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EVALUATING CREATED MARSH AT SAN JACINTO BATTLEGROUND SHP

Ted Hollingsworth, Texas Parks and Wildlife, Houston, Texas

Overview
San Jacinto Battleground State Historical Park preserves the battleground where Texas won her
independence from Mexico in a brief but decisive battle on April 22,1836. The marsh at San
Jacinto, which covered about 300 acres at the time, played a significant role in the outcome of the
battle, when fleeing Mexican soldiers bogged down in the marshy ground and were slaughtered
by Texian volunteers. By the 1980's, a quarter of the marsh had eroded into the Houston Ship
Channel, and most of what remained had drowned due to subsidence. Preserving what is left of
this floodplain system is a high priority for Texas Parks and Wildlife, due to its unique biological
and cultural values.

After consulting with wetland biologists inside and outside the agency, TPW decided to restore
200 acres of knee-deep water to emergent tidal marsh. This shallow water drained through one
narrow channel, called Santa Annas Bayou. By constructing two (2) low-water dams and water
control structures across Santa Annas Bayou, dividing the area into two 100-acre "cells", it
became possible to control the hydraulic placement of dredged sediment to create new marsh
substrate. The upstream cell, "Cell I", was filled with sediment from the Houston Ship Channel
and the Bertrand Power Station of H,L&P, in early 1997. The downstream cell, "Cell II" is being
filled as clean sediment becomes available.

Since 1997, the sediment placed into Cell I has dewatered significantly, creating tidal channels
and ponds as intended. Most of the new marsh is revegetated with smooth cordgrass, native
sedges and rushes. Some areas which are still above high tide elevations are infested with salt
cedar, although marshhay cordgrass and native upland species have also become established.

The purpose of this report is to review the procedures used in restoring this wetland complex,
assess the changes taking place in the biological values represented in the new marsh, and
discuss management implications for this and other hydraulically created marshes in southeast
Texas.

Methods
The characteristics of sediment dredged from existing channels, docks and slips, called
maintenance material, makes it a logical choice for restoring the substrate of broad shallow
basins. This material exits the dredge discharge pipe as a liquid slurry. Depending upon salinity,
temperature, sediment characteristics and other factors, the sediment in this slurry can remain
suspended for a considerable time, while the material flows to fill the basin. This enables the
project manager to fill the basin uniformly, and predict the final elevation of the marsh substrate
following dewatering. Although there is no absolute control over final topography, it can be
manipulated to a limited extent during sediment placement.
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At San Jacinto, the goal of restoration is to return the floodplain to its historic appearance and
function. The appearance of the marsh is important for interpretation of the 1836 battle. For
decades, the broad expanse of open water where marsh should have been has confused visitors
and complicated interpretation. The functions of the marsh are biological. As the marsh has
subsided and drowned, primarily due to ground water withdrawal, productivity and diversity
have declined significantly.

Historic aerial photographs of the San Jacinto Marsh suggest that it was largely high marsh or
salt meadow, dominated by marshhay cordgrass (Sporting patens\ Nonetheless, the decision was
made to choose target elevations for restoration which would result in the creation of low marsh,
dominated by smooth cordgrass (S. alterniflord). There were two reasons for this decision. First,
sediment placement is not an exact science, and it was felt that the risks of placing sediment too
high were far greater than the risks of placing sediment too low. While it would be almost
impossible to lower sediments once placed, it would be possible to hydraulically add more
material if needed. In addition, periodic floods of the San Jacinto River and Buffalo Bayou
naturally deposit new sediments on the floodplain and are believed to convert low marshes to
high marshes over time.

Second, the funds which paid for site preparation work came from the settlement of an oil spill,
which resulted in impacts to low marsh. Use of the funds on this project was contingent on a
design which would favor the creation of low marsh. In reality, the project achieves both goals,
as low and high marshes are visually very similar, and the restored wetland complex is a mosaic
of high marsh, low marsh, isolated ponds and tidal open waters.

Success criteria and quantitative evaluation of restoration success are based on coverage of
vegetation, especially smooth cordgrass, in the new marsh. Periodic visual surveys are
complimented each winter by high-resolution aerial photography. Subjective evaluations of
success have been made based on visual observations of wildlife, largely avifauna, before, during
and after restoration. Although no scientific surveys have been done, the observations of several
biologists serve to establish clear trends in diversity and utilization.

Results
The results of placing dredged maintenance material on other broad level sites, such as Atkinson
Island, in Galveston Bay, have underscored the value of creating some topography on restoration
sites. Topography assists in the formation of tidal channels, isolated pools, and vegetation
diversity, and results in a "final product" which more closely resembles a natural system. At San
Jacinto, a couple of measures were taken to help insure the creation of some topography. For one,
a limited number of dredge discharge points were used. While this resulted hi several acres of
land above the target elevation, it did result hi subtle but significant large-scale undulations hi the
surface of the placed material.

Also, the placed material was allowed to dewater for a year before any serious effort was made at
revegetation. It was felt that this would retard the consolidation of sediments, giving moving tidal
water and storm runoff more of an opportunity to carve channels in and out of the marsh basin.
Unfortunately the site experienced a prolonged drought immediately after sediment placement, so
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a crust formed quickly on the new marsh surface and runoff was not a factor. Nonetheless,
sufficient topography appears to have been created, as today the marsh approaches the half and
half open water and vegetation cover considered ideal, and much of the new marsh receives tidal
flushing in normal tides.

Biological values were considered limited in the pre-project basin. In summer, the water would
become hot and oxygen levels would dip. Fish kills were not uncommon. Wildlife use was
minimal, with bird use limited to rafts of two or three species of ducks in the winter, and an
occasional great blue heron at other times. This situation has changed dramatically. On any day, a
visitor to the marsh can now expect to see hundreds of birds, of a number of species, including
white pelicans, roseate spoonbills, reddish egrets, great egrets, and a host of herons, terns, gulls,
shore and wading birds. Wood ibis frequent the new marsh in summer, while osprey and several
species of ducks are common in the winter.

Other wildlife appears to be benefiting from the restoration, including the river otter and diamond
back terrapin, both of which are spotted with increasing frequency. The increase in vegetation,
habitat diversity and water quality has clearly had impacts throughout the wetland ecosystem.

Conclusion
TPW is currently in the process of restoring the 100-acre Cell II of the San Jacinto Marsh.
Approximately 100,000 cubic yards of maintenance material were placed there in May, 2000.
Another 300,000 cubic yards will be placed as the material becomes available. Experience, and
the success of restoration in Cell I suggest the following.

Final elevation of placed material is critical in determining and defining the outcome of the
marsh creation effort. Differences in final elevation of a few inches can and will dictate what
vegetation will and will not grow. The timing of material dewatering is also a factor, as was
learned at San Jacinto. New hydraulically-placed marsh substrate will invariably spend some
time above target elevation. This time represents an opportunity for salt cedar, marsh elder, and
other unanticipated or undesirable vegetation to become established in places it might not
otherwise survive.

Topography is also critical. Without sufficient variation in surface elevations, the restoration
project can become a monoculture with low diversity. Subtidal, intertidal and high marsh
elevations and habitats should work together to create diversity and system health.

A system for documenting biological parameters before and after restoration is not necessary but
is desirable. At San Jacinto, only a nominal effort was made to document water and wildlife
conditions in the project site before and after the project. Although this was a conscious decision,
based on available time and resources, better project documentation would have been useful and
desirable, both for quantifying project success and for planning future projects.

This project was made possible by the assistance and support of several state and federal
agencies and the private sector working together on every aspect of the project from engineering
to funding to planting. Without these beneficial partnerships, this project would have never
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happened. The total project cost has been a little under one thousand dollars per acre. The return
to the people of Texas in cultural and biological values has been tremendous. The Battleground
where Texas won her independence looks far more like it did in 1836, and thousands of birds and
animals have new habitat for resting, foraging and nesting. The new marsh at San Jacinto
compliments the greater bay and gulf ecosystem by replacing lost tidal marshes, crucial in the life
cycles of most of our commercially important shell and fin fishes. The projects benefits are
numerous and far reaching, and should continue so for generations to come.
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MARSH TERRACING AS A METHOD FOR RESTORING ESTUARINE HABITAT IN
GALVESTON BAY, TEXAS

Lawrence P. Rozas, National Marine Fisheries Service, Galveston, Texas
Thomas J. Minello, National Marine Fisheries Service, Galveston, Texas

Terracing is a relatively new wetland-restoration technique used to convert shallow subtidal
bottom to marsh. This method uses existing bottom sediments to form terraces or ridges at
marsh elevation. A terrace field composed of these ridges arranged in some pattern that
maximizes intertidal edge and minimizes fetch between ridges is constructed, and the intertidal
area is planted with marsh vegetation. Recently, marsh terracing was used to restore estuarine
habitat at Galveston Island State Park, and additional restoration projects using this technique in
Galveston Bay are planned for the future. To assess whether marsh terracing can enhance fishery
habitat, we examined the habitat value of a terraced area constructed in 1991 at Sabine National
Wildlife Refuge (Sabine NWR), Louisiana. We quantified and compared nekton densities in
spring and fall 1999 hi a terrace field and nearby reference or control area at Sabine NWR using
a 1-m2 drop sampler. Decapod crustaceans were more abundant than fishes, composing 62% and
95% of all organisms we collected hi spring and fall, respectively. White shrimp Litopenaeus
setiferus. daggerblade grass shrimp Palaemonetes pugio. blue crab Callinectes sapidus. and
brown shrimp Farfantepenaeus aztecus accounted for 94% of all crustaceans, whereas 60% of all
fishes were gulf menhaden Brevoortia patronus. Mean densities of white shrimp (fall),
daggerblade grass shrimp, blue crab, and brown shrimp (spring) were significantly greater in
terrace marsh than over the control pond bottom. Moreover, densities of gulf menhaden and
white shrimp were greater at terrace pond sites than control pond sites. Terrace marsh, however,
was not functionally equivalent to natural marsh, as mean densities of daggerblade grass shrimp
(fall), brown shrimp (spring), and blue crab were higher at control marsh sites than terrace marsh
sites. When marsh terracing is used for compensating unavoidable damages to coastal wetlands,
mitigation ratios could be adjusted to account for this lack of functional equivalency. Future
restoration projects that include design changes to increase the proportion of marsh in the terrace
field could enhance the habitat value of marsh terraces for fishery species. Because marsh
terraces provide nursery habitat and support higher densities of most fishery species than shallow
nonvegetated areas, replacing nonvegetated bottom within Galveston Bay and other northern
Gulf of Mexico estuaries with terraces should benefit most species by increasing the total area of
nursery habitat.
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MODIFIED TERRACING STRATEGIES FOR MARSH CREATION

Linda R. Shead, Galveston Bay Foundation, Webster, XX
Alisha R. Goldberg, Galveston Bay Foundation, Webster, TX

Abstract
The Habitat Conservation Blueprint identifies 167 Galveston Bay sites which are in need of
habitat restoration and/or conservation. Of these, many have been affected by subsidence. With
the decrease in subsidence rates around the Bay, it is now feasible to raise the elevation of
subsided areas and plant new marsh vegetation. Terracing techniques, such as those developed
in Louisiana have been used to restore habitat at Galveston Island Park, and at Pierce Marsh. At
Pierce Marsh, 153 terraces were constructed and planted, resulting in the restoration of
approximately 62 acres of intertidal and subtidal habitat. One year later, vegetation is becoming
established and the area is being utilized by marsh fauna. Lessons learned at Pierce Marsh have
implications for the design and placement of terraces for future restoration projects.

Description
The Pierce Marsh Complex stretches about 15 miles from Hall's Bayou to Virginia Point,
neighboring the SCENIC GALVESTON John M. O'Quinn 1-45 Scenic Estuarial Corridor Marsh.
The tract, part of which is owned jointly by the Galveston Bay Foundation and the Nature
Conservancy of Texas, includes salt prairie, low marsh, and open water habitat. Subsidence and
erosion have converted a large area of emergent marsh to open water, now known as Basford
Lake. The sediment at the restoration site consists mainly of stiff clays.

In 1999,153 terraces were constructed using a lightweight marsh buggy backhoe. Mud from the
lake bottom was piled up to create the terraces, which measured approximately 18 ft. Wide by
160 ft. long. The sides of the terraces were constructed with a slope of 3:1, allowing for a
planting zone approximately 3 ft. wide. Smooth cordgrass, Spartina alterniflora, was planted on
1-meter centers, between 0.8 and 1.8 NGVD hi elevation. The terraces were arranged in an
open-cornered checkerboard pattern, in an effort to maximize the amount of marsh/open water
edge, minimize fetch distances, and maximize the ingress and egress of fisheries species.

The Pierce Marsh terraces were planted, hi large part, by volunteers participating in GBF's
Marsh Bash and weekend restoration dates. Over a period of about 2 months, 185 volunteers
contributed 626 hours of their time to plant a total of 49,000 sprigs of grass.

Within the project area, volunteers also planted .67 acres of widgeon grass, Ruppia maritima.
The submerged aquatic vegetation was planted in 12 test plots using 3 different methods: peat
pots, plant forms, and broadcasting.
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The new habitat will be monitored for a period of three years. GBF monitors the vegetation
semi-annually, beginning in October 1999. The National Marine Fisheries Service conducted
pre-construction fauna! sampling, and will sample again once vegetation becomes established.

The Pierce Marsh Restoration Project was funded by the Natural Resource Damage Assessment
from the 1990 Apex-Shinoussa oil spill in Galveston Bay, as well as by the Galveston Bay
Estuary Program, U.S.D.A. Natural Resources Conservation Service, and the U.S. Fish and
Wildlife Service.

Results
The stiff clay sediments at Pierce Marsh resulted in relatively easy terrace construction and very
stable 3:1 side slopes. In addition, there was little settling of the material once it was placed.
Within the 62-acre restoration area, approximately nine linear miles of fringing marsh were
created. One year after planting, cordgrass is becoming established, and the area is being used by
a variety offish, shellfish, and birds.

The volunteer-based planting events provided educational opportunities for citizens to learn
about the functions and values of marsh habitat, the links between habitat and their communities,
and the need for marsh restoration.

Currently, no widgeon grass is present in any of the test plots. The outer terraces, which are
exposed to a long fetch distance, are eroding before vegetation can become well established.
Additionally, the regular, open-cornered arrangement of the terraces appears to be encouraging
high-speed boat traffic across the restoration area. This activity could potentially increase
erosion of the new habitat and disturb the bay bottom, thereby affecting the success and longevity
of the project In addition, the rectilinear terraces have been characterized as visually less
attractive than natural marsh.

Conclusion
Terracing can be an effective marsh creation technique for subsided areas of Galveston Bay
which are protected from wave energy. Such restoration projects can provide effective, hands-on
learning opportunities for the public. Each time additional terraces are constructed at Pierce
Marsh, they will be built between the existing terraces and the far shore of the open water area,
so that the fetch distance affecting outer terraces will be cut in half. Where settling is minimal,
and erosion is an issue, it may make sense to plant the tops of the terraces. For future restoration
efforts, the checkerboard terrace pattern will be modified to create a more irregular, natural-
looking marsh complex.

References
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MARSH MANIA: COMMUNITY-BASED HABITAT
RESTORATION FOR GALVESTON BAY

Alisha R. Goldberg, Galveston Bay Foundation, Webster, TX
Linda R. Shead, Galveston Bay Foundation, Webster, TX

Abstract
Marsh Mania is an annual restoration and education event held at several sites around Galveston
Bay. The event provides a focal point for restoration efforts by involving national and local
partners, and by providing citizens with an opportunity to learn about the functions and values of
marshes while creating habitat within their own community. Restoration sites and strategies are
selected from the Habitat Conservation Blueprint by a technical advisory team. Each year,
hundreds of volunteers participate in the restoration of several acres of estuarine habitat. The
success of Marsh Mania demonstrates that community-based planting events are an effective way
to implement the habitat restoration and public participation and education goals of the
Galveston Bay Plan.

Description
The Galveston Bay Foundation and its partners have been involving volunteers in marsh planting
since 1990. Upon completion of the Habitat Conservation Blueprint, it became clear that
successful implementation would be closely linked with an interested and informed public.
Marsh Mania (originally Marsh Bash) was developed as a way to involve local communities in
the creation of marsh habitat. The goals of the event included: creation of marsh at multiple
sites around the Bay, hands-on education of participants, and the education of a larger audience
by drawing media attention.

The Marsh Mania Steering Committee includes representatives from conservation organizations,
state and federal resource agencies, industry, and universities. The Committee helps to guide and
implement all phases of the event, from site selection and restoration planning to volunteer
recruitment and education, and sponsor solicitation and publicity.

Sites are selected based on: the need for and feasibility of restoration; accessibility by
volunteers; availability of resources; and the status of, and potential for building upon, ongoing
restoration projects. Marsh Mania sites have included: Anahuac National Wildlife Refuge,
Armand Bayou Nature Center, Galveston Island State Park, the Pierce Marsh Complex, San
Jacinto State Historical Park, SCENIC GALVESTON's John M. O'Quinn 1-45 Estuarial
Corridor Marsh, Seabrook Lagoon, Swan Marsh at Houston Point, and the Texas City Prairie
Preserve. Each site is coordinated by a Site Leader, who represents the site on the Steering
Committee.
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In preparation for Marsh Mania, smooth cordgrass, Spartina alterniflora, is cultivated at Reliant
Energy HL&P's Cedar Bayou Marine Research Center. Four of the nine sites have required
terracing, grading of the shoreline, or filling with dredged material to create elevation suitable for
marsh growth. At one site, a wave barrier was constructed to protect the new habitat from high
wave energy.

Volunteers are recruited through presentations at schools and GBF partner organizations, at
festivals, and through print, radio, and television media. Sponsors are solicited for the various
restoration, education, and volunteer support activities.

On the day of the event, volunteers are assigned to small groups, led by Restoration Team
Captains, who provide information about planting techniques, as well as the functions and values
of marshes, habitat loss, and the need for habitat restoration. Planting is followed by lunch,
entertainment, educational displays, and door prizes.

Results
In 1999, more than 1,500 volunteers participated directly in the event. The volunteers planted
approximately 70,000 plants, creating new habitat at the eight sites. This first event set a national
record for volunteer marsh planting, and demonstrated great interest in community-based habitat
restoration. More than 80 sponsors contributed to the success of the event. The event received
extensive coverage in local media, highlighting habitat loss and restoration, and reaching tens of
thousands of people in the Galveston Bay area.

Sponsors and participants urged GBF and its Marsh Bash Partners to develop an annual event.
The event and the Steering Committee have been identified as models for community-based
habitat restoration, and have received awards from the Texas Natural Resource Conservation
Commission, the Gulf of Mexico Program, and the EPA 5-Star Program.

In 2000, five sites were ready for restoration by Marsh Mania volunteers. Over the three-week
course of the final implementation of Marsh Mania, nearly 800 people participated in the
preparation, planting, and follow-up for the effort, despite record cold, rainy weather the day of
the main event. Volunteers planted more than 130,000 plants at the five sites. Community
support was further demonstrated by the participation of more than 90 sponsors.

Conclusions
Large-scale volunteer-based planting events are an effective way to implement the habitat
restoration and public participation and education goals of the Galveston Bay Plan. Strong
national, regional, and local partnerships are essential to the success of these habitat education
and restoration efforts.
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SEAGRASS RESTORATION IN THE GALVESTON BAY ESTUARY

Pete Sheridan, National Marine Fisheries Service, Galveston, Texas

Seagrasses are flowering plants, complete with leaves, a rhizome (an underground horizontal
stem) and a root system, that grow entirely underwater in shallow marine or estuarine areas. Most
seagrass species are located in silty or sandy sediments. Seagrasses tend to develop extensive
underwater meadows that resemble fields of wheat. Seagrasses are believed to be derived from
terrestrial plants which returned to the sea by gradual, progressive steps. Flowers bloom and are
pollinated underwater, often producing seeds in great quantities. The growth of a seagrass
meadow occurs by vegetative spread via extension of the rhizome and by the germination and
growth of seedlings. The only remaining natural seagrass beds left in the Galveston Bay system
grow in Christmas Bay.

Seagrasses are important not only for the plant biomass produced but also for shoreline sediment
stabilization and as a physically stable refuge and nursery ground for valuable fishes, shrimps,
crabs, and their prey. Seagrasses such as shoalgrass (Halodule \vrightii) and turtlegrass
(Thalassia testudiman) began declining in the 1960's and disappeared from the margins of West
Bay, the western arm of the Galveston Bay estuary, between 1975 and 1982. This loss of over
450 hectares was attributed to direct and indirect effects of waterfront dredging for canal housing
developments, wastewater discharges, storms, and unidentified point source pollution.

Seagrass restoration has been viewed as a method for offsetting losses from natural phenomena
such as storms and from human impacts such as dredging and coastal development on Galveston
Island. The National Marine Fisheries Service (NMFS) has conducted and is now monitoring
three seagrass restoration experiments that began in 1994 (Redfish Cove), 1999 (West Galveston
Island), and 2000 (Galveston Island State Park). Results and lessons learned from each site will
be presented.

The 1994 Redfish Cove experimental restoration was planted in April 1994 with shoalgrass plugs
collected from Matagorda Bay near Palacios. Redfish Cove is 2 km east of San Luis Pass on the
western end of Galveston Island. [Another two beds were planted at Snake Island Cove, 10 km
east of San Luis Pass, using materials from Matagorda Bay near Port O'Connor. These beds
failed after 16 months for unknown reasons.] The experiment examined effects of planting depth,
planting density, and fertilizer application. Detailed monitoring of shoalgrass planting methods
and survival at Redfish Cove during 1994-1995 indicated that survival, coverage, and new shoot
densities were significantly higher when plants were closely placed on 0.25-m or 0.5-m centers
[rather than widely placed on 1.0-m centers] and when plants were placed in relatively shallow
water [near water's edge during winter low tides]. Use of fertilizer increased initial spread of
plants from plugs but did not enhance overall survival. During 1994-1997, densities of fishes,
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shrimps, crabs, and benthos (e.g., worms, clams, and small crustaceans) in the planted bed were
above those observed in adjacent unplanted sands but below densities found in natural seagrass
of nearby Christmas Bay. The perimeter and area of the planted bed at Redfish Cove have been
mapped annually since 1996. The maps indicate loss of deeper water areas but stability and
expansion of the shallowest region. This bed was used in 1999 as a donor site and seemed to
recover most of the shallow vegetated area by the 2000 survey. Seagrass shoot densities remain
below those of Christmas Bay but root biomass is comparable. Since 1998, volunteer beds have
begun growing west of the experimental site that may have come from propagules breaking off
the planted beds.

The 1999 West Galveston Island experimental restoration was planted during May-August 1999
with shoalgrass plugs collected from Matagorda Bay (near Port O'Connor), East Matagorda Bay,
Christmas Bay, and the 1994 Redfish Cove test bed. Four sites were planted within the western 4
km of the island. Proceeding west from the Bay Harbor canal development, the sites were named
Tower, Chassis, Redfish, and Beach. The experiment intended to examine effects of planting site,
donor site, planting density, and planting month. Overall survival as of September 2000 was only
2.4% of the nearly 28,000 plugs that were planted. No plants survived at the easternmost Tower
site, while survival was highest at Redfish. This indicates that much of the undeveloped shoreline
along western Galveston Island may not be suitable for rapid re-colonization by seagrasses. Port
O'Connor plants had the highest overall survival and individual planting date survival. This
performance indicates that the failure of the 1994 planting of Port O'Connor shoalgrass at Snake
Island Cove was probably site-related, not donor-related. All plants survived better when planted
on 1.0-m versus 0.5-m centers (the opposite of what was found after 1994 planting). Shoalgrass
survived better when planted during July and August than when planted during May and June.
Small scale experiments in Redfish Cove, when combined with the 1994 and 1999 experiments,
indicate that shoalgrass transplants will survive planting during any month, provided the site is
amenable.

The 2000 Galveston Island State Park (GISP) experimental restoration was initiated in October
2000. Marsh terracing was implemented during 1999 in Carancahua Cove at GISP and in Pierce
Marsh near Bayou Vista. One of the side benefits of this construction method is creation of still-
water cells between levees which have reduced turbidity and thus might be amenable to support
of submerged seagrasses. During 1999, shallow areas of Dana Cove at GISP were unexpectedly
found to harbor beds of seagrasses (clovergrass Halophila engelmannii and shoalgrass). It is
possible that the seagrass beds in Dana Cove are derived from propagules drifting in from
adjacent West Bay experimental sites, from Christmas Bay, or from small-scale restoration
experiments conducted on-site during 1995-1999. These experiments used seagrass debris from a
power plant on Upper Laguna Madre as well as live bare root plantings. Although there was no
reported survival from these experiments, viable propagules could have floated to areas amenable
for growth. Recent surveys of Pierce Marsh have not located any submerged aquatic vegetation;
however, wigeongrass Ruppia maritime, is known to occur in the vicinity. This experiment will
evaluate the utility of three seagrass restoration methods within marsh terrace fields and examine
use of these created habitats by juvenile nekton (fishes, shrimps, and crabs). Comparisons will be
made among planted and non-planted cells within the terrace fields. Seagrass planting will be
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conducted using broadcast, plug, and injector boat methods. Broadcast planting involves
obtaining intake screen debris from a power plant on the Upper Laguna Madre and scattering it
across the interior of a cell. The debris contains sprigs of clovergrass, shoalgrass, wigeongrass,
and other seagrass species. The peat pot method involves taking live seagrasses from donor beds
with a sod plugger, placing plugs of seagrass and sediment into peat pots, then planting the peat
pots. This method has been used successfully for the 1994 and 1999 experiments. The injector
boat uses a proprietary planting device operated by Aquatic Subsurface Injection Systems, Inc. of
Florida. The device injects sprigs of seagrass into the sediment on a spacing interval prescribed
by the owner. Assessment of planting success and fauna! use will be conducted in October 2001
and April 2002.
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DETERMINING GENETIC DIVERSITY OF THE SEAGRASS HALODULE
WRIGHTII USING RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD)

Rachel Angel, University of Houston, Houston, Texas

The genetic diversity of two populations of the seagrass Halodule wrightii from Christmas Bay
and a Flour Bluff cooling pond in Corpus Christi was determined using Random Amplified
Polymorphic DNA (RAPD). H. wrightii from Florida Bay was used for comparison. H.
'wrightii with a high level of genetic diversity has the best chance of adapting to a recipient site
after being transplanted to Galveston Bay, Texas, which has lost over 90% of its seagrass since
1956. Seagrass beds are economically important because they provide a nursery habitat for 28%
of commercial fish species and 30% of blue crab and shrimp populations in Galveston Bay.
Recent technological advances have made it possible to transplant large areas with seagrass using
less time and money than previous methods. Isozyme analysis had shown that H. wrightii
populations in Texas had low genetic diversity. RAPD is more sensitive to detecting genetic
diversity than isozymes because it samples coding and noncoding sections of the genome. The
number of loci amplified allows identification of individuals within a population. RAPD revealed
a high level of polymorphism. An Analysis of MOlecular VAriance (AMOVA) showed that
approximately 60% of genetic variation was found among populations indicating a
heterogeneous species. UPGMA cluster analysis showed every individual except one clustered
within its population. All individuals appeared to have unique genotypes. Corpus Christi
clustered more closely to Florida Bay than to Christmas Bay. These results were not expected
since Corpus Christi and Florida Bay are separated by 1600 km whereas Corpus Christi is only
400 km from Christmas Bay. The similar habitats of Corpus Christi and Florida Bay may be
acting as a selection agent or mating time may differ between Christmas Bay and Corpus Christi
thus preventing gene flow.
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COASTAL PROTECTION AND ENHANCEMENT THROUGH
OYSTER REEF BIOENGINEERING

Dr. Sherwood M. Gagliano, Coastal Environments Inc., Baton Rouge, Louisiana
Mark Gagliano, Coastal Environments Inc., Baton Rouge, Louisiana

Oyster reefs occur in coastal waters throughout the world and are common in may northern Gulf of
Mexico bays. Reefs provide habitat for marine life and birds, provide shoreline protection, and
produce shell that accumulates and forms shell beaches and islands. Oyster reefs can be initiated
along the muddy shorelines of lakes and bays to form barriers against future erosion. Seed oysters
placed in specially designed and fabricated Reefblksm units are utilized to establish the reefs. The
growing shells fuse together and proliferate, producing a large calcium carbonate community.
Secondary organisms in turn become encrusted on the firm oyster shell base.

The Reefblk8111 technique results in more rapid formation of reefs than through natural reef formation.
The reefs enhance aquatic and avian habitat diversity, recreational and commercial fisheries
productivity, and provide a natural management tool for combating coastal erosion. The process has
potential applications anywhere oyster will grow, along the shores of lakes and bays, around islands,
and along the banks of natural streams and canals. The Reefblksm system is patented, it was
developed with the support of a team of experienced scientists, and it has been proven through
successful installations in Louisiana coastal waters.

In 1995, Coastal Environments, Inc., in conjunction with the Lafourche Parish Government, was
selected in a regional competition and awarded a grant by the U.S. Environmental Protection
Agency=s Gulf of Mexico Program to construct an artificial oyster reef along the shore of Bay
Rambo in Lafourche Parish, Louisiana. The bioengineered reef system was monitored, and after
having been in place for nine months was found to be completely intact. The oyster showed profuse
growth, having extended through and around the mesh containers. New spat attachment and seed
oyster growth exceeded expectations. An abundance of secondary organisms were found attached
to and growing on the reef, as well as an increase in the shellfish and finfish in the vicinity of the
reef.

Subsequent annual monitoring data has shown continued success. In addition to rapid biological
growth and productivity, the reef has reduced wave induced shoreline erosion by providing a natural
breakwater, and has retained substantial amounts of sediment in and behind the reef block system.
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