resumed, it will be a
final hearing on the merits. The manner in which this case is finally
settled will likely have a good deal of influence on future development
of the west end of the island.

In the meantime, the U. S. Army Corps of Engineers and the City of
Galveston are making applications to the state and federal governments
for financial assistance in helping solve erosion problems and in help
ing enforce ordinances established to allay erosion and environmental
degradation. The people of Galveston are making attempts to solve the
problems facing their island. Some people are moving back to the main
land and some are building larger, more expensive homes behind the vege
tation line along the beaches and on the bay marshes. Only time and the
elements will tell whether the problems can be solved in a manner that
is in harmony with the environment and satisfactory to the people who
inhabit and visit the island!
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MANAGEMENT STRATEGIES APPLICABLE TO OFF-ROAD VEHICLE

USE OF PERDIDO KEY, FLORIDA

1 2
Stephen V. Shabica and Charles W. Shabica

ABSTRACT

The eastern 11 km of Perdido Key, located in the northeastern Gulf of
Mexico near Pensacola, Florida, are part of Gulf Islands National Seashore
created in 1971 to conserve and manage the natural resources and to pre
serve for public use and enjoyment those areas along the Gulf of Mexico
coast possessing outstanding natural, historical and recreational values.
Prior to its inclusion in the National Park System, Perdido Key had a tradi
tional history of uncontrolled off-road vehicle use. Vehicles had been
permitted access to all portions of the island, resulting in a haphazard net
work of vehicular trails. These trails have resulted in the denudation of

dunes and interdune areas by killing the sea oat and beachgrass ground
cover. The loss of the sand stabilization furnished by these grasses
has contributed to the degradation of the dune system, creating numerous
blow-outs both within the island and along its Gulf beaches. Penetration of
storm waves into the interior is facilitated by the breaking down of the
natural dunes and has contributed to overwash conditions and a flattening
of interior island topography in areas. In addition, trails which run along
the foreshore and trails which run through and along the fringing marsh
contribute to erosion of the Gulf of Mexico and Big Lagoon shores. respec
tively; effectively narrowing the island. Topographically low areas of the
island tend to concentrate rainfall in many of the vehicular trails as a con
sequence of the shallow water table. Rather than being driven through these
bodies of water, vehicles are driven around them, increasing the width of
the trail from one lane to in some instances three lanes, one on each side.
Vegetation in these side areas is either absent or stunted and of low density,
reflecting the intermittent impact of the off-road vehicle. Management
strategies which reflect both the conservation and preservation of thePerdidi
Key resource and the public's continued access to Perdido Key in off-road
vehicles are discussed.

Member, Coastal Society. Research Oceanographer. National Park Service
Southeast Region, Coastal Field Research Lab.. NSTL Station, MS 39S29.
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Professor of Geology, Dept. of Earth Sciences, Northeastern Illinois Univ.,
Chicago, IL 60625.

View-points, conclusions, and management proposals in this paper are the
authors' and should not be construed as official Department of the Interior,
National Park Service positions.

57 Shabica



INTRODUCTION

Gulf Islands National Seashore is located in the northern portion of
the Gulf of Mexico. The Seashore includes six offshore barrier islands

which extend along a 240-km stretch of coast from Santa Rosa Island,
Florida to West Ship Island, Mississippi. The Seashore offers diverse
resources of natural, historical and recreational interest in its two-state

setting. Important Seashore biota include ten plants on the Florida Protected
Plant List, nine endangered animal species, and excellent examples of un
disturbed barrier island ecosystems. Examples of coastal fortifications,
covering the period from the late eighteenth century through World War n,
are contained within various Seashore units. The Seashore's miles of gently
sloping beaches and clear blue-green water provide substantial beach
recreation. The Seashore was established on 8 January 1971 by Public Law
91-660 to preserve for public use and enjoyment certain areas possessing
outstanding natural, historic and recreational values and to conserve and
manage the wildlife and natural resources of the area (24). Underlying this
legislation is the Organic Act of 1916 which Dolan et al. (7) termed the
"Magna Carta of the U.S. National Park Service." In this Act, Congress
established the fundamental duty of the National Park Service as stewards
of the nation's natural areas: "to conserve the scenery and the natural and
historic objects and wildlife therein and to provide for the enjoyment of the
same in such manner and by such means as will leave them unimpaired for
the enjoyment of future generations (25)."

Perdido Key is a 24-km barrier island southwest of the Pensacola
Naval Air Station, the eastern 11 km of which comprise the Perdido Key
Unit of Gulf Islands National Seashore (Fig. 1). Access to Perdido Key
is by automobile, boat and walking. Automobile access to Johnson Beach
and the Perdido Key day use facility is via Florida State Route 297 across
the intracoastal waterway bridge north of Gulf Beach, Florida. The
highly protected intracoastal waterway which passes to the north of Perdido
Key provides recreational boaters almost unlimited access to the Unit. Al
though representing a relatively small fraction of the users of Perdido Key,
access by hikers and walkers is available from the north along the auto
mobile route.

Prior to its inclusion in the National Park System, this section of
Perdido Key was a county park with essentially uncontrolled off-road vehicle
(ORV) use. Off-road vehicles are presently permitted in designated areas
of the Perdido Key Unit; however, serious dune and marsh trespass and
resource damage occurs. The situation is gradually deteriorating. Author
ity for developing management guidelines for ORV use is found in Section 8
of Executive Order No. 11644, February 8, 1972, in which the President
directed Federal agencies to monitor the effects of ORV use and to amend
and rescind designations of areas as necessary to further a policy to protect
the resources, promote the safety of all users of the land, and minimize
conflicts among various uses. In addition, Executive Order No. 11989,
May 24, 1977, directs agencies to close areas or trails to ORV use where
such use will cause or is causing considerable damage.

This paper addresses the environment of the Perdido Key Unit, some
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of the more obvious effects and impacts of ORV use on the Unit, and finally
proposes a framework for a management strategy for dealing with off-road
vehicles on Perdido Key. In reading this paper, several of the management
objectives of Gulf Islands National Seashore (26) which are pertinent to the
use of ORV's within the Seashore should be kept in mind: "To encourage
visitor use and enjoyment by making the opportunity available for swimming.
boating, fishing, camping, picnicking, back country use and other activities
that are compatible with the Seashore's scenic, natural and cultural values,"
yet at the same time: "to minimize disturbance of natural land forms, vegeta
tion and wildlife habitat due to vehicle use, park development and public
recreational activities.. .and to restore natural ecological conditions to lands
adversely affected by such uses and activities in the past, to protect and
perpetuate the Seashore's natural resources, and to manage them in ways
that enhance natural, ecological and geological processes and mitigate the
adverse effects of human activities; to protect and perpetuate a portion of
the coastal network of barrier islands in the United States."

GEOMORPHOLOGY

The Perdido Key barrier island is geomorphically unlike most Gulf of
Mexico barrier islands (20), but similar to east coast barrier islands (10).
Gulf Coast barrier islands such as Horn and Petit Bois Islands, Mississippi,
have five major divisions: (a) an outer beach with a broad berm, (b) a belt
of dunes, (c) an inner flat or marsh, (d) a second belt of smaller dunes, and
(e) an inner (Mississippi Sound) beach with a narrow berm (20). In con
trast, Perdido Key (Fig. 2) consists of four divisions: (a) an outer beach
with a relatively narrow berm, (b) an interior dune field, (c) an inner vege
tated sand flat, and (d) a fringing marsh on its northern (Big Lagoon) margin.

Figure 2. Perdido Key Unit of Gulf Islands National Seashore.
View is to the east and shows approximately one-
half of the Unit. Note high density of ORV tracks
over entire beach area and throughout the Unit.
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The beaches of Perdido Key vary from 10 m to 40 m in width (23;
personal observation), although seasonal and even daily effects and events
can reduce or increase beach width. Shorelines change and are best
characterized as undergoing continuous change. Environmental parameters
including wind velocity, storm frequency, tidal range, littoral currents,
wave height and frequency, and sea level variations interact to form the
complex and dynamic coastal characteristics that are observed daily, season
ally and historically. The shoreline is continually adjusting to changes in
the forces affecting it.

The shoreline of Perdido Key is eroding. Simply stated, more sand is
moving out of the area than is entering it. When such a material imbalance
occurs, the deficit is drawn from the material reserves of the beaches and

dunes. This imbalance can be temporary as seen in the seasonal adjustment
of beach profiles, or permanent such as occurs when large storms pass
through the area. Superimposed on these short term factors is the long term
effect of a rising sea level which causes the shoreline to retreat further and
further inland through time. In 1823 Perdido Key was longer and the pond
seen on today's maps was actually a lagoon. The Key was also connected to
the mainland and was more a barrier spit than a barrier island (12). Studies
suggest that during the last 100 years the eastern end of Perdido Key has
eroded approximately 150 m (23). In the period from 1855-60 to 1934-35,
erosion caused the eastern, Perdido Key Gulf of Mexico shoreline to recede
landward from 91 to 122 m.

In their study of shoreline erosion, the U.S. Army Corps of Engineers
(23) has categorized areas undergoing significant erosion as "critical if the
rate of erosion considered in conjunction with economic, industrial, recrea
tional, agricultural, navigational, demographic, ecological and other rele
vant factors indicated that action to halt erosion may be justified. Areas
undergoing significant erosion were categorized noncritical if consideration
of these factors indicated that management to prevent or minimize adverse
effects may be more appropriate than action to halt erosion." According to
their best available data, the eastern tip of Perdido Key has been classified
as having a critical erosion problem, whereas the Gulf of Mexico beaches of
the Key and the beaches and marshes bordering Big Lagoon are considered
as noncritical (23).

In the western section of the Perdido Key Unit, the sand dunes
average 6 m, mean sea level (23). Dune elevation decreases in an easterly
direction with the dunes becoming discrete mounds, except at the eastern
tip of Perdido Key. The primary dunes average 2 to 3 m, mean sea level,
and are generally well stabilized by vegetation (23). The dunes of the inter-
dune field average 1 to 2 m, mean sea level, and decrease in height in a
northerly direction, due in part to the trapping of wind blown sand by the
primary dunes. At the eastern tip of Perdido Key the dunes average 2 to
3 m, mean sea level. The northeastern shoreline of the Perdido Key Unit
faces Big Lagoon, an 8-km extension of Pensacola Bay. This shoreline has
relatively few very narrow beaches which alternate with more numerous
marshes and tidal flats.
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SOILS

Most of the soils of Perdido Key have been naturally formed by
materials deposited or reworked by wind and water. Except in tidal marsh
areas and around the fortifications, soils are almost exclusively sands. The
beach surface deposits are predominantly white quartz sand and are typically
layered with occasional bands of dark colored heavy minerals. The
beach sands are fine to medium in size and well to very well sorted. The
surface deposits of the interior dune field of Perdido Key are mostly aeolian
in origin. Sand is transported from the beach to the primary dunes in the
interdune field by onshore winds. The stability of this sand and the dunes
depends primarily on the amount and type of vegetation, the orientation of
the area to the prevailing winds, the configuration of the local topography,
the susceptibility to flooding and overwash events, and human perturbation.

FLORA

The vegetation of the barrier island ecosystem on Perdido Key is
difficult to characterize as a consequence of the variety of inter-grading
habitats and profound disturbance brought about by ORV use. In general,
four major floral habitats are distinguishable as one proceeds from the beach
on the Gulf of Mexico to the marsh fringing Big Lagoon (Figs. 1,3,4):
primary dune, interdune, swale, and marsh habitats.

The primary dune consists of two distinct plant associations: hardy
pioneer plants which are able to tolerate dry alkaline soil, salt spray, strong
winds and wide temperature fluctuations colonize the foredune. On Perdido
Key, sea oats (Uniola paniculata) which dominate this association are able
to survive both burial by sand and root exposure (Figs. 2, 4, 5, 11, 13).
The extensive network of its root system (Fig. 12) helps to stabilize the
dunes. On the relatively protected lee side of the primary dunes, sea oats
are again present as are beachgrass (Panicum amarum), prickly-pear cactus
(Opuntia sp.), and the gold aster (Heterotheca subaxillaris) of which the
gold aster is the dominant species (26, 28).

Figures 3,4. Eastern section and tip of Perdido Key Unit.
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Figure 5. Extensive ORV tracks on Perdido Key beach and through dunes. Note dune break (arrow)
created by vehicle travel.

Figure 6. Tracks through dune break on an overwash fan at Perdido Key.

Figure 7. Extensive tracks along the foreshore, below the berm crest, an area highly susceptible to
erosion. Note that wind transported sand has begun to reform the primary dune face along
the sharp escarpment created by a prior storm. Also note degree of sand splaying about
the main tracks.

Figure 8. Tracks along foreshore below berm crest contribute to island erosion effectively narrowing
the island.

Figure 9. Trails along dune toe and over primary dune (arrow). These tracks run parallel to prevailing
winds and thus are highly susceptible to wind erosion. Trails at dune toe contribute to
primary dune erosion (see figure 10).

Figure 10. Trails below (partially obscured by high tide) and over a primary dune enhance erosion.
Area should be closed to ORV traffic due to narrow beach.

Figure 11. Narrow beach where high tide line lies at dune toe. Such areas should be closed since
vehicles will be driven along the dune crest (arrow) to avoid the water during high tides.

Figure 12. A natural escarpment. Note the extensive sea oat root system exposed by wave action.

Figure 13. Scarping and erosion of primary dune is increased by ORV's driven along the backshore
and dune toe (arrow).
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The interdunal habitat has a large variety of species, dependent on the
island physiography and soil moisture. Here, the gold aster dominates, with
bunch grass (Schizachyrium maritimum) occurring in the drier areas. In
the moist interdunal areas, the rush Juncus scirpoides and panic grass
(Panicum repens) occur (26,28).

In the dry swale habitat, bunch grass dominates but overlaps with the
gold aster and beachgrass depending on moisture conditions (28).

The fringing marsh along Big Lagoon is dominated by rushes and
sedges, especially Juncus roemerianus. Cattails (Typha angustifolia) sur
round the brackish ponds which occur on Perdido Key (26,29). Several
small live oak (Quereus virglniana) and scrub pine (Pinussp.) hummocks
exist along the northern shore in topographically high areas.

WATER QUALITY

The water surrounding Perdido Key is an integral part of this barrier
island system. The State of Florida, Bureau of Coastal Planning, has pre
pared an inventory of all state waters, classified these areas according to
water quality, and presented proposals for preferred use policies (26). In
the vicinity of the Florida District of the Seashore, three classes have been
recognized. Of these three, two classifications, Class rn waters and aquatic
preserve waters, have been applied to the waters surrounding the Perdido
Key Unit. The aquatic preserve system is a methodology for protecting in
perpetuity aquatic areas of outstanding biological, aesthetic and scientific
value. Seventy-six percent of the water surrounding the eastern section
of the Perdido Key Unit are included in one of the 30 state designated
aquatic preserves. Management of these areas is directed towards preserva
tion in their natural or existing condition through reasonable regulation of
all human activity within the area. The remaining 24 percent of the waters
have been designated Class III waters which are coastal waters that support
fish and wildlife propagation and are suitable for water contact sports.
Management guidelines recommend that any development or subsequent use
insure that the present water quality be maintained (26).

LAND CLASSIFICATION

Land in the Perdido Key Unit of the Seashore has been classified into
three management zones: historic, development, and natural environment
consisting of 6.1, 24.3, and 390.9 hectares, respectively (26). The historic
area of Perdido Key comprises Batteries 233, Sleramer and Center located at
the island's eastern tip (Figs. 1,4) and is managed primarily to preserve and
interpret these historic structures as well as to maintain the historic scene.
The development zone includes lands where non-historic park development
and intensive use substantially alter the natural environment. This area is
managed to provide and maintain development that serves the needs of park
management and relatively large numbers of visitors. Near the western end
of the unit (Fig. 1) is a day use facility. This large cement bathhouse
was constructed by the Escambia County Recreation Department prior to the
area's acquisition by the National Park Service. This facility has change
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rooms, showers, toilets, a large sheltered picnic area, and a guarded beach
during the summer. Adjacent to the day use facility is a parking area with a
capacity of 250 cars. A two-lane blacktop road extends approximately 2 miles
east of the day use area. Visitor use at the Perdido Key Unit is heavy, espe
cially during peak summer weekends. The 250-car lot is periodically full
with overflow parking along the two-lane blacktop road. Use by ORV's is
permitted from the end of this road to the eastern tip of the island. During
busy weekends. between 60 and 80 vehicles may utilize the 7-km section of
the Unit at any one time. Unregulated overnight use is permitted, both by
hikers and ORV users, on federally owned beaches within the Unit (26,27).
The remainder of the Unit, the natural environment zone, is managed to
permit environmentally compatible recreational activities which might cause
limited disruption of the natural environmental setting and processes.
Paramount to this management strategy is the understanding of compatible
uses and limited disruption which must be considered as one. In addition,
as Clark (6) has suggested, the system "must be managed with respect for
the relatedness of its parts and the unity of its whole." Thus, Clark con
cludes , the fundamental goal of environmental and resources management is
the maintenance of an optimally balanced resource base. In order to accom
plish this goal, the resource must not be exploited to the point of degradation
and the capability of the resource to maintain itself must not be impaired (6,
20).

VISITOR USE

The most important visitor use period at the Seashore is May through
August during which over 50 percent of the total annual visitation occurs.
Of the 1,868,264 visitors to the Florida District of the Seashore in 1976, over
300,000 (16 percent of the total visitation) entered the Perdido Key Unit (26,
27) even though this Unit comprises only 10 percent of the total area of the
Florida District.

OFF-ROAD VEHICLES

Off-road vehicle driving has been a traditional recreational use of
Perdido Key, mostly in conjunction with shore fishing activities. At present,
4-wheel drive off-road vehicles are permitted in the Unit and their tracks
and trails have become a pervading characteristic of Perdido Key (Figs .2,3,
4,14). These tracks occur on the foreshore (Figs. 5,7,8), through dune
breaks and on overwash fans (Figs. 5,6), on the berm (Fig. 7), on the back-
shore (Figs. 7,9), at the dune toe (Figs. 9,10,13). over dunes (Fig. 10),
and through the marshes (Fig. 15). Although the Unit's regulations (See
Table 1) and a general map (8) outlining both beach (along the Gulf of Mexico)
and marsh (along Big Lagoon) trails are supplied to visitors, dune trespass,
dune cutting, blowouts, and the aesthetic intrusion of noise, motion and a
proliferation of tire tracks occurs frequently (Figs. 2,3,4). These occur in
spite of National Park Service regulations which prohibit driving on dunes
and the Florida State Statute 161.053 which prohibits driving over dunes and
on the vegetation line.
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Figure 14. Off-road vehicle trails on the eastern
4 km of Perdido Key. A: marsh trail, B:
single trail, C: double trail, D: triple
trail, E: high water turnout, ® : pos
ition of aircraft, --— : primary dune
toe, —•» : shoreline, shaded areas:
dunes, lnterdunes, swale, and marshes.
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Table 1. Gulf Islands National Seashore: Perdido Key Regulations (8).
The map referenced in this table is not included in this paper
(the routes lie along the south and north shores of Perdido
Key).

Fishing Roads
1. Limited to four wheel drive vehicles

2. Driving over dunes or vegetation prohibited
3. Vehicles must enter and exit only at end of paved road
4. Travel permitted only on designated routes (see map)
5. Traffic prohibited in designated historic areas (see map)

Camping
1. Permitted in designated areas only (see map)
2. Length of stay

(a) 30 days per year
(b) 14 days between May 1 and August 31

3. Units must be self-contained

Miscellaneous

1. Animals prohibited on beaches
2. Bring your litter out with you
3. All local, state, and federal laws will be strictly enforced.

Insufficient National Park Service personnel in the Unit, as well as
lack of administrative authority on lands yet to be acquired, make enforce
ment of the regulations difficult at best (27). Indeed, the more eastward one
proceeds from the Johnson Beach day use facility, the greater is the observed
dune trespass, especially with respect to primary dune crossovers to the
beach (Fig. 14). Figure 14 was drafted from an oblique aerial photograph
taken in March 1978 from an altitude of approximately 2,000 ft. with a 50-mm
lens on a 35-mm camera body held at an angle of approximately 50 degrees.
Although the easterly portion of the figure is foreshortened, approximately
4 km of the total 7 km now open to ORV users of the eastern section of Perdido
Key are clearly identifiable. From this photograph, all existing ORV trails
were ground truthed and drafted on the figure. In this section, 26 primary
dune crossovers were identified. Of these, 14 occur along the easternmost
1.3 km stretch of beach shown. The magnitude of the ORV perturbation is
evident when single, double, and triple trails or "highways" are considered
with the "clover-leaf" pattern of intersections.

The development plan (27) for the Perdido Key Unit would "permit
over-sand vehicles only on the Gulf beach eastward of the terminus of the
paved road and on the existing over-sand vehicle trail along the Big Lagoon
shore. Such off-road use will be terminated if there is evidence of continued
trespass on interior dunes or crossing of primary dunes at unauthorized
locations."
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OFF-ROAD VEHICLE IMPACTS

To date off-road vehicle impact studies have generally addressed land
modifications (1,21,30,31) , effects on hydrology and landscape in deserts
and arid areas (5,21,22,31), geomorphology of beaches (29), and on the
legal aspects of access to beaches (3). The scientific and experimental evalu
ations of ORV impacts on coastal ecosystems in this country is essentially
nonexistent, especially when compared to the magnitude of the problem.

Kockelman (13) recognizes that the indiscriminate and unregulated use
of off-road recreational vehicles (motorcycles, four-wheel drive vehicles and
snowmobiles) is a growing national problem. Summarizing the conclusions
of the Geological Society of America Committee on Environment and Public
Policy (31). he states that ORV's are causing significant impacts on the
nation's land, water, plant and animal resources. Wilshire et al. (31) con
sidered the environmental impacts of ORV's. Some of their conclusions which
are pertinent to sandy substrates are included in the following discussion.
Sand substrates naturally resist erosion due to the effects of vegetation cover,
substrate structure and the development of wind compacted and salt cemented
surface crusts. When in motion, a vehicle compacts the sand, kills vegeta
tion, breaks through the surface crust, and imparts a shearing stress,
causing grains to slide over one another. This disruption of substrate struc
ture and loss of stability reduces the sand's resistance to erosion (32). Sand
compaction is a function of the wetness and morphology of the terrain and the
frequency of vehicular impact. Soil compaction has been detected to depths
of as great as 3 ft (31). Compaction reduces the amount of water the sand
can absorb and that water which occurs is held more firmly (31). Thus, the
water which does remain is less available to plants. Sand compaction on
dunes and in interdune areas also makes the sands hotter during the day and
colder during the night (31). The extremes in temperature result from the
closing of air spaces (reduced insulative capacity and increased heat trans
fer by conduction) between particles, loss of moisture and resulting absence
of shade from plants. Injury (stunting) and death of plants may occur under
these conditions (31). Figure 15 demonstrates the multiple effects of sand
compaction on Perdido Key. Vegetation is totally absent in the main trail. On
the periphery where vehicles pass or detour during periods of high water in
the main trail, the vegetation is sparse and stunted. In some trails water
depths have exceeded 40 cm.

"Disturbance of soil structure by ORV use, stripping of plant cover,
and loss of soil crust facilitate the process of erosion" (31). This occurs

Figure 15. Marsh trail on Perdido Key. Note paucity of
vegetation on the right and water in main trail
on the left. Big Lagoon is in background.
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through direct mechanical abrasion, accelerated removal of sand by wind
and water, and the destabilization of slopes, especially at the toes of sand
dunes and on the foreshore, causing slumping. Figures 5, 12 and 13 provide
examples of such impacts observed on Perdido Key. Mechanical erosion oc
curs as sand is displaced from the wheel track of the vehicle and, depending
on vehicle speed, thrown along the track (Figs. 7 and 9). Obviously, the
greater the speed, the farther away the sand will be displaced. Visco (29)
observed that vehicles driven parallel to a sloping sand surface cause the
sand to be moved down slope by a process he termed "differential splaying."
The volume of displaced sand was found to be dependent on the slope of
the beach and the vehicle speed. He determined that as much as 0.75 cu m of
sand per kilometer of beach driven were displaced seaward at the typical
speeds of 35 mph (56 km/h). Repeated passes displaced greater volumes than
single passes, probably as a result of substrate destabilization brought about
by the initial pass. He experimentally determined that 5 passes and 10 passes
move up to 25 times and 50 times, respectively, more sand. Wind currents
not only transport unconsolidated suspended sand away from vehicle tracks,
but act directly on the sand tracks themselves (31). Vehicle tracks on the
foreshore and especially the upper berm and backshore alter the normal
aeolian transport of sand by exposing large areas of loose sand to the wind
(29). In addition, these same tracks act as sand traps and inhibit sand trans
port to the dunes. The destruction of stabilizing vegetation on sand dunes
may cause the dunes to advance (31) as the winds transport sand from the
foreslope, over the crest to the lee slope of the dune. In the sand dune en
vironment , erosion from water is less profound than in areas where the soils
are predominantly clays since the sandy soils are more permeable. However,
compaction and destabilization of the soils can lead to water-induced erosion.
Visco (29) observed that backwash is channeled by vehicle tracks, causing
localized erosion of the foreshore. Heavy rains which are common to this
area of the Gulf of Mexico (19,26) could have a similar effect both on the fore
shore and within the dune system (Figs. 7,8,9). Berm scarp formation is
enhanced by the presence of tracks on the foreshore due to channeling of the
swash (Fig. 8).

According to Visco (29) dune cross-overs decrease the protection af
forded to the interior dune fields and flats by increasing the potential for storm
penetration and overwash events (Fig. 6). Godfrey et al. (11) determined
that vehicular travel over existing overwashes prevents reestablishment of
dune vegetation and, hence, dune growth on the barren washover flats. In
addition, new dune formation would tend to decrease the potential for over-
wash except during major storms. Their studies suggest that many of the
small dune breaches on Cape Cod are caused by man, both by pedestrians
and ORV's, with the latter being the most important. Their preliminary data
imply that ORV travel through dune areas and overwash passes result in
greater sand transport across the barrier beaches, supporting those conclu
sions of Visco (29). In several areas on Perdido Key overwash events have
taken place (Figs. 3,6). Although occurrences of overwash are a natural
process, their frequency can be increased by breaking down and eroding the
foredune. Whether or not any of the overwash fans observed on Perdido Key
were caused by unnatural breaks in the dune line cannot be stated at this
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time. However, many of the washover areas are in locations of intense ORV
traffic. On the one hand, the natural dune break and consequent overwash
fan might contribute to the frequency of ORV use in the area. On the other
hand, such intense ORV use and "dune busting" may be important in the
occurrence of overwash events.

The combined effects of dune cross-overs, vehicle tracks and substrate
destabilization (Figs. 6,7,9,10,13) contribute to an increase in beach erosion
by displacing sand from the beach reservoir. Brodhead and Godfrey (2),
Godfrey (9). Godfrey and Godfrey (10), Godfrey et al. (11), Leatherman et al.
(14), and Dolan crt al. (7) all point up the importance of the sand storage
capacity of the foreshore, berm, backshore and dune systems (Fig. 16). During
daily and seasonal periods of low energy regimes, sand is stored on the beach.
Then, during storms and high energy conditions, this stored sand is re
worked and acts as a shock absorber effectively protecting the beach from
relatively high erosion. Without this shock absorbing capacity, the winds
and waves act directly on the beach to permanently remove sand from the
system and increase beach loss from erosion.

Wilshire et al. (31) found that "the unique hydrologic conditions in
sand dunes are particularly vulnerable to ORV's. Rain that falls on the sand
is held for long periods of time until the moist sand is exposed by changes in
the dune surface." The moisture contained within the pores of the sand dune
sustains not only the vegetation which occurs above the surface but also "the
animals that live on and beneath the dune surface" (31). The water's even
tual drainage from the dune provides a water supply for plants and animals
at the toe and surrounding area of the dune. The loss of this water due to the
disruption of the dune surface causes a loss in plant life and by extension
wildlife, even after the dune has been reshaped by the wind.

Off-road vehicles not only directly destroy and displace plants and ani
mals but also reduce their densities by damaging their habitats. Grasses and
small plants are stunted and eliminated. Shrubs and even trees can be de
stroyed by repeated impact and undermining (31). Compaction causes root
damage and Impedes the vegetative reproduction of grasses by forming physi
cal barriers to their rhizomes. This is extremely important on sand dunes
where grasses such as sea oats propagate primarily by rhizomatic growth.

.PRIMARY DUNE

JXJNE TOE

BERM CREST

BACKSHORE \FORESHORE

"6ULF OF MEXICO

Figure 16. Diagrammatic cross-section of a typical beach
section of Perdido Key.
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In compacted soils seeds may fail to germinate because of the loss of
water (31).

Brodhead and Godfrey (2) and Godfrey et al. (11) found that a single
season of heavy (300 to 700 passes) driving through dense stands of the beach
grass Ammophila brevigulata was sufficient to totally destroy any above-
ground vegetation. However, adequate below-ground rhizomes and roots
survived to allow small amounts of vegetative regrowth to occur when the traf
fic ceased. Intertidal marshes and sand flats are highly susceptible and sen
sitive to vehicular impacts (11). Traffic creates deep and long lasting ruts
leading to man-made pannes and creating erosion problems when the tracks
become connected to the open water. This very situation is occurring on
Perdido Key and where the tracks pass parallel and in close proximity to the
marsh-Big Lagoon interface, the marsh fringe is eventually eroded away,
effectively narrowing the island and destroying productive marsh habitat (Figs.
2,3,15). Godfrey etaL (11) point out that where indiscriminate travel is
permitted on sand flats, the precursors of new salt marshes, marsh enlarge
ment is inhibited. These flat, tidally influenced areas beyond the salt marshes
provide important habitats for estuarine infauna including worms and clams.
In their studies (11), they found that "vehicle traffic, even at relatively low
levels, compacts the substrate into a pavement-like surface and reduces
survival of infauna. Tire pressure on the sand surface can also directly
kill the animals living in the sediment, especially soft bodied creatures as
well as soft shell clams."

Most animals and plants, given sufficient time, are capable of adjusting
and adapting to gradual change. However, the sudden, dramatic changes
which man is capable of producing are generally beyond an organism's ability
to change. Under these conditions the organism either moves to a more favor
able environment or it dies. Plants, being less mobile than animals, generally
die. Off-road vehicles also bring noise, movements and shaking ground which
frighten wildlife, and air pollution. The noise is especially critical as it can
drown out animal calls essential for mating, warning, territorial behavior and
other social interactions (31). In their studies (11) it was found that nesting
seabirds could coexist with vehicles provided that the vehicles remained out
side of the nesting areas. It was felt that the birds could acclimate to the pas
sage of the vehicles if people remained in their vehicles. Indeed, pedestrians
proved more disturbing to the nesting birds. Shorebirds feeding within the
marshes, on tidal flats and the beach foreshore were adversely affected
(frightened) by passing vehicles.

OFF-ROAD VEHICLE MANAGEMENT

In Figure 17 we have outlined proposed routes for ORV users on
Perdido Key. A central trail would essentially follow the long axis of the
island and is basic to this management plan. for it allows access to the
beaches, marsh areas, camping areas and historic sites, yet at the same
time it prohibits travel through and along the marsh fringe but provides for
marsh access by pedestrians at vehicle turn-outs and parking areas. The
prohibition of vehicles along the Big Lagoon side would provide a relatively
tranquil setting for camping, fishing, picnicking and leisure. Camping areas
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would be provided for both direct access by ORV users and by persons wish
ing to transport their equipment and supplies by boat or on foot. This latter
provision would allow individuals to camp relatively free of ORV passage.
This axial route should be established only after careful study in order to
minimize environmental impacts. Existing trails in the central portion of
the island can be fitted and oriented to the axial trail in order to minimize
wind transport of sand by the prevailing winds. It is essential that this
route be initially well marked with posts located perhaps every 30 m on
alternate sides of the trail. Coupled with adequate borders of vegetation
through dune planting, in time a naturally defined, relatively stable trail
could be achieved. Dune cross-overs to the beach would be provided at
areas where beach width is sufficient to support the 15-ra corridor criterion
which will be discussed in a later paragraph.

Off-road vehicle use should be restricted to only four-wheel drive
vehicles.

Sand flats and marshes should be closed to all vehicular traffic.
Vehicles should be prohibited from entering previously undisturbed

areas of Perdido Key.
Narrow stretches of beaches not meeting the 15-m corridor criterion

should be permanently closed.
Vehicle travel should be prohibited through overwash passes, as these

would eventually close by natural dune growth.
Wooden ramps such as those at Cape Hatteras National Seashore should

be constructed and maintained over dune lines where beach cross-overs are
necessary.

The proposed axial trail should be maintained to prevent washboarding
and water accumulation. These features spur drivers to leave the established
trail, effectively widening the trail and resulting in multiple 3- to 4-lane
"highways."

Experience at Cape Cod (11) suggests that a series of interpretive dis
plays should be constructed. These would show how the environment is
damaged and help visitors to understand why certain areas are closed. "The
public is much more likely to support such action when they understand that
it is in their best interest" (11).

The speed limit should be posted and, until research dictates otherwise,
a maximum speed of 15 mph (25 km/h) adopted.This speed would be reduced
to 5 mph (8 km/h) within 100 ft of any person not in a vehicle (4).

All areas, tracks and trails where ORV's are permitted (camping
areas, parking areas, turn-outs and dune cross-overs) and all areas where
ORV's are prohibited should be well marked, both on maps and by posting.

Based on work being done at Cape Hatteras National Seashore (4), a
beach driving corridor with well defined access points extending from 15 m
from the base of the most seaward sand dune or vegetation line to the edge
of the berm should be established. This would effectively prohibit operators
from driving at the toe of the primary dune and in areas of embryo dune
growth, and on the sloped foreshore at all times regardless of the state of
the tide. For example, if the berm crest was within 15 m or less of the dune,
driving would automatically, without posting, be prohibited. Prohibiting
vehicles from traveling in the intertidal areas would also protect any infaunal
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organisms which occur there. No studies have conclusively demonstrated
whether or not any adverse impacts could be anticipated in this zone. The
study by Godfrey et al. (11) suggests that since the intertidal area is the
most naturally stressed in terms of physical forces. it has a greater tolerance
to vehicular impact. Conversely, the more stable dune and interdunal areas
are more susceptible to perturbation by vehicular impact. Recent studies
on surf zone fishes and habitats by Modde (15,16) and Modde and Ross
(17,18) have demonstrated the importance of barrier island intertidal surf
zones to larval and juvenile fishes as nursery and feeding grounds. Many
of these fishes appear to be functionally permanent members of this habitat,
while migrants make up the largest portion of the fishes. The immature
marine and estuarine fishes are important commercially and as prey for other
fishes and birds. Although their studies are being carried out at Horn
Island, Gulf Islands National Seashore, Mississippi, the surf zones of other
Gulf Coast barrier islands are thought to be as significant. Short term ORV
impacts in the intertidal surf zone might be minimal; however, the increased
erosion associated with the presence of ORV tracks and trails might in the
long term prove detrimental to the fishes which occur there.

An adequate number of rangers should be provided to insure that regu
lations are observed and that violators are apprehended and prosecuted.

Authority should be sought to impound unregistered vehicles and those
operated by unlicensed individuals, and to immediately immobilize an ORV
when its operator is found in a prohibited area. Appropriate penalties should
be consistently imposed on all operators convicted of violations of established
regulations.

A program to continuously monitor the impacts of off-road vehicles
should be established, as required by President Nixon's Executive Order
11644 of February 8, 1972. The results from such a program would allow
managers to close damaged areas until reclamation occurred. It would also
permit temporary closures when monitoring demonstrated an abnormal vul
nerability due to environmental changes such as extreme high tides narrowing
the beaches, fire hazards in dry areas, innundated trails due to heavy rains
or flooding, and times of breeding and nesting of wildlife.

A park issued annual permit system, without fee, which includes a
windshield decal, should be implemented at Perdido Key. Permits would be
available to all licensed operators and registered vehicles. Application would
be made in person so that the operator could be given a listing of the regula
tions and a detailed map of the areas where off-road vehicles are permitted
and prohibited. In addition, the vehicle could be checked for a properly
functioning engine muffling system. This aspect of the management strategy
is critical, for it entails the education of the off-road vehicle user not only to
the area he or she wishes to use but also to the consequences inherent in the
improper use of the resource. It is our feeling that a properly informed and
enlightened public would not only increase the success of any strategy but
would greatly increase the protection of the resource through peer pressure
since the threat of total closure to ORV's would be ever present if trespass
continued. We also feel that the utilization of national parks by any person
or group is not a guaranteed right but a privilege — a privilege to enter the
park and enjoy its resources. However, this privilege also carries with it
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a responsibility — a responsibility not to abuse, damage or destroy the re
source. A permit system would allow managers to withdraw this privilege
in the event that a user wished to ignore or violate regulations.

As is provided by President Carter's Executive Order 11989, areas can
be closed, at the discretion of the Superintendent, to ORV use. Total closure
of the Perdido Key Unit to ORV users is not recommended at this time for
several reasons. First, there are legitimate users of this area who, with
proper instructions and knowledge of the regulations, would not abuse the
privilege. Second, we simply do not have an adequate data base upon which
past, present and future impacts can be evaluated. This is especially true
with respect to the response of the dominant vegetation types to ORV impact.

CONCLUSIONS

It must be emphasized that the plan outlined in this paper serves only
as an initial guide to the management of ORV use on Perdido Key. This strat
egy is based solely on a review of the existing literature and on on-site
observations. Extrapolations and conclusions which are drawn from other
areas may not be valid for Perdido Key. This is especially important when
one considers the vegetation. The work of Godfrey et al. is specific to
Cape Cod, and although it is the first such study of ORV impacts on coastal
ecosystems, the vegetational components of Cape Cod are entirely different
from those of the northern Gulf of Mexico. Whereas the beachgrass Ammophila
brevigulata is the dune dominant of Cape Cod, sea oats dominate the Perdido
Key dune strand. However, the situation as it now exists on Perdido Key
requires control, even though there is an absence of the detailed studies
which would lead to a well defined management strategy. The proposed strat
egy offers a compromise which permits continued use of ORV's on Perdido
Key while at the same time protecting to a large degree the resource. Re
search and monitoring programs will be initiated to answer many of the ques
tions concerning ORV impacts on Perdido Key. These are, however, long
term studies (example: the 5-year ongoing study by Godfrey and co-workers)
and immediate results cannot be expected. As our knowledge of the nature of
ORV impacts on the resources of Perdido Key increases, our ability to more
adequately predict and control impacts of an irretrievable nature will in
crease . These studies should determine if substantial long term disruption
of natural geomorphic processes and the floral and faunal components of the
Key are being caused by off-road recreational vehicles. This is the ultimate
management strategy, one which should provide for an optimally balanced
resource base such that the resource is not exploited to the point of degrada
tion and that the capability of the resource to maintain itself is not impaired
by off-road vehicle use.
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