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VEGETATIVE CHANGE ON SOUTH PADRE ISLAND, TEXAS, OVER
TWENTY YEARS AND EVALUATION OF MULTISPECTRAL
VIDEOGRAPHY IN DETERMINING VEGETATIVE COVER AND
SPECIES IDENTITY

ROBERT I. LONARD, FRANK W. JUDD, JaMES H. EVERITT, DAVID E. ESCOBAR,
MARIO A. ALANIZ, ISABEL CavAzOs III, AND M. R. DAvis

Department of Biology, University of Texas-Pan American, Edinburg, TX 78539 (RIL, FW])
United States Department of Agriculture, Agricultural Research Service,
Integrated Farming and Natural Resources Unit, 2413 East Highway 83,
Weslaco, TX 78596-8344 (JHE, DEE, MAA, IC, MRD)

ABSTRACT—A comparative vegetation analysis of an island-wide transect of South Padre Island,
Texas, was conducted in 1997 using aerial multispectral digital videography and line intercept
ground truth techniques to assess the usefulness of videography in estimating vegetative cover and
species identifications. Ground truth data were used to assess vegetative change occurring in the
20 years since the report of Judd et al. (1977) on the vegetation of South Padre Island. Estimates
of total cover by ground truth and remote sensing techniques were similar (2.45% difference) on
South Padre Island. Thus, airborne multispectral digital videography is an effective technique for
assessing changes in total vegetative cover of Texas barrier islands. This technique will be an
effective tool for documenting changes in total cover on barrier islands due to natural perturba-
tions such as hurricanes and human disturbances including vehicular traffic. Imagery obtained at
altitudes of 200 m or greater did not permit discrimination of dominant species in each of an
island’s topographic zones. However, acquisition of imagery at a time of the year when dominant
species are in specific phenological stages, such as flowering, and at a lower altitude may facilitate
their recognition. Comparison of data from a single trans-island transect in 1997 with data from
three trans-island transects and 18 transects across the foreshore, backshore, and primary dunes
in 1977 suggests that there has been a marked decrease in species richness of the backshore and
primary dune zones of South Padre Island. There also was a change in dominant species in the
backshore zone. These changes in species richness and dominance may be largely attributable to
vehicular traffic in these zones.

RESUMEN—Un analisis comparativo de la vegetacion de un transecto transinsular de la isla South
Padre en el estado de Texas fue realizado en 1997 usando videografia aérea multiesprectral digital
y técnicas de validacién de intercepcién linear terrestre para evaluar la utilidad de la videografia
en la estimacién de la cobertura vegetal e identificaciéon de especies. Los datos de estudios de
validacién terrestre fueron utilizados para evaluar el cambio vegetativo que ocurrié durante 20
anos después del informe de Judd et al (1977) sobre la vegetacién de la isla South Padre. Las
estimaciones de la cobertura total mediante técnicas de validacion terrestres y de medicion remota
fueron similares (2.45% de diferencia) en la isla South Padre. Por lo tanto, la videografia mul-
tiesprectral digital aérea se considera una técnica eficaz para evaluar cambios en la cobertura
vegetal de las islas barrera de Texas. Esta técnica serd una herramienta efectiva para documentar
los cambios de cobertura total en las islas barrera debido a las perturbaciones naturales tales como
huracanes y disturbios humanos como trafico vehicular. Las imagenes obtenidas en altitudes de
200 metros o mayores no permitieron la discriminacién de las especies dominantes de las varias
zonas topograficas de una isla. Sin embargo, la adquisicién de imagenes de una época del afno en
que las especies dominantes estin en etapas fenoldgicas especificas, tales como la floracion, y
desde una altitud menor, puede facilitar su reconocimiento. Al comparar datos de un transecto
transinsular de 1977 con los de tres transectos transinsulares y de 18 transectos correspondientes
a la parte frontal, trasera, y de las dunas primarias de la isla en 1977, se sugiere que ha habido
una marcada disminucién en la riqueza de especies en la parte trasera y en la zona de dunas
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primarias de la isla South Padre. También hubo un cambio de especies dominantes en la zona
trasera. Estos cambios en la riqueza y dominancia de especies pueden ser atribuidos en gran parte

al trafico vehicular en estas zonas.

The most conspicuous physiographic feature
along the Gulf of Mexico coastline of Texas is
a series of five barrier islands that enclose sev-
eral shallow bay systems. Barrier islands pro-
vide most of the recreational beach areas of
Texas, and they protect the coastline against
water damage during tropical storms and hur-
ricanes. Padre Island, the longest of these is-
lands, extends 182 km southward from Corpus
Christi to Brazos-Santiago Pass near Port Isa-
bel. The island ranges from 0.5 to 7.8 km in
width and is separated from the mainland by
the Laguna Madre, a shallow lagoon with a
maximum width of about 16 km. South Padre
Island, 55 km long with an area of 16,200 ha,
is separated from the northern two-thirds of
the island by the Mansfield Channel.

The flora and vegetation of South Padre Is-
land are relatively well known compared to
other areas of the barrier island chain (Dahl
et al., 1974; Judd et al., 1977; Lonard et al,,
1978; Lonard and Judd, 1980; Judd and Sides,
1983; Judd and Lonard, 1987; Judd et al., 1989;
Lonard et al., 1991; Lonard and Judd, 1997).
Vegetation of the island differs from vegetation
of other barrier islands of the northern Gulf
of Mexico and Atlantic coasts (Judd et al,
1977; Stalter, 1993). No shrub or tree zones are
present on South Padre Island. The vegetation
is essentially one layered and nearly all species
are herbaceous perennials (Judd et al., 1977).

Vegetation pattern on South Padre Island is
the result of a variety of factors. Prevailing
winds from the southeast laden with salt spray,
periodic tropical storms, and hurricanes are
important in determining species composition
on the backshore and primary dune topo-
graphic facets (Oosting and Billings, 1942;
Judd and Sides, 1983). Low annual precipita-
tion accounts for the herbaceous and grami-
noid character of the vegetation in all topo-
graphic zones. Other important factors are in-
tense solar radiation, periodic droughts, na-
ture of the soil and its water content, level of
the water table relative to the root zone, sand
coverage, and human perturbations (Judd et
al.,, 1977; Judd and Lonard, 1987; Judd et al,,
1991).

The vegetation of South Padre Island occurs
in distinct zones or belts that correspond to
topographic facets (Judd et al., 1977). An ide-
alized profile includes: 1) a foreshore devoid
of rooted vegetation, 2) a backshore zone with
embryonic dunes nearest the berm crest dom-
inated by Sesuvium portulacastrum and a land-
ward zone dominated by Uniola paniculata, 3)
a primary dune ridge supporting Ipomoea im-
perati and U. paniculata as dominants, 4) a zone
of secondary dunes and vegetated flats or a
mosaic of both in which Schizachyrium scoparium
is dominant, and 5) a tidal flat zone that is
largely bare, but which supports halophytic
vegetation in a narrow zone bordering the veg-
etated flats. A sixth zone, washovers, extends
across these zones. Washovers are distinct in
the primary dune and secondary dune and
vegetated flats zones, but merge imperceptibly
with the tidal flats (Judd et al., 1977).

Depressions that often support development
of marsh communities occur frequently in the
secondary dunes and vegetated flats topo-
graphic zone. These wetland plant communi-
ties are dominated by a combination of sedges
and grasses including Scirpus pungens, Spartina
patens, Fimbristylis castanea, Fuirena simplex, and
Rhynchospora colorata (Judd et al., 1977).

Natural areas of the barrier island system are
large and generally inaccessible to ground sur-
veys. Remote sensing techniques including ae-
rial photography and multispectral videogra-
phy have been useful tools for classifying and
mapping plant communities and for monitor-
ing hurricane damage and human perturba-
tions in the coastal zone of southern Texas
(Everitt and Judd, 1989; Judd et al., 1989; Eve-
ritt et al., 1991; Lonard et al., 1991; Everitt et
al., 1992; Judd et al., 1994; Everitt et al., 1996;
Judd et al.,, 1997). However, no information is
available on using multispectral videography
for distinguishing and assessing natural vege-
tation in the various topographic zones on
South Padre Island. Therefore, we sought to
assess the usefulness of aerial multispectral dig-
ital videography in determining vegetative cov-
er and species identity on South Padre Island
and to assess vegetative change occurring in
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the 20 years since the report of Judd et al.
(1977) on the vegetation of South Padre Is-
land. This study will add to an understanding
of the vegetation dynamics of South Padre Is-
land, in particular, and to that of the barrier
islands in the southern Gulf of Mexico, in gen-
eral.

METHODS AND MATERIALS—The line intercept
technique was used to provide ground truth infor-
mation and to quantify vegetation abundance and
distribution on South Padre Island at a location 16.3
km north of Brazos-Santiago Pass (Canfield, 1941;
Judd et al, 1977). A 1,210-m transect, established
perpendicular to the longitudinal axis of the island,
extended from the Gulf of Mexico shoreline (GMS)
to the Laguna Madre shoreline (LMS). The transect
passed through five major topographic zones includ-
ing the foreshore, backshore, primary dune ridge,
secondary dunes and vegetated flats, and tidal flats,
respectively (Judd et al., 1977). The transect was di-
vided into 10-m intervals and data were recorded
along the total length of each interval. Each species
intercepted by the line was rated individually and
scored without separation into strata. For each of the
topographic facets, we recorded frequency and fo-
liage cover and calculated from these data relative
frequency, relative cover, and an importance value
(IV) based on the sum of relative frequency and rel-
ative cover (Judd et al., 1977). Frequency of occur-
rence was used to describe the distribution of species
along the transect, to assess the contact and overlap
among species, and to reconcile ground truth data
with data obtained from remote sensing methodol-
ogy. Importance values were used to determine
which species dominated a topographic zone. Vege-
tation sampling was conducted 13 May, 28 May, and
4 June 1997.

Imagery of the study site was obtained with a
three-camera multispectral digital video imaging sys-
tem (Everitt et al., 1995) on 14 May 1997 using a
fixed-wing Aerocommander* aircraft. Imagery was
taken between 1100 and 1300 h under sunny con-
ditions. The system is comprised of three charge-
coupled device video cameras and a computer
equipped with an image digitizing board. The cam-
eras are visible/near-infrared (NIR; 400 to 1100 nm)
light sensitive. One camera had a NIR (845 to 857
nm) filter, one had a red (R; 625 to 635 nm) filter,
and the other camera a yellow-green (YG; 555 to 565
nm) filter. The computer is a 486-DX50 system that
has an RGB grabbing board (640 X 480 pixel reso-

* Trade names are included for the benefit of the
reader and do not imply an endorsement of or a
preference for the product listed by the United
States Department of Agriculture.
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lution). The NIR, R, and YG image signals from the
cameras are subjected to RGB inputs of the com-
puter digitizing board, thus giving a color-infrared
(CIR) composite digital image similar in color ren-
dition to that of CIR film. The hard disk can store
1,000 CIR composite images. Video imagery of the
study site was obtained at altitudes of approximately
200 and 2,440 m above ground level and provided
horizontal ground pixel sizes of 0.22 and 2.6 m, re-
spectively. Imagery was subjected to pixel line cor-
rection and image-to-image registration using a Pen-
tium IBM compatible computer having Image Pro
Plus and Adobe Photoshop Software. A mosaic was
made of the study site using three images obtained
at 200 m altitude. Adobe Photoshop software was
used to make the mosaic. A line (1 pixel width (0.22
m)] was superimposed on the mosaic image denot-
ing the location where the line transect was ob-
tained. From the classified image, vegetative cover
was quantified using Adobe Photoshop’s magic wand
tool, select/load selection, and image/histogram
functions. Colored pixels representing vegetation
were masked using the magic wand function. Sub-
sequently, the select/load function was used to con-
firm selection of all vegetation pixels within the tran-
sect. Pixel quantifications were given in terms of per-
cent vegetative cover and were displayed by the im-
age/histogram function. Images presented here
were photographed from a high resolution monitor.

ResuLts—Figure la depicts a trans-island
video image of South Padre Island at approx-
imately 2,400 m altitude above ground level,
and Fig. 1b shows an image obtained at ca. 200
m above ground level. The line at the base of
Fig. 1b shows the location of the line transect.
The foreshore is the topographic zone affected
by tidal amplitude and is littered by two bands
of Sargassum and flotsam deposited at high tide
that can be seen in Fig. 1bl. Rooted plants are
absent in this zone.

The backshore topographic facet extends
from the berm crest to the windward base of
the primary dune system (60 to 100 m from
GMS). Only three species, Ipomoea pes-caprae, S.
portulacastrum, and U. paniculata, were present
in this zone (Table 1). Total foliar cover ob-
tained by the ground truth sampling tech-
nique along the transect was 7.56%, whereas
computer classification along the transect line
estimated 5.91% vegetative cover. Sesuvium por-
tulacastrum occurred only in isolated patches
60 to 70 m from the GMS. Uniola paniculata
and I pes-caprae were present in foredunes
near the seaward base of the primary dune
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FiG. 1—Aerial color-infrared (CIR) video image (a) of the South Padre Island study site obtained at an
altitude of 2,400 m. Print b depicts a CIR video mosaic (3 images) obtained at an altitude of 200 m of the
area encompassed within the dashed line on print a. The line at the base of print b denotes the location
of the line transect. The small arrow on print b shows an area dominated by wetland vegetation. Vertical
yellow lines represent: 1) foreshore, 2) backshore, 3) windward slope of the primary dune complex, 4)
leeward slope of the primary dune complex, 5) secondary dunes and vegetated flats, 6) transition zone
between the secondary dunes and vegetated flats and the tidal flats, (WSD) windward slope of secondary
dune, and (LSD) leeward slope of secondary dune.

TaBLE 1—Frequency (%), relative frequency, cover (%), relative cover, and importance value (IV = rel- )
ative frequency + relative cover) in the backshore zone on South Padre Island.

Frequency Relative Cover Relative
Species (%) frequency (%) cover v
Ipomoea pes-caprae 50 50 1.83 24.2 74.2
Sesuvium portulacastrum : 25 25 3.20 42.4 67.4
Uniola paniculata 25 25 2.53 33.4 58.4

Total cover 7.56
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TaBLE 2—Frequency (%), relative frequency, cover (%), relative cover, and importance value (relative
frequency + relative cover) on the windward and leeward slopes of the primary dune zone on South Padre

Island.
Frequency Relative Relative

Species (%) frequency  Cover (%) cover v
Windward slope of primary dune
Uniola paniculata 100 50 12.15 60.6 110.6
Ipomoea imperati 100 50 7.90 39.4 89.4
Total cover 20.05
Leeward slope of primary dune
Schizachyrium scoparium 100 20 13.20 26.5 46.5
Uniola paniculata 100 20 12.70 25.1 45.1
Oenothera drummondii 100 20 10.90 21.9 41.9
Heterotheca subaxillaris 50 10 9.05 18.2 28.2
Ipomoea imperati 50 10 3.70 7.4 174
Galactia canescens 50 10 0.25 0.5 10.5
Chamaecrista fasciculata 50 10 0.05 0.1 10.1
Total cover 49.85

ridge (80 to 100 m from GMS), and the asso-
ciation is represented by a dull magenta image
response (Fig. 1b2).

The most conspicuous topographic feature
on South Padre Island is the primary dune
complex. It extends from 100 to 140 m from
the GMS. The vegetation of its windward and
leeward surfaces were summarized separately
because of the protection from salt spray de-
position and sand scouring that the dune sys-
tem affords to the leeward slopes of the dunes
and consequently to the topographic zone pro-
tected in its lee (Table 2). The harsh environ-
ment of the windward slope supported only
two species, U. paniculata and I. imperati, which
are co-dominants (Fig. 1b3). Total vegetative
cover obtained by the line intercept technique
was 20.05%. In contrast, computer classifica-
tion along the transect estimated 22.31% veg-
etative cover. The more protected leeward
slope (Fig. 1b4) supports seven species (Table
2). Uniola paniculata and I. imperati occur on
both dune slopes, and S. scoparium, U. panicu-
lata, and Oenothera drummondii share domi-
nance on the leeward slope. The percent cover
value (49.85%), obtained by the field sampling
technique, is 2.5 times greater on the leeward
side of the primary dune than on the salt
spray-influenced windward slope. Computer
classification estimated 50.63% vegetative cov-
er which is in close agreement to the ground
truth technique. The greater plant cover has a

dark reddish-brown image tone bordered by
bare sand 123 m from the GMS (Fig. 1b4).

The broadest topographic zone on South Pa-
dre Island, extending from 140 to 670 m from
GMS, comprises secondary dunes and vegetat-
ed flats. This facet typically is lower in elevation
and subsequently is protected from environ-
mental stresses by the primary dune system.
Forty-seven species representing 19 families
were present on the transect in this zone. Schi-
zachyrium scoparium, which constituted 34.2%
of the relative cover, was the dominant species
(Table 3). Other important species included
Heterotheca subaxillaris, Paspalum monostachyum,
and S. pungens which had relative cover values
of 11.9%, 8.3%, and 9.5%, respectively. Schi-
zachyrium scoparium and H. subaxillaris were
widely distributed in the zone. Frequency val-
ues for the two species were 98% and 69%.
Paspalum monostachyum was noted initially on
the transect 350 m from the GMS. It also oc-
curred in all intervals between 440 and 640 m
from GMS.

The secondary dunes and vegetated flats
zone is interrupted by Park Road 100 at 180 to
190 m from GMS. The area adjacent to the
highway on both the east and west margins is
characterized by bare dry sand and low foliar
cover. Isolated magenta patches represent
small colonies of H. subaxillaris (Fig. 1b5). On
the left side (west) of the highway, the second-
ary dunes and vegetated flats complex contin-
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frequency + relative cover) in the secondary dunes and vegetated flats zone on South Padre Island.

Frequency Relative Cover Relative

Species (%) frequency (%) cover v
Schizachyrium scoparium 97.8 10.53 14.03 34.15 44.68
Heterotheca subaxillaris 68.9 7.42 4.90 11.94 19.36
Paspalum monostachyum 44.4 4.78 3.45 8.39 13.17
Scirpus pungens 33.3 3.59 3.92 9.54 13.13
Solidago sempervirens 51.1 5.50 1.44 3.49 8.99
Fimbristylis castanea 55.6 5.98 0.83 2.03 8.01
Chamaecrista fasciculata 42.2 4.55 0.83 2.02 6.57
Hedyotis nigricans 37.8 4.07 1.01 2.45 6.52
Galactia canescens 31.1 3.35 1.22 2.96 6.31
Uniola paniculata 35.6 3.83 0.91 2.22 6.05
Tva angustifolia 31.1 3.35 0.97 2.36 5.71
Polygala alba 40.0 4.31 0.28 0.67 4.98
Spartina patens 15.6 1.67 1.10 2.69 4.36
Croptilon rigidifolium 24.4 2.63 0.70 1.711 4.34
Fuirena simplex 11.1 1.20 1.16 2.82 4.02
Eragrostis secundiflora 22.2 2.39 0.63 1.53 3.92
Miscellaneous (31 species) 286.4 30.87 3.70 9.03 39.90
Total cover 41.08

ues 190 m to the base of a large secondary
dune. The zone is characterized by small, dry
dune ridges with areas of exposed sand and
shallow, moist swales which have a gray image
tone (Fig. 1b5).

A brackish marsh with standing water was
present at the windward base of a large sec-
ondary dune 360 to 380 m from GMS (Fig. 1b—
WSD). It has a black tonal response fringed by
a gray margin of wet sand. Vegetation of the
marsh was essentially two-layered with Bacopa
monnieri forming a dense, prostrate, stolonif-
erous mat. Scirpus pungens was the dominant
species in the taller herbaceous overstory. Fui-
rena simplex, R. colorata, and Solidago sempervi-
rens were other important species.

A prominent secondary dune (>10 m in
height) was present in the secondary dune and
vegetated flat complex 380 to 450 m from GMS
(Fig. 1b-WSD, LSD). Vegetation of this con-
spicuous dune was analyzed separately so it
could be compared to vegetation of the pri-
mary dune ridge. The dominant species on the
windward slope was S. scoparium followed by O.
drummondii, H. subaxillaris, and Chamaecrista
fasciculata (Table 4). The windward slope that
extends 50 m from the edge of the marsh to a
relatively flat summit was conspicuous in the
image due to the broad areas of exposed sand

(Fig. 1b-WSD). Total vegetative cover obtained
by the line intercept technique was 38.3%. In
contrast, computer classification along the
transect estimated 34.14% cover. The clear
dominant on the steep but nearly stablized lee-
ward face was the strongly rhizomatous P. mo-
nostachyum. The percent cover value (76.4%),
obtained by the ground truth technique of the
leeward face of the secondary dune was ap-
proximately twice that of the windward slope
of the secondary dune (Table 4). Computer
classification estimated 76.92% vegetative cov-
er which is in close agreement to the line in-
tercept technique. A dark reddish image tonal
response characterizes the dense foliar cover-
age of the steep leeward slope (Fig. 1b-LSD).

The gently rolling topography of the second-
ary dunes and vegetated flats complex contin-
ues from 450 to 670 m from GMS. Schizachy-
rium scoparium, H. subaxillaris, and P. monosta-
chyum were leading dominants on dune crests
and well-drained sites, whereas S. pungens, F.
simplex, P. monostachyum, Iva angustifolia, R. co-
lorata, and S. sempervirens were important spe-
cies in swales that appear black in the image
(Fig. 1bb). Total foliar cover obtained by the
line intercept technique in the 530-m broad
belt of the secondary dunes and vegetated flats
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TaBLE 4—Frequency (%), relative frequency, cover (%), relative cover, and importance value (relative
frequency + relative cover) in the windward and leeward slopes of a back-island secondary dune on South

Padre Island.

Frequency Relative Cover Relative

Species (%) frequency (%) cover v
Windward slope of secondary dune
Schizachyrium scoparium 80 16 9.88 25.80 41.80
Oenothera drummondii 100 20 5.58 14.57 34.57
Heterotheca subaxillaris 60 12 7.20 18.80 30.80
Chamaecrista fasciculata 60 12 3.74 9.77 21.77
Physalis cinerascens 20 4 5.30 13.84 17.84
Indigofera miniata 20 4 2.58 6.74 10.74
Galactia canescens 40 8 0.86 2.25 10.25
Ipomoea imperati 40 8 0.20 0.52 8.52
Uniola paniculata 20 4 1.26 3.29 7.29
Panicum amarum 20 4 1.06 2.77 6.77
Croton punctatus 20 4 0.52 1.36 5.36
Euphorbia cordifolia 20 4 0.12 0.31 4.31
Total cover 38.30
Leeward slope of secondary dune
Paspalum monostachyum 100 20 39.30 51.44 71.44
Schizachyrium scoparium 100 20 14.75 19.31 39.31
Uniola paniculata 100 20 10.70 14.00 34.00
Physalis cinerascens 50 10 6.00 7.85 17.85
Heterotheca subaxillaris 50 10 4.60 6.02 16.02
Digitaria arenicola 50 10 0.95 1.24 11.24
Galactia canescens 50 10 0.10 0.13 10.13
Total cover 76.40

complex was 41.08% (Table 3). Computer clas-
sification estimated 37% total cover.

A narrow transition zone 670 to 680 m from
GMS was present between the secondary dunes
and vegetated flats and the tidal flats (Fig.
1b6). Only three halophytic species, S. patens,
Salicornia bigelovii, and Suaeda linearis, occurred
here. Spartina patens, with a relative cover value
of 96%, was the dominant species (Table 5).
Total vegetative cover obtained by the line in-
tercept technique was 18.5%, whereas comput-

TABLE 5—Comparison of the relative importance
of species occurring in the transition zone between
the secondary dunes and vegetated flats and tidal
flats on South Padre Island.

Species Cover (%) Relative cover
Spartina patens 17.8 96.2
Salicornia bigelovii 0.6 3.2
Suaeda linearis 0.1 0.5
Total cover 185

er classification estimated 17.7% vegetative
cover in this narrow transition zone.

Tidal flats extended as a broad, predomi-
nantly barren zone of sand with scattered
patches of blue-green algae 680 to 1,210 m
from GMS to LMS. Vehicular tracks are con-
spicuous features on the wet sand (Fig. 1b, up-
per left). Only one small stand of S. bigelovii (1
cm of foliage cover) was present on the margin
of LMS. Approximately 100 m north of the
transect, a small colony of juvenile Avicennia
germinans plants occurred on the margin of a
shallow inlet to the bay. Both species were pres-
ent in an area outside the boundary of the vid-
eo images of Fig. 1.

The solid, bright red area (see arrow) adja-
cent to an access road leading to the Laguna
Madre from Park Road 100 represents a wash-
over area dominated by two layers of herba-
ceous wetland vegetation. Bacopa monnieri, Eleo-
charis obtusa, and Sporobolus virginicus form a
dense understory. The stoloniferous, mat-
forming, B. monnieri which has planophile
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leaves apparently contributes heavily to the
bright red image (Everitt et al., 1986). Panicum
amarum, S. pungens, F. simplex, S. sempervirens,
Suaeda linearis, and S. bigelovii, which comprise
the taller layer, serve to effectively close the
canopy (Fig. 1b).

Total foliar cover obtained by the field sam-
pling technique along the transect across all
topographic facets was 34.2%. In contrast,
computer classification along the transect line
estimated 31.75% vegetative cover, which is in
close agreement to the ground sampling tech-
nique. Thus, remote sensing techniques cou-
pled with computer image analysis may be an
excellent means of rapidly determining total
vegetative cover.

DiscussioN—Aerial videography appears to
have its greatest value in depicting the total
cover of vegetation on Texas barrier islands.
The estimate of total cover along the transect
in Fig. 1 was only 2.45% lower than that ob-
tained by vegetation analysis on the ground.
Videography has less utility in discrimination
of species, although Judd et al. (1994) showed
that color-infrared aerial photography permit-
ted discrimination of four of five species found
in the backshore and primary dune zones of
South Padre Island. This utility was facilitated
by the patchy occurrence of vegetation in these
topographic zones. It is far more difficult to
discriminate species in the more densely veg-
etated secondary dunes and vegetated flats.

Judd et al. (1977) reported on three trans-
island transects (i.e., from the gulf shoreline to
the bay shoreline). These were at the %, %, and
% positions relative to the length of the island.
They also investigated 18 additional transects
across the foreshore, backshore, and primary
dunes because of the narrowness of these
zones. These transects were positioned at 3.2
km intervals along the length of South Padre
Island.

Judd et al. (1977) found eight species in the
backshore zone, whereas we found only three
species. Thus, in the 20 years since their study,
species richness in the backshore zone has
been markedly reduced. It is possible that the
apparent species richness is spurious and due
to small sample bias (i.e., one transect in
1997); however, Judd et al. (1977) reported
that increasing the number of transects from
three to 18 across the foreshore, backshore,
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and primary dune zone did not add signifi-
cantly to species richness.

There was a marked change in dominant
species in the backshore zone from 1977 to
1997. Judd et al. (1977) found that S. portula-
castrum (IV = 70.0) and U. paniculata (IV =
71.9) were the dominant species. We found
that I pes-caprae (IV = 74.2) and S. portulacas-
trum (IV = 67.4) were the dominants in 1997.
The importance of U. paniculata decreased
from 71.9 in 1977 to 58.4 in 1997. In 1977 I
pes-caprae ranked fifth of eight species in im-
portance with a value of 10.7. Thus, its abun-
dance has increased greatly.

The decrease in species richness and the de-
crease in relative importance of U. paniculata
may be caused by vehicular damage to vegeta-
tion and dunes of the backshore zone. The ef-
fect of vehicular traffic in the backshore zone
of South Padre Island has not been quantified,
but our subjective assessment over the years is
that all-terrain vehicle (ATV) and dune buggy
traffic has significantly decreased dune vege-
tation. In addition, two hurricanes (Allen in
1980 and Gilbert in 1988) have adversely af-
fected vegetation cover and species richness
(Judd and Sides, 1983; Judd et al., 1991). Ipo-
moea pes-caprae is a robust vine with rapid
growth. Its increase in relative importance in
the backshore zone may be related to its ability
to recover more quickly following disturbance
than can U. paniculata.

The windward slope of the primary dunes
also showed a marked decrease in species rich-
ness from 1977 (six species) to 1997 (two spe-
cies). The two dominant species were the same
at both times (U. paniculata and I. imperati = 1.
stolonifera of 1977), but their positions of im-
portance were reversed. Uniola paniculata was
second in importance in 1977 and first in im-
portance in 1997. The change in importance
may reflect only site differences in relative
abundance of the two species, whereas the de-
crease in species richness is probably due to
vehicular traffic.

The leeward slope of the primary dunes ex-
hibited a decrease in species richness from
1977 (11 species) to 1997 (seven species). In
1977, I stolonifera (=1 imperati) was a clear
dominant (IV = 81.0) with U. paniculata (IV =
31.6) and S. scoparium (IV = 30.1) of about
equal secondary importance. In 1997 S. scopa
rium (IV = 46.5), U. paniculata (IV = 45.1),
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and O. drummondii (IV = 41.9) were all ap-
proximately equal in importance. In 1977 O.
drummondii was seventh of 11 species in impor-
tance with a value of only 5.7. In 1997 L impe-
rati (=1. stolonifera) was fifth of seven species in
importance with a value of 17.4. Apparently,
the leeward slopes of the primary dunes have
been adversely affected by vehicular traffic less
than have the foredunes of the backshore zone
and the windward faces of the primary dunes.
This may be due to less vehicular traffic on the
lee slopes. The abrupt slope makes driving haz-
ardous and the looseness of the sand makes
burial of ATVs and dune buggies probable.

Judd et al. (1977) did not list relative impor-
tance of species in the secondary dunes and
vegetated flats zone. Rather, they compared
vegetation of the entire trans-island transects
because of the width of the secondary dunes
and vegetated flats compared to other topo-
graphic zones. The greatest number of species
encountered in any one of the three trans-is-
land transects was 46. We found 47 species in
the secondary dunes and vegetated flats zone
alone in 1997. Thus, there has been no reduc-
tion in species richness in the secondary dunes
and vegetated flats zone. Schizachyrium scopa-
rium was the dominant species in the trans-is-
land transects in 1977, and it was the dominant
species of the secondary dunes and vegetated
flats zone in 1997. The absence of change in
species richness and dominant species proba-
bly reflects the relatively low impact of vehic-
ular traffic in the secondary dunes and vege-
tated flats zone. Except for washover areas,
there is little vehicular traffic in the secondary
dunes and vegetated flats zone compared to
the backshore and primary dune areas.

Tidal flats were largely barren in 1977 (Judd
et al.,, 1977) and 1997. Species present were
sparsely distributed salt tolerant taxa. Species
richness of the windward face of the secondary
dune was markedly greater (12 species) than
that of the windward face of the primary dune
(two species). This reflects the less harsh en-
vironment (less salt spray and sand scouring)
and lower vehicular traffic. Species richness
was identical (seven species) on the leeward
slopes of the two dunes. Both of the dominant
species of the windward face of the primary
dune were present on the windward face of the
secondary dune. Schizachyrium scoparium was
the dominant species of the windward face of
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the secondary dune but was second in impor-
tance to P. monostachyum on the leeward slopes.
The lower importance of S. scoparium on the
leeward slopes may be due to the loose nature
of the sand here and the high degree of sand
coverage. Paspalum monostachyum is a taller,
more robust grass that is more resistant to sand
burial than is S. scoparium.

Dominant plants in the secondary dunes
and vegetated flats on South Padre Island are
similar to dominant species in relatively undis-
turbed upland grasslands in the Texas Coastal
Sand Plain. The Coastal Sand Plain occurs
northwest of South Padre Island in the portion
of the Texas mainland bordered by Baffin Bay
on the north and the Rio Grande Delta on the
south (Diamond and Fulbright, 1990). Dia-
mond and Fulbright (1990) report S. scoparium
as the dominant species with P. monostachyum
as a dominant species on moderately-drained
flats and swales and H. subaxillaris as a leading
dominant species on dune ridges and dry sand
flats.

Videography is useful in delimiting topo-
graphic features, total vegetative cover and rel-
ative cover. It is less useful in species identifi-
cation due to the presence of numerous grass-
es in the vegetation. For example, P. monosta-
chyum, with its highly reduced leaf surface area
and erectophile leaf orientation, is not easily
detected in the imagery. Multispectral imagery
obtained in mid-late October may have greater
utility. The dominant species, S. scoparium, is in
a peak flowering and fruiting phenophase dur-
ing early autumn (Lonard and Judd, 1989) and
it may exhibit a significant contrasting image
response compared to other grasses and sedg-
es.

Airborne videography appears to be a useful
technique in monitoring perturbations result-
ing from storms and human activities (Judd et
al,, 1989; Judd et al., 1991; Lonard et al. 1991).
Potential hurricane washover sites are readily
discernible on images. The imagery is useful
to a variety of resource managers and coastal
zone planners. The technology will be partic-
ularly useful in monitoring recovery of vege-
tation following tropical storms and hurri-
canes. Field investigations that follow the re-
covery of nearshore vegetation provide a simi-
lar estimation of foliar cover (Judd and Sides,
1983), but such studies are time consuming
and expensive.
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