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Abstract

A well-defined turbidity maximum zone (TMZ) exists upstream ofthe
entrance to Charleston Harbor, South Carolina, on the Cooper River,where
the salinity varies between 5-15%. The TMZ is characterized by 40% light
transmission overa5 cm path-length near the bottom,ascompared to 60-80%
light transmission elsewhere. The range of total suspended sediment (TSS)
concentration varies from 60-100 g/nrin theTMZ, while 10-40 g/m3 is the
common TSS concentration elsewhere in the estuarine portion of Charleston
Harbor and the Cooper River. TSS was correlated with transmissivity using
a second degree polynomial curve (r2=0.79). TSS concentration depends
largely ontidal stage and varies significantly from spring to neap tide. Spring
tide TSSconcentrations are 2-3 times greater than concentrations during neap
tides. High tide concentrations are twice as great as low tide concentrations.
The net downstream transport of suspended sediment is primarily a function
of freshwater discharge, but is particularly large when flood events coincide
with spring tides.

Introduction

Estuariesarecomplexdynamicsystemsthat serveas abuffer between
terrestrial and marine environments. Dynamic estuarine processes control
how suspended sediments are distributed and transported. Estuarine
processes occur over a range of time scales from burst events to systematic
variations withintidal cycles, semidiurnal, diurnal, weather cycle, seasonal, and
interannual cycles (Dyer, 1986; Kjerfve and Magill, 1990). The variability of
freshwater discharge at the upstream boundary is a major control on sediment
concentration and transport (Schubel and Pritchard, 1986; Sharp et al., 1986;
Williams, 1989), together with tidal forcing at the downstream boundary
(Uncles, 1983; Aubrey, 1986; Abraham, 1988). Freshwater discharge andtidal
forcing produce gravitational circulation and salinity stratification within
estuaries and can be directly related to the distribution of TSS concentration
and the location of the turbidity maximum zone (TMZ).

The TMZ forms downstream of the interface between fresh and
saline waters in most coastal plain estuaries. It is a region of high total
suspended sediment (TSS) concentration compared to other parts of the
estuary. The mechanism thought most likely to govern the formation of this
zone is estuarine circulation (Festa and Hansen, 1978), though flocculation,
deflocculation, and local resuspension are contributing mechanisms. To
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explam the distribution and dynamics of TSS in estuaries, it is imperative to
understand the estuarine dynamics.

McCarthy et al. (1974), Hoskin et al. (1978), and others developed
relationships between suspended sediment concentration and transmissivity
using field and laboratory data. Despite limited success in particular systems,
no universal relationship exists. However, a consistent relationship appears
to be possible to define for individual estuaries (McCarthy et al., 1974),
allowing TSS to be characterized in terms of light transmissivity. This is a
more attractive technique of determining TSS on a routine basis compared
with filtering water samples.

It is my objective to establish a relationship between TSS and light
transmissivity for Charleston Harbor and the Cooper River, and use this to
characterize TSS variabilityand the physical processesthat influence sediment
transport in the Charleston system. Longitudinal field measurements,
spanning a four-year period, consisting of salinity, transmissivity and
suspended sediment, collected during varying tidal and river flow conditions,
are analyzed in the study. In addition, several cross-sectional sets of
measurements were undertaken in the turbidity maximum zone.

Characterization of the Charleston Harbor System

Charleston Harbor is a major estuarinesystem alongthe southeastern
coast of the United States (lat N 33° and long W 80°). The harbor is fed by
three rivers, the Ashley, Cooper, andWando (Fig. 1),with average freshwater
discharges of 10, 3, and 127 m3/s, respectively. The estuarine portion of the
system covers 110 km2 at Mean Low Water (MLW), and is surrounded by an
extensive, frequently inundated, 160 km2 brackish and salt marsh area. The
water volume in the estuary measures 6.39 x 108 m3 at MLW.

The Cooper River has been the site of a number of water diversion
projects (Kjerfve, 1976,1989; Kjerfve and Magill, 1989a, 1989b, 1990), where
the mean freshwater discharge was altered, primarily in response to the need
for generation of electricity. Completion of the Cooper River Diversion
project in 1941 increased the freshwater runoff from 2 m3/s to 418 m3/s,
whereas the Cooper River Rediversion project in 1985 caused a reduction of
the average freshwater discharge to127 m3/s (Kjerfve and Magill, 1989b). As
a result of the 1985 rediversion, salinity increased, tidal intrusion affected the
system further upstream, and the sediment regime adjusted. The Cooper
River still contributes the majorityof freshwater input to the system (127 ±
75 m /sec) and most of the suspended sediment input. The Ashley and
Wando rivers have discharges of 10 m3/s and 3 m3/s, respectively. All three
rivers are tidally driven to their upstream ends, which in the case of the
Cooper River is to the Pinopolis Dam, 89 km upstream of Fort Sumter at the
Charleston Harbor entrance.
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Sediment Environment

Sediment studies in Charleston Harbor were done by Neiheisel
(1966), Neiheisel and Weaver (1967), Meade (1969), and van Nieuwenhuise
etal. (1978). These investigations occurred before rediversion and provide the
opportunity to compare sediment characteristics in Charleston Harbor prior
and subsequent to the rediversion.

Since the 1985 rediversion, the riverine input of clay sediments has
decreased and oceanic sands have become the dominant sedimentary feature
in the lower harbor (USACE, 1987). This is mainly due to increased
landward bottom tidal currents associated with rediversion. Clay minerals are
still abundant within the Cooper River and are the main component of the
suspended material associated with the turbidity maximum zone.

Changes in the sediment environment are important for the
management of the estuary, including dredging. The U.S. Army Corps of
Engineers presently spends $3 million annually todredge the main navigation
channel of3x106 m3 ofmaterial and an additional $7 million to dredge the
harbor entrance (between the jetties). Shoaling, as well as salinity intrusion,
has been attributed to the dredging and deepening of channels (Festa and
Hansen, 1976; Nichols, 1988). With the proposed increase of the main
channel depth to 13.5 m, increased sedimentation in the estuary is expected.

Tides

Thetide inCharleston Harbor issemi-diurnal with arange that varies
from 1.15 mduring neap tides to 2.05 mduring spring tides. The tidal range
can be amplified during spring equinox to 2.5 min the harbor. Time-height
curves are symmetrical in the harbor, but a marked asymmetry develops
upstream, prolonging the ebb and reducing the flood duration (SCWRC,
1979). In the upper reaches ofthe Cooper River, high tide lags the tide at the
harbor entrance significantly buty has almost the same range. For example,
at the Tee (55 km upstream), high tide lags the harbor tide by4 hours buthas
only 0.25 m lower range. For most of the river, high and low water
correspond closely to slack currents. The tidal prism for theentire Charleston
system varies from 1.85 x 108 m3 during neap tides to 3.12 x 108 m3 during
spring tides.

Gravitational Circulation

Hansen and Rattray (1965) define gravitational circulation as the
nontidal circulation associated with maintaining the salinity distribution in
estuaries, controlled by a seaward flow of river water and tidal mbdng, and
induced by density differences between fresh and saline waters. Charleston
Harbor isa partially-mixed estuary that exhibits gravitational circulation. The
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gravitational circulation withinthe systemwasstrongerbefore rediversion, but
is still an effective means of transport (Kjerfve and Magill, 1989a). Tidal
currents within the estuary areon the order of 1 m/s for peak flood and peak
ebb but regularly exceed 2 m/s in the harbor entrance during spring tides.
Residual currents associated with the gravitational circulation usually attain
speeds of 0.2 m/s. Rutz (1988) found that far-field forcing from the coastal
ocean is an important mechanism in changing mean sea level in the
Charleston system and causing salinity intrusions far up the Cooper River.

Field Measurements and Data Reduction

To characterize sediment distribution in Charleston Harbor
subsequent to the 1985 rediversion project, a field program was carried out.
The investigation included systematic profile measurements of TSS, CTD, and
transmissivity at numerous stations along Charleston Harbor and across the
TMZ on the Cooper River. In addition, current vanes (Kjerfve andMedeiros,
1988) were used to measure profiles of current velocity.

Field sampling consisted of two separate studies: (1) longitudinal
sampling at 19 stations from Fort Sumter to the Tee on the Cooper River
following the upstream progression of high tide, and in a few instances
following the upstream progression of low water and (2) time series
sampling at a fixed station near the mean location of the TMZ.

Longitudinal sampling was carried outsequentially from Fort Sumter
to the Tee by following the progression of high water tide from station #1 to
#19. At each station, a Sea Bird CTD with a bundled Sea Tech
transmissometer (5 cm path-length) was used to measure instantaneous
vertical profiles of temperature, conductivity, and light transmissivity. Data
were recorded eight times per second as the CTD-transmissometer was
lowered and raised. In addition, a 03 1Niskin water sampling bottle was
lowered to and raised from the main shipping channel ordeepest part of the
river channel. Samples were collected at each station one meter below the
surface, at mid-depth, and one meter abovethe bottom. Data were collected
from April 1987 to April 1990.

Time series sampling consisted of measurements of current profiles
using a current vane (Kjerfve and Medeiros 1989), CTD profiles, and
collection of water samples over onetidal cycle atasingle station located near
the center of the turbidity maximum zone. Anchored buoys were positioned
in the left, center, and right parts of the channel cross-section. At hourly
intervals, from each buoy, the CTD and the Niskin bottle were lowered and
raised from the bottom, collecting the same data as in the longitudinal
sampling (except that only 250 mlofwater were collected instead of500 ml).
In addition to the CTD and Niskin bottle, a current vane was used to measure
current velocities at each buoy.
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After each day ofsampling, data were transferred from the CTD unit
to a portable microcomputer and converted to depth-averaged bins using
various FORTRAN programs in such away as to produce longitudinal and
cross-sectional plots of density, salinity, temperature and transmissivity.
Measured suspended sediment concentration, velocity and flux of salt and
suspended sediment were also converted into useful longitudinal and cross-
sectional plots.

Water samples for suspended sediment analysis were brought to the
University of South CaroUna for drying and weighing. The techniques of
Schubel (1967) for measuring suspended sediment concentrations by filtration
were followed. Pre-weighed, dried, and desiccated glass fibre 1.2 /im pore size
filters (Fisher brand) were used. In each case, up to 500 ml of water was
pumped through the filter. Each filter with filtrate was dried, desiccated, and
reweighed. The weight per volume (mg/l) of total suspended sediment (TSS)
was calculated for each sample from the difference inbefore and after filter
weights divided by the volume ofthe water sample.

The Turbidity Maximum Zone

The turbidity maximum zone isa very distinct feature in Charleston
Harbor characterized bysuspended sediment concentrations between 60-100
mg/1. The location of the turbidity maximum zone is afunction ofhigh salinity
variability and gravitational circulation. The general position of the turbidity
maximum zone is between 20-45 km upstream of Fort Sumter. Its mean low
tide position is between 27-36 km upstream of Fort Sumter. Its mean high
tide position is between 30-42 km upstream of Fort Sumter.

Figure 2a shows the RMS salinity variation along the Cooper River.
The largest variations occur between 20-35 km upstream ofFort Sumter. A
Acorrelation thus exists between net transmissivity (Fig. 2b) and RMS salinity
in this region. Where the largest deviations from the normal mean salinity
occur, it can be expected that large amounts of suspended sediment will be
found. By knowing the location ofthe high RMS salinity zone, the location
of the TMZ can be estimated.

Variation in the Location of the TMZ

The variability in the location ofthe turbidity maximum zone between
tidal amplitudes ofthe same magnitude is very small (between 1-2 km) under
normal conditions, but under storm and episodic conditions the position ofthe
TMZ changes dramatically, being pushed further downstream.

Variation in the location of the turbidity maximum zone, between
spring and neap tides can range from 5-12 km depending on the height and
phase of the tide, and the discharge. If the comparison is between aspring
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high tide and a spring low tide, the variability can exceed 12 km. If the
comparison isbetween neap high tides and neap low tides,the variability does
not exceed 5 km. The horizontal movement of the turbidity maximum zone
between high and low tides is 3-13 km, but can be higher during episodic
events. The phase of the tide is also an important factor in thiscomparison.

It is evident that the turbidity maximum zone movesduring the tidal
cycle (Figs. 3a & 3b). Movement of the TMZ during the tidal cycle is
dependent upon the salinity regime aswell asthe strength of the gravitational
circulation. The TMZ moves downstream during ebb tide and back upstream
during flood tide, creating a sloshing effect. It is during these periods of
movement that the highest concentrations of suspended sediment are found.
It can also be generalized that during the movement, riverine sediments are
carried downstream during ebb and marine sediments are carried upstream
during flood.

Transmissivity Versus Suspended Sediment Concentrations

The relationship between transmissivity and suspended sediment
concentration in estuaries has not yet been found to have a universal
relationship. However, such a relationship appears possible to define the
Charleston Harbor, allowing TSS to be characterized in terms of light
transmissivity (r2=0.79)(Fig.4). By using asecond degree polynomial curve,
the following equation can be used in relating TSS (mg/1) to transmissivity
(%):

(1) TSS = 122.06 - 2.47x +0.013X2

This relationship is important in that it allows the oceanographer to
get turbidity measurements in terms of TSS, by using transmissivity, without
having to go through the difficult task of filtering water samples. It must be
noted that this relationship is only calibrated for Charleston Harbor and
should not be taken as the norm for other estuarine systems.

Conclusions

The study of Charleston Harbor's TMZ has shown that it is a
complex and dynamic part of the estuarinesystem. The location of the TMZ
is dependent upon the type and stageof the tide as well as varying freshwater
discharge. The position of the TMZ will shift according to the stage of the
tide as well as tidal amplitude. Transmissivity andTSS have been found to be
directly related when a second degree polynomial curve is fitted.
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Figure 1. Charleston Harbor is located along the
southeastern coast of South Carolina, U.S.A. The
major tributaries, of the system*.* include the
Ashley, Cooper and Wando Rivers. ,v

RMS SALINITY (ppl)

upsmtw oisuke noia rain sunn (im)

(a)

TWNSUSSMir (•)

urmcMi eatma raei nm suuct M

(b)

Figure 2. High tide longitudinal distribution of (a) RMS salinity (ppt) and <b)
net transmissivity <%) for the Cooper River.
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Figure 3. Variation over tidal cycle of (a) salinity (ppt) and (b) suspended
sediment (mg/1), in the mean location of the turbidity maximum zone.
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Figure 4. Relationship between
transmissivity and suspended
sediment using a second degree
polynomial curve (rJ = 0.79).
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Coastal Marsh Nourishment Through Freshwater Diversions In Southeast
Louisiana

Jack Moger
Kenneth Faust

Brown & Root, USA, Inc.

Background

Delta formation

The Mississippi Riverdrains parts of 32 interior statesand southern
Canada and brings fresh water laden with nutrients and sediment to the
Mississippi deltaic plain. Extensive research over the last 40 years has
indicated that southeast Louisiana was formed by the Mississippi River making
four major course changes in a period stretching over the last 6,000 years.
This process resulted inthe formation of four delta systems: the Teche Delta;
the St. Bernard Delta; the LaFourche Delta; and the Modern Delta. This
systemof wetlands contains approximately 40%of the coastal wetlands in the
lower 48 states of the United States.

Natural and commercial benefits of wetlands

The range, diversity, and productivity ofplants and animals, including
endangered species, that inhabit the Louisiana coastal zone is extraordinary
(Viosca, 1927 and 1928; Conner and Day, 1987). This zone supports the
largest coastal finfish and shellfish production annually - 30% of the U.S.
annual commercial fishery harvest. (Fruge, 1980; Coupe, 1985; Davis, 1983).
The Louisiana coastal zone is the largest fur producing region in North
America, with 40% of the national wild fur and hide harvest annually. It is
also the wintering ground for two-thirds of the ducks and geese that migrate
along the Mississippi Flyway.

Disruption of natural process

Throughout this century, theMississippi deltaic plain has experienced
net deterioration owing to the synergistic effectsof natural deltaic decline and
man's activities (Morgan, 1973). To protect settlers from flooding and to
accommodate navigation, levees were constructed. This resulted in the rich
nutrients and sediment of the Mississippi flowing into deep waters off the
continental shelf rather than replenishing the wetlands. Levees, soil
compaction, sea level rise, and dredging ofnavigation channels throughout the
marshes have decreased deltaic formation and allowed the waters of the Gulf
of Mexico to erode southern Louisiana at a rate exceeding 35 mi2 per year.
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The resulting increase in salinity, reduction in quantity andqualityof intertidal
lands, and decrease in river-borne nutrients have been associated with
decreases in various forms of estuarine production (Gunter, 1952; Chabreck,
1981).

Mitigation measures

Several mitigative measures have been proposed to slow the
deterioration of the deltaic plain (Gagliano et al. 1973). These measures
include: fresh water diversion from the Mississippi River for the purpose of
salinity control or subdelta growth through sediment transport; installing
saltwater barriers in tidal passes, navigational channels, and oil field channels;
fdling openwater areas with dredged material; and restoring and stabilizing
barrier islands through beach nourishment. Of theseoptions, controlled fresh
water and sediment diversions seem to offer the greatest long-term benefits
at the lowest relative cost.

Managing salinity

The majorconcept of freshwater diversions is to replicate the natural
processes of the Mississippi River. Diversions create favorable salinity
conditions and contribute nutrients and sediments to the estuary that enhance
vegetative growth, reduce land loss, and increase production of fish and
wildlife. Salinity is perhaps the single most important factor determining the
distribution limits and abundance of the majority of estuarine organisms
(Gunter et al., 1974), and the importance of identifying how best to manage
salinity cannot be overstated.

Two boundaries for salinity management

Identifying a specific salinity management schemethat would result
in maximum estuarine productivity is a difficult task. Despite the limitations,
the U. S. Army Corpsof Engineers, in developing feasibility studies,estimated
desirable salinity conditions so that suitable diversion sites and capabilities
could be determined. These studies included the development of salinity
management schemes for both the Barataria and Breton Sound Basins. An
important factor in developing these schemeswas the location of the 15 parts
per thousand (ppt) isohaline at different timesof the year. Desired locations
for this boundary were established to complement two resources: the "Ford
Line" for fisheries productivity and the "Palmisano Line" for wildlife
productivity after T. B. Ford and A. W. Palmisano, their primary authors
(U.S. Army Corps of Engineers, 1970) (See Figure 1).

In both Barataria and Breton Sound Basins, the Ford Line is located
just seaward of the maximum concentrations of historically productive oyster
reefs. The tolerances and requirements of oysters weighed heavily in the
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determination of thisboundary because it isbelievedthat an environmentthat
is conducive for the production of oysters is also beneficial to other fisheries
resources (Lindall et al., 1972). The Ford Line defines the position of 15 ppt
mean isohalines from spring through fall.

The Palmisano Line for wildlife defines the location above which
salinities greater than 15 ppt should not occur more than 5% of the time
throughout the year. This condition pertains primarily to marsh salinities
since plant growth and composition are directly correlated with wildlife
productivity (Palmisano, 1973).

Diversion Program for Plaquemines Parish

Using these two sets of boundaries, a freshwater diversion plan was
established for Plaquemines Parish, Louisiana (see figure 2). This plan takes
advantage of Plaquemines Parish being located in the modern delta and
having direct access tothe Mississippi River. Surrounding Plaquemines Parish
are three major hydrologic basins: Breton Sound Basin to the east; Barataria
Basin to the west; and Mississippi River Delta at the mouth of the river. A
freshwater diversion program has beenestablished for each of thesebasin.

Breton Sound

Four structures are feeding the wetlands of Breton Sound

1. Caernarvon freshwater diversion structure

The structure is a federal/state project that is presently under
construction and should be in operation by January, 1991. The structure is
located at the north end of the basm. It consistsof five 15'x 15'reinforced box
culverts approximately 381 feet in length with prefabricated cast iron sluice
gates passing under the mainline Mississippi River levee. The structure will
divert an estimated flow of 6,600 cfs into the wetlands of Breton Sound via
Lake Big Mar.

2. White's Ditch siphon diversion

The present White's Ditch freshwater diversion structure was
constructed in 1963 by Plaquemines Parish Government and consists of two
400* 50-inch diameter siphons that cross over the Mississippi River levee and
outfall into Breton Sound via Belair Canal. The present structure diverts
approximately 300 cfs during high river stages of the Mississippi, usually
January through August. Stateand local plans areto double the flow to 600
cfs by adding two additional 50-inch siphons.

707



3. Bohemia Spillway

The spillway was constructed in 1969 to provide a flood relief
measure to the City of New Orleansduring high river stages. However, the
structure was rarely used and is now out of service. State and local plans are
to utilize this structure as a freshwater diversion to nourish the marshes of
Breton Sound. The structure consists of four gated 60-inch diameter
corrugated metal pipes, each 90' long. Estimated flow through the structure
is 736 cfs at high river stages of the Mississippi.

4. Bayou LaMoque freshwater diversion

This structure, constructed in 1956, consists of two separate gated
structures that divert Mississippi Riverwater intoBretonSoundviaCalifornia
Bay. During high water seasons, the flow of the two structures is estimated
to average 13,000 cfs. This structure is a state-operated project and is
currently in operation.

Barataria Basin

The Barataria Basin is fed by three structures:

1. LaReussite and West Pointe a la Hache freshwater diversions

These structures are state/local projects that are presently under
construction and should be in operation by early 1992. When built, each
structure will consist of eight 72-inch diameter siphons that will divert
Mississippi River water over the river levees and into the marshes of the
Barataria Basin. High water flow is 2,000 cfs for LaReussite and 2,100 cfs for
West Pointe a la Hache.

2. Davis Pond

This is a federal/state project that is currently under design and is
projected to be operating by 1995. The project is located at the northend of
the Barataria Basin. It is estimated to divert an average of 11,000 cfs of
Mississippi River water during average high river stages.

Mississippi River Delta

Diversion into the Mississippi River delta:

Pass a Loutre wildlife management sediment diversions
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Three sediment diversions were constructed in 1987 and six more in
early 1990 in the Pass a Loutre Wildlife Management Area for the purpose
of marsh creation in the Mississippi Delta. In 1987, diversions were placed
inSouth Pass, Pass a Loutre, and Loomis Pass. Surveys were taken in 1988
and showed that the1987 diversions produced upto70 acres of new wetlands
through crevasse splay development. In 1990 six more diversions were
constructed inthis area using thesame concept ofbreaching thenatural banks
ofthe passes. Three were placed in South Pass and three were placed in Pass
a Loutre. These sites were strategically placed inareas that had the greatest
possibility of maximizing land growth.

Modeling Freshwater Diversion

At present, Plaquemines Parish, in conjunction with the State of
Louisiana Department ofNatural Resources, the Army Engineer Waterways
Experiment Station (WES), and the U. S. Army Corps of Engineers, New
Orleans District is developing comprehensive numerical models for both the
Breton Sound and Barataria Basins. These models will be constructed using
the TABS-2 numerical modeling system for hydrodynamics and transport of
freshwater and sediments. Predictions can then be made utilizing these
models in achieving targeted flow patterns and salinity boundaries.

As part of themodeling procedures, an extensive monitoring plan is
being established. This monitoring plan includes the collection of
hydrodynamic parameters such as water velocity and tidal fluctuations, as well
as salinity and water quality. These parameters will be used for verification
of the model.

During and after each high water season, different outfall
management schemes will be studied to helpimprove the chances for success
ofthe program. These studies will involve investigating different operational
plans as well as changing flow patterns by the construction of hydraulic
structures in the outfall.
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Wetlands Creation as a Treatment for Shoreline Erosion in
Galveston Bay, Texas

Edward Seidensticker
Soil Conservation Service

Robert W. Nailon

Texas Agricultural Extension Service/Sea Grant Program

Abstract

The shoreline of Trinity Bay and East Galveston Bay, Texas, is
eroding at an average rate of four feet/year. Land losses to these coastal
properties will continue unless low-cost, effective measures for shoreline
erosion control and wetland habitat enhancement are developed and
implemented. Once established, smooth cordgrass. Spartina alterniflora Lois,
provides an effective means ofshoreline erosion protection. In 1985, Trinity
Bay Soil and Water Conservation District initiated a project to study the
impacts of shoreline erosion and to test cost-effective, vegetative erosion
control measures in Galveston Bay, Texas. Smooth cordgrass was
transplanted in four sites along the affected shoreline and adjacent coastal
waters. Turbidity levels were measured during high and low erosion
conditions. Sediment accretion was also measured within the study area.
Relative abundance of fish species was documented at each site during the
study. Technical assistance was provided by theSoil Conservation Service, the
Texas Agricultural Extension Service, and the Texas A&M University Sea
Grant College Program. Funding was provided through grants from The
Moody Foundation, The Brown Foundation Inc., Texas A&M University Sea
Grant College Program,Galveston BayFoundation, andThe Port of Houston.

Introduction

The principal study area is the shoreline of East Galveston Bay,
Trinity Bay and itsassociated waters in Chambers County, Texas. Thesites
chosen for the trial plantings are on the north shoreline of East Galveston
Bay and a small tidal lake. The erosion rate on the shore of East Galveston
Bay is 1-3 m/yr. The erosion rate on the inland lake is somewhat less. The
average fetch on the Trinity Bay site is greater than 9 km and the longest
fetch ismore than eighteen km. The shoreline geometry is meandering with
a silty or a very fine sandy sediment in the swash zone. Using the U.S. Corps
of Engineers Vegetative Stabilization Site Evaluation Form, the East
Galveston Bay sitehas a cumulative score of200 and a potential success rate
of30%. Most of the shoreline is unvegetated. Only ina very few locations
is smooth cordgrass found. One small area of smooth cordgrass that was
established in 1958 is still expanding and has remained stable (USACE,
1968).Local landowners have been concerned about erosion for more than 30
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years. Attempts have been made using car bodies, concrete pipe, rip-rap, and
used automobile and tractor tires to halt the erosion rate. Attempts at
transplanting cordgrass have also been tried, but failure rates have been very
high. In 1984, the authors began ajoint effort toaddress the erosion problem
and develop a method of planting smooth cordgrass to increase the rate of
transplant survival. The erosion notonly represents aphysical loss of land, but
it also has a detrimental effect on the marine ecosystem. The resulting
sedimentation stymies beneficial aquatic vegetation through increased water
turbidity. The lack of intertidal vegetation has resulted in a loss of nursery
area for shrimp, Penaeus sp., redfish, Sciaenops ocellata L., speckled trout,
Cvnoscion nebulosus Cuvier, blue crabs. Callinectes sanidus. spot. Leiostomus
xanthurus Lacepede, tidewater silversides, Menidia bervllina Cope, and
numerous othermarine organisms. Thesenursery areas play a critical rolein
providing sites where juvenile stages of these species can hide, feed, and grow.
The physical loss of land causes intrusion of saltwater into freshwater
marshes, drastically reducing their desirability as waterfowl habitat and in
grazing management. Continued erosion along Texas bays and the resulting
loss of vegetation can be devastating to the future of the sport and
commercial fishing industries in the Gulf of Mexico and surrounding waters.

This study is intended tobe a pilot project toevaluate the feasibility
ofusing smooth cordgrass as an alternative erosion control method. This pilot
project also is set up to measure the long-term effects of vegetation on
sedimentation and turbidity in the Galveston Bay system.

Description Of The Study Area

Chambers County is in theextreme southeastern part of Texas. It is
bordered on the south byTrinity Bay, Galveston Bay, East Galveston Bay, and
the Gulfof Mexico. The county covers a total area of 224,000 ha., of which
152,527 ha. is land and 71,393 is water. The area selected for the erosion
control studies is located on the north shoreline of East Galveston Bay and
Lake Stephenson, an adjacent tidal lake in southern Chambers County. The
area is predominantly Gulf Coast Saline Prairie (USDA, Soil Conservation
Service, 1981). The plant community isdominated byGulfcordgrass. Spartina
spartina Screb. Lesser concentrations of marshhay cordgrass. S. patens Muhl,
are found in the area. The predominant soils found in the study area are
Harris Veston association (Crout, 1976). When bare and unprotected byplant
cover, these soils are very susceptible to erosion. Sparse natural stands of
smooth cordgrass are found in the intertidal zone at only a few sites. The
majority of theshoreline inEast Galveston Bay lacks any intertidal vegetation.
The land-water interface ischaracterized bya 1m-high bare bluffatSites #1,
#2, and #3. Site #4 possesses a 0.5 m-high bluff. The shoreline at Sites #1,
#2, and #3 has a shallow shelf with very little drop off from the shore
seaward. Site#4 has asimilar land slope. Many species of marine organisms
inhabit inshore waters inthestudy area. Juvenile marine shrimp. Penaeus sp..
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Gulf menhaden, Brevoortia patronus Goode, blue crabs, bay anchovies,
Anchoa mitchilli Valenciennes, Atlantic croaker, Micropogon undulatus
Linnaeus, striped mullet. Mugil cephalusLinnaeus. andGulf killifish. Fundulus
grandis Baird and Girard, are the predominant organisms found at all sites.
Turbid water conditions prevail at Sites #1,#2, and #3, with somewhat less
turbidity found at Site #4. Erosion rates vary betweenthe sites. Sites#1 and
#3 erode at anaverage annual rate of 1.8 m/yr. Site #2 erodes at anaverage
rate of 2.6 m/yr. Site #4 erodes at an average rate of 0.5 m/yr (Table 1).
An 113 km fetch of water across East Galveston Bay exists at Sites #1, #2,
and #3. The fetch across Lake Stephenson at site 4 is 0.8 km.

Materials And Methods

Transplanting Techniques

The transplants were acquired from existing native stands of smooth
cordgrass growing in the immediate vicinity on East Galveston Bay.
Cordgrass transplants were dug and separated. An effort was made to
minimize root disturbance by keeping wet soil around the plant roots. Moist
transplants were transported in a washtub to the study sites. Transplanting
methods followed those outlined byCutshall (1985). A 0.66 m space between
plants and rows was allowed. Transplants were planted at a water depth of
15.2 cm in the intertidal zone, approximately 6.1 m seaward of the shoreline.
No fertilizers were applied in this study.

Wave Barrier Protection

Temporary wavebarriers were constructed to minimize wave impacts
on young transplants (Table 2). Three different materials were used to
construct these barriers. A double row of used Christmas trees were tied
trunk-to-trunk with parachute strap, laid parallel to the shoreline, and staked
on the seaward side of the transplants at Site #1. A single row of plastic
snow fence was used as a wave barrier at Site #4. Fence posts were driven
in a line on the seaward side of the transplants, and the plastic snow fence
was attached to the posts. The plastic snow fence was obtained from
American Excelsior Company and provided a suitable barrier that also canbe
reused. A double row of used cargo parachutes acquired from the Texas
Surplus Property Agency were used as a temporary wave barrier at Site #2.
A double row of 10 m-long, 1 m-wide strips of the parachute material was
attached by parachute strap end-to-end to fence posts driven in a line parallel
to the shoreline seaward of the young transplants. The parachutes were
inexpensive and easyto install. Site #3, with no wave barrier protection for
the transplants, provided a control to assess the effect of the wave barrier
structures on transplant survival. Although there may be other wave barrier
protection measures, the measures selected by this project were chosen
because they are removable. The authors feel that a removable barrier would
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be aesthetically desirableand would not interfere with the nutrient cyclingthat
makes the salt marsh beneficial to the marine estuary.

Salinity

Salinity data was documented by site over time during intense
planting efforts in 1986. Salinity measurements were taken a Yellow Springs
Instrument Model 33 salinity-conductivity- temperature meter. Readings were
measured to the nearest g/1 (ppt) at the water surface and averaged by
month.

Sedimentation

Sedimentation was measured at two sites beginning in August, 1988.
Reference stakes were established at Sites #1 and #2 and cross-sections were

taken from the reference stakes seaward at 20-foot intervals. Readings were
taken to the nearest .01 ft.

Turbidity

Turbidity was measured at each site weekly. Readings were taken
with a standard 6-inch Secchi disk and recorded to the nearest centimeter.

Readings were also taken at other locations in Galveston Bay to determine the
range of water conditions at other eroding areas.

Fisheries

Fish and shellfish were collected using a 32 m bag seine having a 1.9
cm mesh. The seine was pulled approximately 50 meters along the seaward
side of the Spartina stand parallel to the shoreline at Sites #2 and #3 on
23-24 August 1988 and 25-26 October 1988. Fish and shellfish were also
collected by a 1.24 m cast net at the same time. Random throws of the cast
net were conducted on each sampling date at Sites #2 and #3. Relative
abundance of fish and shellfish species was determined and compared by site
and sampling date in the study. Due to the amount of rubble disposed in the
sampling area and the prohibition of the use of gill nets and trammel nets in
coastal waters of Texas, no other gear types were used in the study.

Results and Discussion

Transplanting Techniques

Single stem transplant survival at Sites #1,#2, and#4 wasvery good.
The survival rates varied from 60-70 % (Table 2). New shoot development
appeared to depend on the care of the transplant stock. There also appeared
to be some difference in growth of transplant stock taken from different
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locations planted concurrently. More work needs to be done on the selection
of plantingmaterialsused in shoreline erosioncontrol. Further investigations
concerning transplant survival in various soil types might be warranted. The
transplanting methods outlined by CutshaU (1985) were adequate for
transplanting at all sites in the study area. The complete failure of transplants
on Site #3 demonstrates that smooth cordgrass is very difficult to establish at
these sites without some type of wave protection (Table 1). Transplants at
Site #3 were exposed to constant wave action and lacked sufficient root
development to withstand the wave forces. The U. S. Army Corps of
Engineers Vegetative Stabilization Site Evaluation for this site gave it a 30%
potential success rate.

Wave Barrier Protection

There appeared to be little effect of alternative wave protection
devices on survival rates of transplants. The used Christmas trees worked
successfullybut had severaldrawbacks. The seasonalavailability ofChristmas
trees is a problem. The utilization of the trees is the most labor-intensive
method of barrier protection evaluated in this study. They were also difficult
to collect and transport to the site. The cost of the snow fence is quite high
and may be expensive for large-scale treatments. The used cargo parachute
strips were the most effective wave barrier material tested in the study. There
is little doubt that the three types of wave barriers tested in this study
enhanced the success of smooth cordgrass transplant establishment.

Salinity

Salinity ranged from 4-18 ppt across all sites during 1986. The
highest reading (28 ppt) occurredat Site #2 on 02 May 1986,while the lowest
reading (2 ppt) occurred at Site #4 on 01 August 1986 (Table 3). Salinity
appeared to have little effect on transplant growth and development. Relative
growth of transplants and shoot development appeared to be more directly
related to the existence of wave barrier protection than salinity level during
intense planting efforts in the study.

Sedimentation

The preliminary data show a slight accumulation of sediment on Site
#1 from August to December 1988. Gosselink and Mitsch (1986) indicate
that one of the primary functions of a salt marsh is to accumulate sediments
from off-site and incorporate them into the marshecosystem. It is anticipated
that the artificial salt marsh created during this study will function in the same
way as a naturally occurring marsh. If so, theoretically, some of the poor
water quality conditions caused by shoreline erosion will graduallyimprove in
the marsh created during this study.
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Turbidity

Results of the turbiditylevelmeasurementsin this study showa direct
correlation between high erosion conditions and high levels of suspended
sediment in the water column. There wasno significant difference in turbidity
levelsbetween Sites #1, #2, and #4 that were transplantedand Site #3 which
has no vegetation. Since the shoreline of East Galveston Bay is over60 km
in length, it is doubtful that the transplanted vegetation from this study had
any effect on the overall turbidity of East Galveston Bay. Between wetlands
surveys of 1956 and 1979 of the bay, the estuary lostapproximately 16% of its
marshes and an estimated 95% of its submergent vegetation (Galveston Bay
Seminar Executive Summary, 1988). The entire shoreline of East Galveston
Baycontributes to the highly turbid water conditions found in allsitesduring
the study. Table 3 showsa sampleof the data taken from August 1988-March
1989.

Fisheries

Results of this study indicate that marine organisms readily utilize
stands of smooth cordgrass within the study area. A total of 873 % of the
marine finfish and shellfish in this study were collected from Site #2, a
transplant site. A significant difference in relative abundance of catch was
noted in Site #2 versus Site #3 (873 % and 12.7 %, respectively). The
predominant species found at Site #2 during both sampling periods were
white shrimp (33.6 %), Gulf menhaden (31.6 %), and striped mullet (15.2 %
of the total catch) (Table 4).

The remaining 12.7 percent of the marine finfish andshellfish in this
studywerecollected from site#3, the control sitewithnovegetation present.
Gulf menhaden (53.6%) and striped mullet (31.0%) comprised the
majority of the catch at Site #3 (Table 6). Although the sample size is fairly
low, these data likely indicate a representative sample of both habitats.

Species composition remained remarkably similar between sites
#2 and#3 during the study. Several bayanchovies werecollected only from
Site #2 and one Gulf kingfish was collected only from site #3.

Conclusions

The utilization of wave barrier protection methods outlined in this
paper to protect smooth cordgrass transplants until colonies can establish
themselves will take time. Overall estuarine enhancement, a by-product of
thisvegetative erosion control project, maytake years to develop. It is well-
documented that fish and shellfish resources inhabit smooth cordgrass stands
in the Galveston Baysalt marsh for food, cover, andnursery areas (Gosselink
et al., 1973; Zimmerman et al, 1984; Zimmerman and Minello 1984; Texas
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Parks and Wildlife Department, 1989). The role ofthe estuary in supporting
fisheries productivity depends on the endemic species and other factors,
including developmental stage, time ofyear, geographic location, and physical
and chemical characteristics of the estuarine waters.All estuarine habitats are
utilized to some extent and each may becritical to some life stage ofa marine
organism. Shallow open-water areas, like those found in Galveston Bay,
support large numbers of juvenile marine organisms. Small bayous and
channels also provide access tointertidal marshes and refuge from stranding
during periods of low water.

High turbidity levels in East Galveston Bay drastically affect the
primary productivity of the estuary (Texas Parks and Wildlife Department,
1964). The high turbidity levels reduce water quality byshading out beneficial
phytoplankton and zooplankton organisms in the water column and therefore
reduce the total food web productivity in the estuary.

Sedimentation inEast Galveston Bay caused byshoreline erosion has
historically had anegative effect onwater quality. Shoreline erosion has been
aproblem since the 1930's (Paine and Morton, 1986). The preliminary results
of this study show some benefits inreducing shoreline erosion. The short-term
results of the cross-sectional data indicate a slight increase in sediment
accumulation within the transplanted grass colony. It is not known whether
this trend will continue or if the data reflect aseasonal variation. Long-term
sedimentation studies are needed todetermine potential impacts and benefits
in sediment accumulations in the intertidal zone. High sedimentation rates
are known to cause mortality in oyster reefs in East Galveston Bay (Texas
Parks and Wildlife Department, 1964). Sediment collects in the gills of the
oyster, drastically reducing pumping efficiency and oxygen uptake capability.

The importance of estuaries for U. S. commercial and recreation
fisheries, combinedwith accelerations in habitat lossdue to shoreline erosion
in these estuaries, will require attention in the future. The disruption of the
marsh ecosystem in the study area, through erosion created by man's
intervention or natural processes, drastically affects the overall marsh
production. Additionalresearch is neededon how estuarine habitats function
for marine organisms. The long-term effects ofre-creating marsh habitat lost
through erosion are obvious. The landowner ceases tolose valuable bayfront
property to the forces of erosion. Concurrently, commercial fishermen benefit
greatly from marsh revegetation through increased harvests of commercial
seafood products, and recreational fishermen benefit byexperiencing more
successful fishing trips.
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TABLE 1. SITE CONDITIONS

AVERAGE WAVE BARRIER

SOIL TYPE EROSION RATE m/yr SALINITY 0/00 PROTECTIONS

Site #1

Veston Soils

(mostly clay)

Site #2

Veston

Soils

(mostly clay)

Site #3

Veston

Barrier Soils

(mostly clay)

Site #4

Harris

Clay

1.4 - 22

1.9 - 3.1

1.6 - 2.0

0.3 - 0.7

10

13

11

Double Row

Christmas Trees

Double Row

Parachutes

No Wave

Protection

Single Row
Plastic Snow

Fence

TABLE 2. TRANSPLANT SURVIVAL COMPARISONS BY SITE AND

DATE

NUMBER SURVIVAL SHOOT NUMBER

DATES OF SHOOTS AS OF PERCENT SHOOTS/
TRANSPLANTED TRANSPL MARCH 87 SURVIVAL TRANSPL

Site #1

Jan. 13-17,1986 850

Site #2

Aug.18-27, 1986 620

Site #3

May 20-22, 1986 250

Site #4

July 15-23, 1986 600

510

410

440

724

60 2.39

66 2.84

0.0

70% 2.09



Table 3. Turbidity Levels by Site. (Secchi disk readings in cm)

Date Weather Conditions #1 #2 #3 #4

09/09/88 slightly choppy 19 20 20 31
10/14/88 calm 43 44 44 29
11/11/88 very choppy 19 18 18 13
12/13/88 choppy 26 26 26 13
01/30/89 calm 30 30 30 43
02/17/89 slightlychoppy 21 21 21 27
03/17/89 very choppy 13 13 13 9

Table 4. Relative Abundance (%) of Marine Organisms Collected by Seine
and Cast Net Duringthe August 23-24 and October 25-26,
1988 Sampling Periods-Site #2

Species Number Percent Abundance Rank
White Shrimp 195 33.6 1
Gulf Menhaden 183 31.6 2
Striped Mullet 88 15.2 3
Gulf Killifish 34 5.8 4
Atlantic Croaker 20 3.4 5
Blue Crab 18 3.1 6
Tidewater Silverside 18 3.1 7
Bay Anchovy 14 2.4 8
Spot 9 1.6 9

N = 580 100.0

TableS. Relative Abundance (%) of Marine Organisms Collected bySeine
and Cast Net During August 23-24 and October 25-26, 1988 Sampling
Periods-Site #3

Species Number Percent Abundance Rank
Gulf Menhaden 45 53.6 1
Striped Mullet 26 31.0 2
Blue Crab 6 7.1 3
Gulf Killifish 3 3.5 4
Tidewater Silverside 2 2.4 5
White Shrimp 2 2.4 5

N = 84 100.0
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