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Bathymetric, Hydrodynamic, Biological, and Water-Quality
Characteristics of a Nearshore Area of the Laguna Madre
Near South Padre Island, Texas, 2021-22

By Stephen P. Opsabhl, Julio I. Beltran, and Darwin J. Ockerman

Abstract

A variety of data were collected by the U.S. Geological
Survey, in cooperation with the City of South Padre Island,
to better understand the physical and biological habitat in
Tompkins Channel and adjacent seagrass beds in the lower
Laguna Madre, Texas, where the construction of berms has
been proposed in the City of South Padre Island’s Shoreline
Master Plan. These berms would be used to create living
shorelines, defined as shorelines that “connect the land and
water to stabilize the shoreline, reduce erosion, and provide
ecosystem services, like [maintaining] valuable habitat, that
enhances coastal resilience.” Bathymetric surveys show vari-
ability in the lagoon depth within the study area and clearly
delineate the relatively shallow bay from the deeper Tompkins
Channel. There were seasonal patterns in daily mean tidal
water-surface elevations, with higher mean tides in the fall
and spring and lower mean tides in the winter and summer.
Seasonal differences in mean tidal water-surface elevations
were primarily caused by astronomical forces. Shorter-term
(daily and weekly) variations in tidal water-surface elevations
were produced by meteorological forcing resulting from high-
and low-pressure systems, the passage of fronts, local storms,
and tropical storms. The tide driven currents typically were
toward the north-northwest during flood tide or toward the
south-southeast during ebb tide, roughly parallel to the general
South Padre Island shoreline orientation. Prevailing water
current velocity (current speed and direction) indicates that
there usually is a net inflow into the lower Laguna Madre from
the Gulf of Mexico and a net outflow at locations north of the
study area. The overall seagrass density was generally lowest
in the northeast section of the transect. Areas of low seagrass
density were also most commonly observed close to the chan-
nel edge of the transect. Overall, Syringodium filiforme was
considerably more abundant than Thalassia testudinum and
Halodule wrightii. Amphipods from the families Ampithoidae
and Melitidae were the most abundant benthic invertebrates,
followed by gastropods in the family Calyptraeidae. Higher
abundances of benthic invertebrates were recorded at sites
farther away from Tompkins Channel than at sites closer
to it, perhaps because of the sensitivity of these organisms

to disturbances caused by erosional forces in the channel.
Changes in water-quality measured during a 2-day survey
were consistent with patterns observed in prior studies, indi-
cating biological processes likely play an important role in the
physicochemical environment of the study area. Collectively,
the data provide baseline information that can be used as refer-
ence conditions prior to any shoreline enhancement activities
in the lower Laguna Madre.

Introduction

South Padre Island, Texas, is a segment of the longest
barrier island in the world (The Nature Conservancy, 2020)
and is an integral part of the unique coastal system of south
Texas (fig. 1). The island is between the western Gulf of
Mexico and the Laguna Madre, which is one of only five
hypersaline lagoons in the world (Javor, 1989). The Laguna
Madre is divided physically into the upper Laguna Madre and
lower Laguna Madre by a land bridge (specifically, a large
mud flat) that extends from South Padre Island to the main-
land. Upon completion of the Gulf Intracoastal Waterway in
1949, the upper and lower Laguna Madre were permanently
connected by a dredged canal that came to be known as the
Land Cut (Tunnel and others, 2001) (fig. 1).

The region’s economy is largely supported by coastal rec-
reational activities and by the Port of Brownsville, which con-
tributes approximately 3 billion dollars annually in economic
revenue for the State of Texas (Port of Brownsville, 2022). To
protect and sustain this natural asset, the City of South Padre
Island’s Shoreline Master Plan (City of South Padre Island,
2018) was developed to promote bay restoration and the
development of a living shoreline. Living shorelines “connect
the land and water to stabilize the shoreline, reduce erosion,
and provide ecosystem services, like [maintaining] valuable
habitat, that enhances coastal resilience” (National Oceanic
and Atmospheric Administration [NOAA], 2022a, “What is a
Living Shoreline” section, second paragraph).

South Padre Island is subject to many coastal risks that
underscore the need for shoreline-conservation activities.

As a barrier island, South Padre Island is subject to flooding
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and shoreline erosion during wind and storm surge events
associated with tropical storms that sweep in from the south
and during wind and large wave events associated with cold
fronts that sweep in from the north or west; these storm events
adversely affect the physical habitat and biological communi-
ties within the lower Laguna Madre (Morton and Holmes,
2009). In 2009, the City of South Padre Island began a pro-
gram to rebuild dunes that were lost or damaged by Hurricanes
Dolly and Ike. Increasing the size and extent of dunes and
adding shoreline protection berms along the island beaches has
proven to be an effective tool for minimizing erosion caused
by tropical storm surges from the Gulf of Mexico (Ravella and
others, 2012).

The bayside shoreline of South Padre Island is suscep-
tible to erosional forces from both natural and human causes
(Morton and Holmes, 2009). Strong cold fronts in the winter
cause high wind velocities from the north and west, and the
resulting large waves can adversely affect the bayside shore-
line of South Padre Island. Large waves are common on the
bayside shoreline throughout the lower Laguna Madre, where
recreational and commercial boating activities abound. Habitat
such as the seagrass beds in the lower Laguna Madre also
are susceptible to the erosional forces associated with large
waves, especially along deeper canals, and in waterways with
frequent boat traffic and the dredging associated with the
maintenance of those waterways.

Much of the lower Laguna Madre is covered by sea-
grasses that form the foundation of a highly productive aquatic
ecosystem (Onuf, 2006). Seagrasses provide physical structure
in the shallow waters of the lower Laguna Madre. The sea-
grass facilitates the settling of sediment and thus contributes to
the characteristically high water clarity found throughout the
lagoon (Short and Short, 1984). Seagrass blades are a sub-
strate for the growth of nutritious epiphytic algae that support
ecologically rich and diverse communities of invertebrate and
vertebrate aquatic species (Kitting and others, 1984). Dense
seagrass beds also serve as nursery grounds that offer sanctu-
ary for juvenile fish and shellfish, including many commer-
cially important fish (Rooker and others, 1998). The Laguna
Madre provides the largest overwintering habitat in the world
for the Aythya americana (redhead duck), which relies on
the roots and rhizomes of the seagrass Halodule wrightii
(shoalweed [commonly referred to as “shoalgrass™]) for food
(Weller, 1964). Much of the region’s economy is dependent
on outdoor recreational activities and commerce, both of
which benefit from maintaining the healthy seagrass-based
coastal ecosystem in the lower Laguna Madre. Quammen and
Onuf (1993) compared vegetation maps of the lower Laguna
Madre from the mid-1960s to the late 1980s and documented
a 140-square-kilometer increase in bare seabed in areas that
had previously been covered by seagrass; they reported that
the loss in seagrass cover was confined to deeper parts of the
lagoon and suggested the loss of seagrass was likely caused by
maintenance dredging that was done to keep the deep-channel
area passable for boat traffic (Quammen and Onuf, 1993).

Introduction 3

A major component of the City of South Padre Island’s
Shoreline Master Plan is the establishment of intertidal berms
to create natural bulkheads that will reduce wave energy along
the shoreline of the bay and decrease bay flooding from storm
surges (Texas General Land Office, 2022). The proposed
shoreline protection berms also are intended to support bay
restoration efforts by improving habitat quality. For example,
the placement of berms is intended to assist with the control of
erosion caused by vessel-generated waves, a common phe-
nomenon in intracoastal waterways during low tides (Sanchez,
2018); the Gulf Intracoastal Waterway is a heavily used
corridor for barge and boat traffic. The berms are expected to
facilitate development of additional wetland intertidal zones
offering juvenile nurseries, foraging areas for migratory birds,
and improved water quality (NOAA, 2022a; Ravella and oth-
ers, 2012). To support the establishment of living shoreline
habitat at South Padre Island, the U.S. Geological Survey
(USGS), in cooperation with the City of South Padre Island,
collected different types of data during 202122, including
bathymetric, hydrodynamic, biological, and water-quality data.
The bathymetric and hydrodynamic data were collected to
help characterize the physical forces (tides and currents) that
drive coastal erosion. Biological data were collected to help
characterize seagrass density and benthic invertebrate com-
munity structure; these data serve as indicators of ecosystem
health. To help characterize the water-quality, water-quality
properties and sediment data were also collected.

Purpose and Scope

The purpose of this report is to provide an assessment
of bathymetric, hydrodynamic (tidal and current), biological
(seagrass and benthic invertebrate), and water-quality data,
including sediment data to characterize recent (2022) baseline
conditions in a 21-acre nearshore area of the Laguna Madre
adjacent to the bayside shoreline of South Padre Island. Data
were collected from shallow and deep parts of the study area.
Summary statistics and data correlation metrics were deter-
mined for water-quality properties collected during the study.
Determining the extent to which the data collected from the
study were typical of the surrounding area within the lower
Laguna Madre was beyond the scope of this study.

Data Availability

The sediment data (suspended-sediment concentration
and sand-fine particle size separation data) produced dur-
ing this study are available from the USGS National Water
Information System (NWIS) (U.S. Geological Survey, 2022).
The hydrodynamic data from August 19, 2021, through
April 27,2022, are available in a companion data release
(Ockerman, 2022b). The remaining data are available from
associated data releases describing the bathymetry (Ockerman,
2022a), seagrass abundance and distribution, benthic inver-
tebrate abundance, and water-quality properties (Opsahl
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and others, 2022). Tidal water-surface elevation data from
August 19, 2021, through August 19, 2022, are also avail-
able in NWIS.

Methods

Bathymetric, hydrodynamic (tidal water-surface elevation
and current velocity), biological (seagrass and benthic inverte-
brate), and water-quality data (selected water-quality prop-
erties and suspended-sediment concentration and sand-fine
particle size separation analyses) were collected during fall
2021 through spring 2022. Bathymetric data were collected
from sites in the study area, a 21-acre nearshore area of the
Laguna Madre, near South Padre Island, during July 13 and
15, 2021 (Ockerman, 2022a) (figs. 1 and 2). The study area
includes a shallow-water area and a deep-channel area. The
approximately 14-acre shallow area is farther from shore and
ranges from about 1 to 4 feet (ft) deep, depending on tidal con-
ditions. The approximately 7-acre deep-channel area is closer
to shore and consists of a dredged channel approximately
6-11 ft deep (Tompkins Channel) that can accommodate boat
traffic. The monitoring sites are on and adjacent to the western
shoreline of South Padre Island in the shallow-water area and
a deep-channel area waters of the lower Laguna Madre (fig. 1;
table 1). Different bathymetric data-collection methods were
used for the shallow and deep-channel areas.

Shallow-area data were collected July 13—15, 2021, by
using a Real Time Network (RTN) Global Navigation Satellite
System (GNSS), which included a Leica rover antenna that
uses network reference station data and navigation satellite
data to determine real-time horizontal and vertical position
(Leica Geosystems, 2010). The rover antenna was mounted on
a 2-meter rod and placed directly from the boat onto the bay
bottom to measure the bottom elevation.

Before each measurement, the boat was positioned and
anchored to the seabed to secure the boat from currents for
steady positioning of the GNSS antenna. Measurements were
collected at a spatial density of approximately one mea-
surement per 850 square feet of area. Measurements were
distributed roughly uniformly over the shallow area. Each
measurement was an instantaneous (1-second) measurement.
The general survey quality is classified as a level IV survey
(Rydlund and Densmore, 2012). The GNSS system used was a
Leica Viva series receiver (GS14 antenna) and Data Collector
(CS20 Field Controller). The Leica GNSS system provides
outputs of the estimated coordinate quality (CQ) associated
with each measured position. There are three CQ outputs,
expressed as distance (Leica Geosystems, 2010):

e CQ3D—three-dimensional coordinate quality of
reported position

» CQ2D—two-dimensional (horizontal) coordinate qual-
ity of reported position

* CQ1D—one-dimensional (vertical) coordinate quality
of reported position

Coordinate quality outputs are available for each survey point.

Deep-channel area data were collected by using an
RTN GNSS Trimble R10 rover antenna (Trimble Navigation
Limited, 2015) connected to an underwater SonarMite single-
beam echo sounder (Ohmex Instrumentation, 2016). The
rover-echo sounder system was deployed from a moving boat
used to collect bathymetric data along transects parallel to the
channel. Measurements were collected at a density of approxi-
mately 1 measurement per 190 square feet of area. However,
measurements were not uniformly distributed but, rather,
concentrated in transects oriented north-south, parallel to the
channel direction. Data collection was more concentrated
where the channel began to deepen to provide greater resolu-
tion in the transition area between the deeper channel and the
shallow bay. This transition area between the deeper channel
and the shallow bay will be altered during berm placement,
and greater bathymetric detail will help guide this process
(City of South Padre Island, 2018). Each measurement was
an instantaneous (1-second) measurement. The GNSS system
used to collect data in the deeper-channel area was a Trimble
GNSS system (R10 antenna and TSC7 Field Controller) and
SonarMite v. 5 echo sounder. The Trimble system (Trimble
Navigation Limited, 2015) provides outputs of the estimated
horizontal and vertical precision of each measured point
(Rydlund and Densmore, 2012). Measured echo-sounder
depths are referenced to the Trimble antenna measure point.
Those depths were subtracted from the GNSS measured eleva-
tion to determine the elevation of the seabed referenced to the
North American Vertical Datum of 1988 (NAVD 88).

Error estimates of individual echo-sounder depth mea-
surements were not available. Manufacturer estimates of echo-
sounder accuracy are 1 centimeter, or 0.1 percent of measured
depth. Coordinate accuracy of the Trimble GNSS measure-
ments (estimated horizontal precision and vertical precision of
each measured point) are considered indicative of the overall
coordinate accuracy of the deep-channel area data.

Survey data were used as inputs for an interpolation
process to create a digital elevation model surface. This pro-
cess creates a gridded continuous surface, with each grid cell
containing a bottom elevation value. Surveyed values were
used as inputs, and various methods were applied to estimate
elevation values in areas where elevation was not measured.
The bathymetric surface raster was constructed by means of
inverse distance-weighted interpolation as applied through the
Spatial Analyst toolbox extension of Esri’s ArcGIS desktop
software (Esri, 2022).

Summary statistics were computed for the water-quality
properties for each of the two days of sampling (minimum,
maximum, median, and mean values). The Spearman's rank
correlation coefficient (Helsel and others, 2020) was used to
determine the strength and direction of the relation between
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Table 1.
station, Laguna Madre, South Padre Island, Texas, 2021-22.

[dd, decimal degrees referenced to North American Datum of 1983]

Site locations for U.S. Geological Survey (USGS) continuous monitoring tidal water-elevation station and current velocity

USGS station number

USGS station name

Latitude Longitude

Site type (fig. 1) (fig. 1) (dd) (dd) Data type
Tidal gaging 260552097100701 Tompkins Channel at South Padre 26.09792 —97.16883  Tidal water-
station Island, Tex. surface
elevation
Current velocity 260606097101101 Laguna Madre Site 1 near South Padre 26.10181 —97.16986  Current velocity

station Island, Tex.

each water-quality property and the local time (hours and
minutes of the day) when a given water-quality property was
collected.

Instantaneous RTN GNSS measurements using the real-
time Leica equipment were made at a reference mark estab-
lished on the seawall adjacent to the study area. The elevation
of the reference mark was determined from a separate level |1
GNSS survey, which has a precision of 0.03 ft and an uncer-
tainty greater than or equal to 0.1 ft (Rydlund and Densmore,
2012). The instantaneous GNSS measurements each were
made before and after the daily survey of bathymetric points
using the Leica GNSS system on July 15, 2021. The mean
elevation of four measurements (two measurements before and
two measurements after the daily bathymetric data collection)
was —0.008 ft different from the elevation determined from the
level 11 survey.

To test for consistency between the two GNSS measure-
ment systems, a one-time (July 13, 2021), in situ comparison
of the Leica GNSS measurements and the Trimble/Sonar-
Mite GNSS measurements was made on a stable test surface
established at a location in the shallow bay area. A large flat
rock served as a temporary monument and was placed on
the bay bottom at a depth of about 2.5 ft. Measurements of
the elevation of the top of this surface were made with each
of the GNSS (Leica and Trimble/SonarMite) systems and
are available in Ockerman (2022b). The difference between
two measurements made with each system was 0.01 ft and
indicated measurements made by the two GNSS systems were
consistent with each other.

Continuous (15-minute interval) tidal water-surface ele-
vation data were collected at USGS station 260552097100701,
Tompkins Channel at South Padre Island, Tex. (Ockerman,
2022b) (fig. 1; table 1) between August 19, 2021, and
August 19, 2022. Tidal water-surface elevation data were col-
lected by using a nonsubmersible pressure transducer refer-
enced to the North American Vertical Datum of 1988 (NAVD
88). Data were recorded every 15 minutes, transmitted hourly
to the Geostationary Operational Environmental Satellite, and
downloaded to the NWIS database (U.S. Geological Survey,
2022). The site was visited periodically to verify the recorded
stage was accurate (Rantz and others, 1982; Turnipseed
and Sauer, 2010). The tidally filtered daily mean stage was

calculated to help detect any long-term trends by using the
Godin filter to remove tidal signals (the effects of daily tides
on the recorded stage) (Godin, 1972).

Current velocity (speed and direction) data were col-
lected from August 19, 2021, to April 27, 2022, at USGS
station 260606097101101, Laguna Madre Site 1 near South
Padre Island, Tex., approximately 300 ft west of the shore-
line (Ockerman, 2022b) (fig. 1; table 1). Current data were
collected by using a Nortek ECO acoustic Doppler current
profiler (ADCP) (Nortek, 2022) during six deployments. In
between each deployment, the ADCP was cleaned, the data
were downloaded, and the instrument battery was recharged.
Between deployments there were gaps of missing data that
ranged from 12 to 24 hours. All water elevations were refer-
enced to NAVD 88. The ADCP measured current speed and
direction hourly at three different water elevations: 0.49 ft
(lower elevation), 0.98 ft (middle elevation), and 1.48 ft
(upper elevation) above the top of the ADCP (the top of the
ADCP was set just above the seabed at an elevation of —1.4 ft,
NAVD 88) (Ockerman, 2022b).

To inventory the extent of biological resources in the
study area, an array of eight transects with three biological-
sampling sites along each transect was established by using
a hand-held Global Positioning System unit. The location of
the transects coincides with the planned location of berms that
will be constructed in association with the City of South Padre
Island. The fixed grid of eight transects with three sampling
locations on each transect, all evenly spaced, was used to
provide adequate coverage for representing the biological
communities within the study area.

Three 10-centimeter-diameter cores were collected at
each station for a total of 72 cores. Seagrass shoot abundance
in each core was determined by sieving all sediment from
plant material, separating live plant material by species, and
counting the total live above-ground shoot numbers according
to species (Onuf and Ingold, 2007). Each core was visually
inspected for seagrass species, which, for this survey, included
Syringodium filiforme (Manatee grass), Thalassia testudinum
(turtlegrass), and Halodule wrightii (shoalgrass) and the abun-
dance of each type was recorded. The abundance of the three
seagrass species in each core was recorded.



Bathymetric, Hydrodynamic, Biological, and Water-Quality Characteristics 17

Benthic invertebrate samples were collected concurrently
with seagrass samples to assess abundance and determine
which species were present. The benthic macroinvertebrate
samples were collected from the sediment surface by using a
Petite Ponar sampler (U.S. Environmental Protection Agency,
2020). After the samples were collected, they were placed into
a plastic 17.5-liter holding tote box on a metal culling board.
The samples were then strained through a 2.00-millimeter
(mm), size 10 mesh sieve, and any visible organisms were
placed into site-specific sampling bottles. The remaining
water, sediment, vegetation, and organisms were then strained
again through a 0.45-mm, size 35 mesh sieve to ensure
organisms that were not readily visible or attached to vegeta-
tion were collected (U.S. Environmental Protection Agency,
2016). Benthic samples were preserved on site in a solution of
70-percent ethyl alcohol.

Benthic macroinvertebrate samples were further pro-
cessed after returning from the field. The larger specimens
were sorted by hand prior to the use of additional sample
sieving procedures. The remaining vegetation and sediment
were rinsed into the 17.5-liter holding tote boxes positioned
above the size 35 sieve and subsequently the size 10 sieve
to isolate the smaller specimens, which were collected with
forceps and added to the respective sampling bottles for each
site. Individuals were isolated on an Olympus SZX16 stereo
microscope for photographs and identification. Individuals
were identified by use of a microscope and online photographs
and resources including those from Harte Research Institute
for Gulf of Mexico Studies (2022), Bowling (2021), Global
Biodiversity Information Facility (2022), WoRMS Editorial
Board, (2022), and Barcode of Life Data Systems (2022).
Individuals that could not be identified by means of photo-
graphs and available resources were sent for identification
by researchers at the Harte Research Institute at Texas A&M
University Corpus Christi. The family, genus, and species of
each individual invertebrate were recorded. All individuals in
each sample were identified to avoid skewed data that could
result from random subsampling of benthic samples with few
invertebrate individuals.

All individuals identified down to the species level were
verified by using information from the Integrated Taxonomic
Information System (ITIS) database (ITIS, 2022). The results
are included in the “Bathymetric, Hydrodynamic, Biological,
and Water-Quality Characteristics” section of this report and in
the companion USGS data release (Opsahl and others, 2022).
Individuals were identified down to the family or genus level
by using information from ITIS. If individuals were missing
head capsules or were damaged, they were not identified at
the family level; however, they were included in the dataset
because they represented additional benthic invertebrates that
were present in each sample.

Water-quality measurements were made at each station
(fig. 1; table 1) before samples were collected for seagrass
and benthic invertebrate species identification and abundance
quantification. Water depth, temperature, specific conductance,
dissolved oxygen, pH, and turbidity were measured before

and after the biological samples were collected. A YSI EXO2
sonde (Xylem, 2023) was used to make the water-quality mea-
surements onsite following USGS guidelines (U.S. Geological
Survey, variously dated). Ancillary water-quality informa-
tion, including air temperature, wind speed, and wind direc-
tion, were measured by using a Kestrel 5500 weather meter
(Kestrel, 2022). Air temperature, wind speed, and wind direc-
tion are recognized drivers of water quality in Gulf of Mexico
estuaries (McCarthy and others, 2018; Paul and others, 2019).

Suspended-sediment grab samples were collected during
November 2021-May 2022 following standard USGS meth-
ods described in Edwards and Glysson (1999). A total of nine
environmental samples and one replicate were collected and
analyzed by the USGS New Mexico Sediment Laboratory for
sediment mass, sediment concentration, sediment mass greater
than 0.0625 millimeter (mm) (sand-sized particles), and sedi-
ment mass less than 0.0625 mm (silt- and clay-sized particles)
using methods described in Guy (1969). Tidal conditions were
noted at the time of sample collection.

Bathymetric, Hydrodynamic,
Biological, and Water-Quality
Characteristics

Understanding the interplay of bathymetry within the
study area and driving forces, such as wind and boat traffic,
provides a framework for evaluating the type and configura-
tion of any berms that might be constructed to reduce shore-
line erosion. The bathymetric surveys show variability in
bottom contours within the study area and clearly delineate
the relatively shallow area from the deep-channel area known
as the Tompkins Channel (fig. 2). Depths for the shallow bay
survey ranged from 1.46 to 4.70 ft (median depth 2.87 ft)
with progressively shallower elevations located westward of,
and farther away from, Tompkins Channel. The depth range
reported from the shallow bay survey of the seagrass beds near
Tompkins Channel is typical of much of the lower Laguna
Madre (Onuf, 2006). Depths for the deep-channel area survey
ranged from 2.67 to 11.01 ft (median depth 7.81 ft), with the
deepest values near the centroid of Tompkins Channel. The
sharp dropoff that occurs at the interface of shallow bay area
and deep-channel area of Laguna Madre (Tompkins Channel)
is controlled by periodic dredging of the deep-channel area to
support boat travel.

The bathymetry surveys provide context for under-
standing seasonal variations in shoreline erosion. In warmer
months, the predominant wind direction is from the southeast,
and the western side of South Padre Island along Tompkins
Channel is protected from the formation of waves and wind-
driven erosion under these conditions. The distance travelled
by wind over open water, across Tompkins Channel to the
seagrass beds, is relatively small (approximately 200-300 ft),
and this reduces the formation of large wind-driven waves
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reaching the edge of the seagrass beds during periods of
southeast winds. In contrast, winds from the north and west in
the cooler months generate much larger waves on the eastern
side of the lower Laguna Madre that cause erosional prob-
lems on the western shore of South Padre Island. In addition
to wind-driven waves, the waves caused by commercial and
recreational boating also contribute to erosion on the western
side of South Padre Island.

Tidal water-surface elevations in the Laguna Madre are
important in geomorphological and biological processes;
notably, meteorological forces (wind, air pressure, and weather
patterns) are more influential on tides than astronomical forces
(solar and lunar gravity) (Rusnak, 1960). Between August 19,
2021, and August 19, 2022, tidal water-surface elevations at
the Tompkins Channel station ranged from —1.64 ft to 1.93 ft
(NAVD 88), with a mean of 0.26 ft (fig. 3). Tidally filtered
daily means (Godin, 1972) ranged from —0.70 to 1.2 ft NAVD
88), with a mean of 0.26 ft (fig. 3). The tidal water-surface
elevation range in the study area is smaller in magnitude
compared to that of the adjacent Gulf of Mexico because
tidal forces from the Gulf of Mexico are dampened as they
enter the relatively shallow lower Laguna Madre through
nearby tidal inlets, including Brazos Santiago Pass (NOAA,
2022b) (fig. 1). Daily mean tidal water-surface elevations
changed seasonally and were highest in fall 2021 and spring
2022, peaked in October, and lowest values were observed in
winter and summer 2022. These seasonal patterns of gener-
ally higher tidal water-surface elevations in the fall and lower
elevations in winter and summer are consistent with previ-
ous observations of tidal water-surface elevations in Laguna
Madre (Smith, 1978) and are driven primarily by astronomi-
cal forces. Shorter-term (daily and weekly) variations in tidal

water-surface elevations are produced from meteorological
forcing caused by high- and low-pressure systems, the passage
of fronts, local storms, and large tropical storms, including
hurricanes. During these times, astronomical tides appear as
relatively minor features in tidal water-surface elevations.
Overall, tidal patterns in the lower Laguna Madre are charac-
terized as having diurnal, semidiurnal, and mixed tide cycles,
which may include one high and one low tide of nearly equal
magnitude per lunar day, two high and two low tides per lunar
day, or an irregular pattern of high and low tides of different
magnitudes, respectively (Gill and others, 1995). These pat-
terns, in turn, are superimposed on the larger seasonal tem-
poral pattern caused by astronomical factors. Although tidal
patterns in the lower Laguna Madre are difficult to predict
given the complexity of the various forces involved, observa-
tions from the Tompkins Channel station are consistent with
nearby tidal measurements made at the Brazos Santiago Pass
(NOAA, 2022b) and accurately reflect local tidal conditions
near the study area.

Water-current velocity (speed and direction) affects
seagrass bed health. Water-current velocity affects the trans-
port of nutrients, sediment stability, water chemistry, and
seagrass canopy configuration (Fonseca and others, 2019).
ADCP depth-averaged water-current velocity measurements
depict the integrated water-column motion (fig. 4). Water
speed ranged from 0 to 1.67 feet per second (ft/s). The tide-
driven currents typically were toward the north-northwest,
between 315° and 360° (which corresponds to 0° on fig. 4),
during flood tide into the Laguna Madre, or toward the south-
southeast, between 135° and 180°, during ebb tide when water
flows out of the Laguna Madre (roughly parallel to the general
South Padre Island shoreline orientation). During this study,

-1 EXPLANATION

—— Continuous measurements
(15 minute)

Tidal water-surface elevation, in feet relative to
the North American Vertical Datum of 1988
o

—— Tidally filtered daily mean
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Date

Figure 3. Continuous (15-minute) and tidally filtered daily mean tidal water-surface elevations measured at the Tompkins
Channel at South Padre Island, Texas (U.S. Geological Survey gaging station 260552097100701), August 19, 2021-August 19, 2022.
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the maximum flood tide current was 1.67 ft/s, whereas the
maximum ebb tide current was 1.28 ft/s (fig. 4). The shore-
line trends northwest-southeast in the study area. The speed
of currents parallel to the shoreline was typically more than
0.6 ft/s, whereas the speed of currents that were not paral-

lel the shoreline was typically less than 0.6 ft/s. Overall, the
prevailing water current velocity (current speed and direction)
determined during this study coincides with the findings of
previous studies (East and others, 1998; Hedgpeth, 1967),
indicating that there is a net inflow into the lower Laguna
Madre from the Gulf of Mexico and a net outflow at locations
north of the study area.

Understanding the distribution and abundance of sea-
grass in areas adjacent to dredged channels such as Tompkins
Channel can aid evaluation of the effectiveness of management
actions related to shoreline stability. The seagrass survey con-
ducted within the study area documented the presence of three

seagrass species: Syringodium filiforme, Halodule wrightii,
and Thalassia testudinum (fig. 5; table 2). Shoot counts for
individual species indicate that Syringodium filiforme was
considerably more abundant in the study area than Thalassia
testudinum or Halodule wrightii (fig. 5B-D). Syringodium
filiforme shoot counts ranged from 0 to 20.8 shoots per

100 square centimeters (cm?2), whereas shoot counts ranged
from 0 to 4.67 and O to 14.9 shoots per 100 cm? for Thalassia
testudinum and Halodule wrightii, respectively. Median shoot
counts were considerably higher for Syringodium filiforme
(12.1 shoots per 100 cm?) compared to 1.70 and 0 shoots per
cm? for Thalassia testudinum and Halodule wrightii, respec-
tively. Although Halodule wrightii was particularly abundant
at site 6C, there were no Halodule wrightii shoots at more
than half the sites, resulting in a median value of 0 shoots per
100 cm? and making Halodule wrightii the least abundant
seagrass species on an overall basis.
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Figure 4. Scatterplotin polar coordinates depicting depth-averaged current velocity
(current speed and direction), in degrees from true north, at the Laguna Madre Site 1 near
South Padre Island, Texas (USGS station 260606097101101), August 18, 2021-April 27, 2022.
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Figure 5. Seagrass shoot density shown within the transect study area for A, summation of all species, B, Syringodium
filiforme, C, Halodule wrightij, and D, Thalassia testudinum.



Table 2. Transect site information, seagrass data, and benthic invertebrate data from U.S. Geological Survey transect surveys in the Laguna Madre, South Padre Island, Texas,
September 8-9, 2021.

[Dates shown as month, day, year. dd, decimal degrees referenced to North American Datum of 1983; cm?, square centimeter; NA, not applicable]

Transect Seagrass density Benthic
Date number Latitude Longitude (sum of the number of shoots per 100 cm?) inver.teb.ra.te density
and (dd) (dd) Syringodium Thalassia Halodule Total (individuals
point filiforme testudinum wrightii per 100 cm?)
9/8/2021 1A 26.10204 —97.17052 13.2 0.425 0 13.6 2.80
9/8/2021 1B 26.10204 -97.17016 13.6 2.97 0 16.6 1.29
9/8/2021 1C 26.10204 -97.16979 0 0 0 0 1.08
9/8/2021 2A 26.10171 —97.17043 20.4 2.97 0 23.4 2.37
9/8/2021 2B 26.10171 -97.17006 7.22 3.40 0 10.6 3.66
9/8/2021 2C 26.10171 -97.16970 4.25 3.40 0.849 8.5 1.72
9/8/2021 3A 26.10138 —97.17052 13.6 1.70 0 15.3 2.37
9/8/2021 3B 26.10138 -97.17016 14.9 2.97 0 17.8 2.58
9/8/2021 3C 26.10138 -97.16979 2.97 0 0 2.97 0.86
9/8/2021 4A 26.10105 —97.17043 7.64 4.67 0 12.3 4.09
9/8/2021 4B 26.10105 —97.17006 0 1.27 0.425 1.70 0.65
9/8/2021 4C 26.10105 —97.16970 5.10 0 5.10 10.2 2.15
9/9/2021 5A 26.10072 —97.17052 13.2 2.12 0 15.3 9.26
9/9/2021 5B 26.10072 -97.17016 3.40 2.97 0 6.37 1.72
9/9/2021 5C 26.10072 -97.16979 9.34 3.40 1.70 14.4 2.80
9/9/2021 6A 26.10039 —97.17043 15.3 1.27 0 16.6 4.09
9/9/2021 6B 26.10039 -97.17006 17.4 3.82 0 21.2 2.37
9/9/2021 6C 26.10039 -97.16970 6.79 0 14.9 21.7 1.08
9/9/2021 TA 26.10006 —97.17052 9.34 1.70 0.425 115 6.03
9/9/2021 B 26.10006 -97.17016 15.7 3.82 0 195 3.01
9/9/2021 7C 26.10006 -97.16979 11.0 1.70 0 12.7 3.88
9/9/2021 8A 26.09973 —97.17043 20.8 0.85 3.82 255 14.4
9/9/2021 8B 26.09973 —97.17006 18.7 1.27 0 20.0 3.66
9/9/2021 8C 26.09973 -97.16970 13.2 0.85 3.40 17.4 0.86
Minimum NA NA NA 0 0 0 0 0.65
Maximum NA NA NA 20.8 4.67 14.9 255 14.4
Median NA NA NA 12.1 1.70 0 14.9 2.48

Mean NA NA NA 10.7 1.98 1.27 14.0 3.28
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Combining shoot data from all three species provides
an overview of the distribution of seagrass in the study area.
The combined sum of shoot counts from all three species
ranged from 0O to 25.5 shoots per 100 cm? (fig. 5A; table 2).
Seagrass density was generally lowest in the northeast section
of the transect. Areas of low seagrass density were also most
commonly observed close to the channel edge of the transect.
Overall, Syringodium filiforme was considerably more abun-
dant than Thalassia testudinum and Halodule wrightii. The
results of this seagrass survey document recent (2022) condi-
tions for the area of interest along Tompkins Channel where
berms may be placed to reduce shoreline erosion.

A total of 366 individual organisms were identified as
benthic invertebrates. There were 18 individuals that could
not be identified at the family level. For the remainder of the
sample set, 32 different families were represented. Amphipods
were the most abundant group, with the family Ampithoidae
accounting for 113 of the total number of individuals,
Melitidae accounting for 50 of the total number of individuals,
and Calyptraeidae (gastropods) accounting for 24 of the total
number of individuals. In many instances, organisms were not
identified down to the genus or species level, although 36 dif-
ferent genera and 34 different species were documented. The
total number of individuals and taxonomic identification of
each are documented in Opsahl and others (2022).

The total number of individuals was used to assess
the spatial distribution of benthic invertebrates within the
study area (fig. 6; table 2). Numbers of individuals among
sites ranged from 0.65 to 14.4 individuals per 100 cm?2.
Higher abundances were recorded at sites farther away from
Tompkins Channel and farther south within the study area. A
lower density of individuals was evident in the northeastern
part of the study area. Lower numbers of benthic invertebrates
near Tompkins Channel could result from disturbances in the
channel. Benthic invertebrates in the Laguna Madre were
reported to be sensitive to disturbances from dredging and
recovered more slowly than seagrass and fish communities
(Sheridan, 2004). Thus, benthic invertebrates could serve as
good indicator organisms to evaluate the effects of activities
related to shoreline erosion that are being considered at or near
the study area.

Water-quality data were collected to help characterize the
physicochemical framework in which biological communities
exist. Temperatures during the 2-day survey (September 89,
2021), ranged from 29.4 to 32.5 degrees Celsius (°C; median
30.8 °C), (table 3). Specific conductance provides an indirect
measure of salinity because it represents the sum of dissolved
ions in solution (Hem, 1982; 1985); specific conductance
ranged from 55,200 to 56,000 microsiemens per centimeter at
25 degrees Celsius (uS/cm at 25 °C; median 55,500 puS/cm at
25 °C). Specific conductance was high for saline waters (with
most seawater measuring approximately 35,000 puS/cm at
25 °C), consistent with the hypersaline conditions characteris-
tic of the lower Laguna Madre (Javor, 1989). pH ranged from
7.1t0 9.0 (median 8.5), indicating slightly basic conditions

characteristic of seawater (NOAA, 2018). The dissolved oxy-
gen concentration ranged from 2.9 to 10.3 milligrams per liter
(mg/L; median 6.4 mg/L), indicating conditions ranging from
less than 50 percent saturation to near 100 percent saturation
can occur in the study area. Turbidity values ranged from 1 to
34 nephelometric turbidity units (median 10.4 nephelometric
turbidity units) indicating relatively low turbidity in the waters
of the lower Laguna Madre during calm conditions (Short and
Short, 1984). Overall, the water-quality data collected dur-
ing the 2-day survey for this assessment were consistent with
hypersaline calm water conditions.

Given the small size and relatively shallow water in the
study area, characterizing the possible causes of any spatio-
temporal variations in water-quality properties was not possi-
ble. Previous studies have indicated that spatiotemporal varia-
tions in water-quality properties are often driven by diurnal
processes and biological activity (Ziegler and Benner, 1998).
Where water-quality measurements were made, the water
was shallow (4 ft deep or less) and likely well-mixed. Hence,
measurements made at individual sampling points in the shal-
low part of the study area were assumed to be comparable.
Changes over the course of the 6 hours that were sampled on
both day 1 and day 2 were evident for all constituents except
turbidity (table 3). Increases in temperature between midmorn-
ing and midafternoon were not surprising, given there were
no large shifts in weather conditions during this 2-day survey.
Increases in pH and corresponding increases in dissolved oxy-
gen are consistent with increased plant productivity, primarily
by seagrasses as well as algae and phytoplankton (Ziegler and
Benner, 1998). As sunlight increases, photosynthetic processes
in seagrasses become active, resulting in the uptake of dis-
solved carbon dioxide and production of dissolved oxygen.

Suspended-sediment concentration data and sand-fine
size separation data obtained by separating the sand-size
suspended sediment from fine (silt and clay) sized suspended
sediment (Guy, 1969) provides insights into water-quality
conditions within the lower Laguna Madre. Suspended sedi-
ment concentrations in this study ranged from 2 to 28 mg/L
(table 4). The low concentrations and narrow range in sedi-
ment concentrations are consistent with calm conditions
within the Laguna Madre at the time of sampling; notably,
no samples were collected during periods of high winds or
cold fronts. Sand-sized particles are greater than or equal to
0.0625 mm in diameter or larger, whereas fine-sized par-
ticles are less than 0.0625 mm in diameter (Guy, 1969). The
percentage of fine-sized suspended sediment ranged from
55 to 89 percent. Sand-sized particles are heavier than fine-
sized particles, so the high percentages of fine-size particles
are not surprising given the relatively calm conditions. Wind
and currents are major factors that can cause resuspension
and redistribution of sediments from the bottom of the bay
system. New sources of sediment can also be introduced into
the Laguna Madre from inland sources or by inflows of water
from the Gulf of Mexico that transport suspended material
from offshore sources (Morton and others, 2000). A loss of
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Figure 6. Benthic invertebrate density based on the total number of all individuals shown within
the transect study area.

suspended material may occur through transport processes suspended-sediment concentrations associated with human
causing water and its associated load of suspended material to  activities is an important variable that can be used to differen-
leave the system through exchanges with the Gulf of Mexico tiate and evaluate the effects of management practices when
or by transport into Corpus Christi Bay (Morton and others, establishing stabilizing structures such as intertidal berms
2000). Human factors associated with dredging and boat traf- ~ within the Laguna Madre system.

fic also influence suspended-sediment dynamics. Changes in
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Table 3. Summary statistics for select water-quality parameters from the U.S. Geological Survey water-quality transect survey in the
Laguna Madre, South Padre Island, Texas, September 8-9, 2021.

[HH, hours; MM, minutes; UTC, coordinated universal time; NA, not applicable; n.d., not determined]

Specific
Time Transect Water c(_)nducftance Dissolved Turbidity
(HHMM UTC, number Depth temperature (mlcr03|gmens p qugen (nephelometric
24-hour al!d (feet) (degr_ees per centimeter (mllllg_rams turbidity units)
format) point Celsius) at 25 degrees per liter)
Celsius)
Day 1 (Sept. 8, 2021)
0848 1A 3.0 30.2 55,209 8.0 3.1 15
0916 1B 3.0 30.4 55,308 8.1 3.3 25
0942 1C 4.3 30.6 55,270 8.3 4.3 6.7
1005 2A 3.0 30.4 55,311 8.3 3.9 4.2
1032 2B 3.0 30.7 55,314 8.4 51 2.8
1101 2C 2.0 311 55,262 8.4 6.6 34.0
1240 3A 3.2 31.9 55,529 9.0 7.4 5.9
1312 3B 2.9 32.2 55,310 8.8 9.7 18.2
1340 3C 2.3 31.7 55,371 8.7 6.6 22.2
1402 4A 31 325 55,408 8.7 10.2 13.8
1425 4B 3.1 317 55,349 8.6 6.4 9.0
1447 4C 2.6 31.7 55,277 8.5 6.5 6.1
Day 2 (Sept. 9, 2021)
0859 5A 3.3 29.4 55,468 7.1 2.9 27.2
0933 5B 3.2 29.6 55,648 8.5 3.1 10.2
0945 5C 2.3 29.6 55,656 8.4 3.3 1.0
1008 6A 3.3 29.7 55,578 8.4 4.7 125
1037 6B 2.9 29.8 55,572 8.5 5.2 13
1104 6C 35 30.0 55,611 8.5 5.8 8.8
1256 TA 2.9 30.7 55,956 8.9 8.4 10.6
1322 B 2.8 31.0 55,929 8.7 9.4 29.0
1348 7C 2.3 30.8 55,758 8.6 6.9 16.6
1412 8A 2.9 31.3 55,975 8.7 10.3 144
1436 8B 2.6 313 55,851 8.7 9.3 25.8
1502 8C 3.0 30.9 55,736 8.6 6.4 11.8
Minimum NA n.d. 29.4 55,209 7.1 2.9 1.0
Maximum NA n.d. 325 55,975 9.0 10.3 34.0
Median NA n.d. 30.8 55,499 8.5 6.4 10.4

Mean NA n.d. 30.8 55,527 8.5 6.2 12.3
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Table 4. Suspended-sediment concentration and summary statistics for samples collected at Laguna Madre Site 1 near South Padre

Island, Texas (U.S. Geological Survey station 260606097101101).

[Dates shown as month, day, year. HH, hours; MM, minutes; UTC, coordinated universal time; <, less than; >, greater than or equal to; mg/L, milligram per liter;
mm, millimeter; R, replicate sample not used in calculation of summary statistics; NA, not applicable; n.d., not determined]

Time Suspended sediment mass Suspended
Suspended .
(HHMM . (grams) R sediment
Tidal sediment . .
Date UTC, . . sieve diameter
conditions concentration
24-hour Total <0.0625 mm >0.0625 mm (mg/L) percentage
format) <0.0625 mm
11/2/2021 0815 Outgoing 0.0201 0.0110 0.0091 3 55
11/2/2021-R 0820 Outgoing 0.0150 0.0093 0.0057 2 62
1/24/2022 1445 Incoming, near low  0.0533 0.0400 0.0133 8 75
tide
1/25/2022 0945 High tide 0.0841 0.0630 0.0211 12 75
3/16/2022 0915 Outgoing, near low  0.0406 0.0327 0.0079 12 81
tide
4/27/2022 1430 Incoming, near 0.0677 0.0572 0.0105 21 84
high tide
4/28/2022 0815 Outgoing 0.0962 0.0858 0.0104 28 89
Minimum NA NA n.d. n.d. n.d. 2 55
Maximum NA NA n.d. n.d. n.d. 28 89
Median NA NA n.d. n.d. n.d. 12 78
Mean NA NA n.d. n.d. n.d. 14 77
Implications for Shoreline Summary

Conservation Activities

The data in this report were collected from Tompkins
Channel and adjacent seagrass beds in the lower Laguna
Madre to support efforts to protect and restore shoreline
habitat and resources as they relate to the construction of a
living shoreline. The types of data described in this report
are intended for use in shoreline conservation activities such
as determining the optimal size and shape of any berms that
might be constructed to reduce shoreline erosion caused by
waves. Bathymetric data from the study area were used to
create a high-resolution map of the bottom topography of the
study area to provide needed information about the physical
structure of the areas selected for berm placement. Tide and
current data describe the velocity (speed and direction) of
water movement in the shallow seagrass beds and can be used
to help understand and predict transport and deposition of sus-
pended sediment during periods of disturbance. Seagrass shoot
density, diversity and abundance of benthic invertebrates, and
water quality were evaluated as metrics to enumerate biologi-
cal characteristics of most importance to maintaining eco-
system community structure in areas undergoing disturbance
associated with dredging and deposition of dredged material.
Collectively, the data provide recent (2022) baseline informa-
tion that can be used for reference prior to any new shoreline
conservation activities.

South Padre Island, Texas, is a segment of the longest
barrier island in the world and is an integral part of the unique
coastal system of south Texas. The Laguna Madre extends
from South Padre Island to the mainland and is one of only
five hypersaline lagoons in the world. As a barrier island,
South Padre Island is subject to flooding and erosion of its
shorelines during wind and storm surge events; these storm
events adversely affect the physical habitat and biological
communities within the lower Laguna Madre. The City of
South Padre Island’s Shoreline Master Plan was developed
to promote bay restoration and the development of living
shorelines—shorelines that “connect the land and water to
stabilize the shoreline, reduce erosion, and provide ecosystem
services, like [maintaining] valuable habitat, that enhances
coastal resilience.” To improve and protect habitats, the City
of South Padre Island’s Shoreline Master Plan proposed
to establish intertidal berms to reduce wave energy and
reduce erosion.

Bathymetric and hydrodynamic data were collected
by the U.S. Geological Survey, in cooperation with the City
of South Padre Island, to characterize physical forces that
drive coastal erosion. Bathymetric surveys clearly delineate
the sharp change in elevation from the shallow bay to the
deep area associated with Tompkins Channel maintained
by periodic dredging to support boat traffic in the channel.
Seasonally, the seagrass beds in the shallow bay reduce the
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formation of large wind-driven waves and associated erosion
on the western shoreline of South Padre Island. Tidal water-
surface elevations affected by astronomical forces exhibit

a seasonal pattern with higher elevations in fall and spring
and lower elevations in winter and summer. Superimposed
onto the large seasonal tidal water-surface elevation pattern
are smaller variations that are due to meteorological forcing
caused by high- and low-pressure systems, as well as the pas-
sage of fronts, local storms, and tropical storms. Tidally driven
currents roughly parallel the South Padre Island shoreline,
typically toward the north-northwest during flood tide and
toward the south-southeast during ebb tide. Prevailing water
current velocity (current speed and direction) data indicate

a net inflow into the lower Laguna Madre from the Gulf of
Mexico and a net outflow north of the study area.

Biological data and water-quality properties were col-
lected as indicators of ecosystem health. Seagrass and ben-
thic invertebrate densities were generally lower closer to the
deep-channel area and higher farther away from the channel
edge. Syringodium filiforme was considerably more abundant
than Thalassia testudinum and Halodule wrightii. Amphipods
from the families Ampithoidae and Melitidae were the most
abundant benthic invertebrates, followed by gastropods from
the family Calyptraeidae. Higher abundances of benthic inver-
tebrates were recorded at sites farther away from Tompkins
Channel, perhaps because of their sensitivity to disturbances
from erosional forces in the channel. Water-quality data col-
lected during the 2-day survey for this assessment were con-
sistent with hypersaline calm water conditions featuring low
concentrations of suspended sediment. This report provides
recent (2022) baseline physical characteristics and ecosystem
health indicators that inform shoreline conservation activities.
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