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The Galveston Bay Estuary Program

The Galveston Bay Estuary Program (GBEP), a program of the Texas Natural Resource Conservation Commission
(TRNCC), is part of a network of twenty-eight National Estuary Programs (NEP) in the United States working with
local stakeholders to restore and protect estuaries. The NEP was established under Section 320 of the Water Quality
Act of 1987, and has become a model program for involving stakeholders in consensus-based resource management.
In the Act, the administrator of the U. S. Environmental Protection Agency (EPA) is authorized to convene
Management Conferences to develop Comprehensive Conservation and Management plans (CCMPs) for estuaries
of national significance that are threatened by pollution, development or overuse.

Initiated by local citizens, nominated by the Governor of Texas, and approved by Congress, the Galveston Bay
National Estuary Program (GBNEP) was established in 1989. During CCMP development, federal and state funding
was provided by the U. S. Environmental Protection at 75% and the Texas Natural Resource Conservation
Commission at 25%. Over a five year period, the GBNEP worked with the federal agencies, local governments, business
and industry, academia, environmental organizations, commercial and recreational users, as well as the general public.
This group identified the Bay's priority problems, conducted scientific studies to characterize the problems; and
drafted Galveston Bay's Comprehensive Conservation and Management Plan (CCMP) - The Galveston Bay Plan (The
Plan). The Plan identifies Galveston Bay's resource management needs and sets out a mechanism to identify priorities
and develop partnerships to meet these needs over 20 years. The commitment of those who drafted The Plan was
substantial.

"No environmental program in the history of the state has involved citizens and
stakeholders more directly in environmental problem solving. Working in a collaborative
fashion, over 220 individuals helped to create The Galveston Bay Plan. It took three
phases over a five year period."

- The Galveston Bay Plan, Executive Summary

The Galveston Bay Plan was approved in 1995 and the program shifted from planning (a majority federally funded
effort) to implementation (a primarily state and locally funded effort). The word National was dropped from the
program name and it became the Galveston Bay Estuary Program (GBEP). The GBEP functions to track, coordinate,
and facilitate implementation with priority given to leveraging federal funds with state and local support for
successful implementation of The Plan. Program activities are advised by a 41 -member body called the Galveston Bay
Council, its subcommittees, and a variety of ad-hoc project-oriented task forces. The subcommittee structure
parallels the organization of The Plan: natural resource uses, water and sediment quality, public participation and
education, research, monitoring, and consistency review. Building on the momentum of Plan development, consensus
among a variety of stakeholders continues to be the key to successful implementation.



As a nation, our focus of concern for conservation of nature is shifting to include the oceans. The coastal zone where
the land meets the ocean is an area of critical importance to both terrestrial and marine environments. The Houston-
Galveston region illustrates well the nature of society's relationship with coastal systems. Houston would never have
grown into a global hub for the petrochemical and energy businesses without the Houston Ship Channel to provide
a transportation link to the world. Shipping encouraged the growth of population and industry around Galveston Bay.

The modification of Galveston Bay according to the needs of the businesses and people that settled near it has
generated great challenges. People depend on the bay for their livelihood and quality of life. Some of the ways the bay
has been used in the past are incompatible with some of the features many now value. Conflicts over use of the bay
provide justification for study and management of this important resource. The Galveston Bay Estuary Program is a
leader in the efforts to understand and manage well the array of resources and uses represented in Galveston Bay.

This document is about the findings of studies on Galveston Bay and its watershed and the management
actions based on those findings. We have written about the whole bay and the diverse information mat is required to
understand it as a system. Of course, boundaries had to be established and limits set or the volume would have
expanded to infinity. You may disagree with what was included and what was omitted. Please make your suggestions
known to the Galveston Bay Estuary Program staff. The story of Galveston Bay is a continuing one and this document
is certainly not the last one to be written on the status and trends of its properties.

As in the first volume, the scientific information is placed in the context of historical resource use and modern social
and economic features of the Galveston Bay watershed. While most of our scientific information covers only a brief
snapshot of time extending back about 30 years, man has been modifying Galveston Bay for much longer. The Bay as
a geological feature of the Texas coast and an ecosystem extends back far beyond the presence of humans in southeast
Texas.

No plan guided the historical use of the bay and its watershed, but now we have The Galveston Bay Plan based on the
accumulated knowledge of our studies and the wisdom of all of the people who participated in the crafting of that
plan. Part of this document is about the validity of that plan and the progress achieved under it. We hope you agree
that protection of this resource has been enhanced and progress has been made toward restoring the vitality of the
ecosystem through the efforts of the Galveston Bay Estuary Program.

Clearly our knowledge is incomplete and our management approaches could be improved. Hopefully this volume
will spark new studies and actions for the betterment of the bay. Perhaps it will also generate new commitments to
the work required to preserve Galveston Bay amidst conflicting uses.

Everyone who reads this work is in some way connected to the bay and benefits from its resources. We hope after
reading this volume you have a better appreciation of the intricacies and value of Galveston Bay.

Jim Lester, Director
Lisa Gonzalez, Research Associate
Environmental Institute of Houston



In the process of creating this document we used input from many sources. We are indebted to the
contributors to the first edition, The State of the Bay: A Characterization of the Galveston Bay Ecosystem, 1994. Our
work began with the content of the original book and the studies published by the Galveston Bay Estuary
Program (GBEP). To this we added input from the GBEP staff, especially Scott Jones, and data analyses from
Oscar Criner and Michael lohnican of Texas Southern University, who are working to update the relevant status
and trends information. Others mentioned below provided additional critical information and resources to
improve the coverage and accuracy of this document. Any errors or omissions are of course the responsibility
of the editors.

Jim Rivers, Texas Parks and Wildlife Department (TPW), provided data on fishing and hunting license sales for
Chapter 4. Freshwater inflow data and analyses for Chapter 5 were provided by Gary Powell, Ruben Solis and
Zhenwen Jia, Texas Water Development Board. Linda Broach, Raphael Calvino and Meredith Worthen of the
Texas Natural Resources Conservation Commission (TNRCC) provided clarification on water and sediment
monitoring data and methodologies for Chapter 6. Sandra Alvarado, TNRCC, provided information onTMDLs in
Galveston Bay. George Ward, University of Texas at Austin, graciously shared his knowledge about the information
acquired on water and sediment quality for the first State of the Bay volume. Guy Grossman, Texas Railroad
Commission, answered questions about produced water from oil wells. Larry McEachron and Barbara Gregg,
TPW, provided data for Chapter 8. Phil Glass of the U.S. Fish and Wildlife Service provided data from nesting
surveys of coastal colonial water birds. Bob McFarlane provided information and analytical results on bird
species abundance. Tom Minello, Jim Nance and Pete Sheridan of National Marine Fisheries Service shared their
information on sources of data about coastal wetlands habitat and associated species. Gary Heideman, Kate
Hendricks, Lisa Marengo, Michael Ordner, Norman Rice, Jerry Ward and Kirk Wiles of the Texas Department of
Health provided data, current information and analyses on public health aspects of seafood harvesting and
contact recreation.

Dr. Theron Sage reviewed and contributed to Chapters 5 and 6. Lance Robinson, TPW, and members of his staff
provided information, reviewed, and contributed to Chapter 8. Robert Fiederlein, City of Houston's Department
of Solid Waste Management, reviewed the entire document and made valuable suggestions.

We gratefully acknowledge Patrick Horton, Houston-Galveston Area Council, for assistance with watershed
maps; Dr. Kam Lulla, NASA Johnson Space Center, and Joe Caruana, Lockheed, for assistance in acquiring space
shuttle photos; and Carole Baker, Houston-Galveston Coastal Subsidence District, for providing a map of historical
subsidence. We appreciate the photographic resources of the TPW Media Department and the assistance of Bob
Murphy, Earl Nottingham and Richard Roberts in photo selection. Warren Pulich and Jeff Williams, TPW, assisted
with our interpretation and use of the TPW GIS landcover datasets in Chapter 7. Wallisville Heritage Park and
Moore Memorial Public Library provided historical photos for Chapter 3 by Alecya Gallaway.

Helen Drummond and Marie Nelson, Galveston Bay Estuary Program, and Frank Fuller, TNRCC, conducted final
review and document production oversight.

The staff of the Environmental Institute of Houston at the University of Houston - Clear Lake provided support
and assistance during this project. Our editorial work was supported by a contract from the TNRCC through the
Galveston Bay Estuary Program and by the University of Houston - Clear Lake.
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CHAPTER ONE

There is more potential information about the world (or even a large estuary) than our
intellects can grasp, so much so that the universe for all practical purposes can be described
as infinite... And if the mere number of phenomena and relationships at any given time were
not enough, there is constant change, which adds to the complexity of the universe we are
trying to understand.
-W. S.TUOHY, SCIENCE AND CONSENSUS POLITICS IN ENVIRONMENTAL DECISION MAKING:
THE CASE OF THE SAN FRANCISCO ESTUARY PROJECT, 1993

The Galveston Bay system is a valuable resource for the state and
the nation because it provides natural resources, ecological
services, recreational opportunities, transportation links, and
aesthetic rewards. The bay is valued by many people for attributes
that cannot be replicated or replaced by man. Unfortunately, the
growing numbers of users and uses, as well as the intended
and/or unintended impacts on the system, strain the ability of
Galveston Bay to meet historical needs and provide traditional
rewards.

The information summarized in this volume was gathered for a
single purpose: to improve our collective management of
Galveston Bay, which provides for a sustainable use of its
resources while maintaining the quality of its assets.
Accomplishing this requires defining the status of bay resources,
establishing indicators of quality, identifying trends over time, and
determining probable causes for any trend of concern. Moreover,
correct interpretation of this monitoring information is dependent
on knowledge of the processes and connections that tie all of the
components of the bay system together.

The Galveston Bay Plan (The Plan) was formulated to set objectives
for management and to recommend approaches that would
reduce the potential for future problems and user conflicts. The
management challenges for Galveston Bay were identified and
prioritized by the Galveston Bay National Estuary Program
(GBNEP) advisory committees and can be found in The Plan.

This chapter addresses the significance of GBEP's participatory
process and the resulting findings. First, a brief overview
is presented concerning the participatory process. Second,

seventeen priority problems that form the backbone of
The Galveston Bay Plan are explained and progress on them is
described. Assessment of progress is based on GBEP advisory
committees' review of the initial five-years of Plan implementation.
GBEP was the first estuary program of the 28 across the country to
undertake such a participatory review of progress to date.

Management Expectations
Expert opinion alone would not have served managers well in
solving bay problems. As The Galveston Bay Plan was developed
over a five-year period, prevailing scientific opinions of estuarine
problems were re-cast in light of new studies and input from
bay stakeholders. State and federal agencies, local governments,
business and industry, academia, environmental organizations,
commercial and recreational users, as well as the general public
joined to: identify the bay's priority problems; conduct scientific
studies to characterize the problems; and draft Galveston Bay's
Comprehensive Conservation and Management Plan (CCMP) -
The Galveston Bay Plan. The Plan identifies Galveston Bay's
resource management needs and sets out a mechanism to identify
priorities and develop partnerships to meet these needs over 20
years.The commitment of those who drafted The Plan was
substantial. Recognizing the important role of bay users in addition
to scientists, the GBEP continues this participatory process in
implementation. An advisory board, the Galveston Bay Council,
consists of representatives similar to those involved in the initial
planning process, and meets quarterly to guide the implementation
efforts that are designed to address the bay's management needs.

What are Galveston Bay's management needs? Seventeen issues
needing attention emerged from the planning effort associated
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with the development of The Galveston Bay Plan. Similar to
component characteristics of any ecosystem, these management
concerns can never be completely separated from one another.
For example, non-point sources of pollution contribute to both
habitat degradation and toxic contamination of sediments. These
interconnections suggest that actions to solve the bay's problems
should also be undertaken in the context of an integrated,
watershed-level management program.

Seventeen Priorities
The following issues were distilled and ranked by the Galveston
Bay National Estuary Program as it deliberated on both results of
the technical work, and the historical and current management
efforts of public agencies. These issues constitute the Galveston
Bay Priority Problems List. The following discussion summarizes
the problem and progress that has been made since the
implementation of The Galveston Bay Plan began.

1. Vital Galveston Bay habitats including wetlands have been lost
or reduced in value by a range of human activities, threatening
the bay's future sustained productivity (Chapter 7).

White et al. (1993) described wetland losses in the entire estuarine
system. From the 1950s to 1989, there was a net 17 to 19 percent
loss of vegetated wetlands totaling some 32,400 acres. The leading
causes of wetland loss were subsidence from groundwater
withdrawal and conversion to upland range. Additionally, most of
the bay's submerged aquatic vegetation beds has been lost since
the 1950s, due to a complex and interactive group of causes which
includes subsidence, hurricane effects, shoreline development,
boat traffic, and dredging (Pulich and White, 1991).

Encouragingly, the rate of loss has decreased over time.
Groundwater withdrawal is regulated and subsidence has slowed.
Wetland conversion requires a permit and a mitigation plan.
Habitat restoration and rehabilitation programs have been
implemented to increase the acreage of wetlands and submerged
aquatic vegetation in the Galveston Bay system. Over 1,000 acres
have been subject to marsh rehabilitation. Efforts to rehabilitate
seagrass habitat are just beginning. Many more acres of watershed
habitat have been preserved through land acquisition by agencies
and conservation easements on private land. Great strides have
been made in the lessons learned regarding locally appropriate
restoration methods and technologies, but the process is slow and
tedious. Therefore, only a small percentage of the habitat lost has
been restored or rehabilitated.

2. Contaminated runoff from non-point sources degrades the
water and sediments of some bay tributaries and near-shore
areas (Chapter 6).

For many pollutants of concern, loadings to Galveston Bay are
dominated by non-point sources of pollutants, transported by
runoff from the surface of the land to the bay and its tributaries
(Newell et al., 1992). Non-point source (NFS) pollution, a

nation-wide problem, remains the top water quality problem in
Galveston Bay. The pattern and impact of NFS pollution is not the
same as point source. NFS pollution is a highly variable loading
because it is driven by intermittent rainfall. The greatest loading
occurs during the first flush of stormwater when the surface flow
picks up all the pollutants deposited on the ground since the last
rainfall. The impact is acute and at times severe where the highest
loadings enter the system, but it is usually short term.

There is a greater non-point loading to the estuary from total
suspended solids, fecal coliform bacteria, total phosphorus, and
oil and grease than from point source loadings. For example, oil
and grease washing into the bay in an average one-year period is
approximately equivalent to 40 percent of the historic Exxon
Valdez spill (Shipley et al.,1994). Some 90 percent of the oil and
grease loading originates in sub-watersheds with high-density
urban land uses. Indications are that non-point sources of pollutants
have steadily increased to the present day.

The diffuse sources of these pollutants, the need for wide-spread
social and cultural changes by residents of the watershed, and the
intractability and cost of retrofitting urban stormwater infrastructures
pose challenges. Although the diffuse nature of NFS makes it very
difficult to manage, the National Pollutant Discharge Elimination
System (NPDES) Stormwater Program, now part of the Texas
Pollutant Discharge Elimination System (TPDES) in Texas, is
geared to address it. Phase I of the program is being implemented,
requiring cities with a population over 100,000 to develop and
implement storm water management plans. The federal rules for
Phase II that require similar programs for cities with populations
below 100,000, but greater that 10,000, were finalized in October
1999. With federal delegation to the State of NPDES Program
authority in 1998, the TNRCC will be developing state rules to
implement Phase II of the program. These must address six
minimum control measures, including: public education and
outreach, public participation/involvement, illicit discharge
detection and elimination, construction site runoff control,
post-construction runoff control, and pollution prevention/good
housekeeping.

3. Raw or partially treated sewage and industrial waste enters
Galveston Bay due to design and operational problems,
especially during rainfall runoff (Chapters 6 and 9).

As cities in the Galveston Bay watershed have grown, their aging
sewage collection systems have suffered from subsidence, corrosion,
and larger-than-design flows. As a result, leaks occur and allow
entry of stormwater during wet periods, exceeding the capacity of
lines, lift stations, and treatment plants. The result is sewage
bypasses to the bay's tributary waters. Conversely, sewage can
also leak out of broken lines and flow to groundwater or the storm
sewer system (Jensen et al., 1991).



5. Certain toxic substances have contaminated water and sediment
and may have a negative effect on aquatic life in contaminated
areas (Chapter 6).

Human activity in the bay's watershed produces a complicated
array of toxic compounds, many of which are routinely
discharged, spilled, or washed into the estuary. Once in the bay,
toxicants can cycle back and forth among the water, sediment,
and tissues of living organisms. In water, most of the metals are
declining in areas of maximal concentrations, possibly because
suspended solids have shown declines. Typically, levels of toxic
contaminants in open bay waters are below detection limits. In
sediments, there are elevated contaminant concentrations in
regions of urban runoff, inflow, and waste discharges. Metals are
declining in navigation channels, but there are low, relatively
stable concentrations of some metals in the open bay segments of
the Houston Ship Channel.

Various studies have measured contaminants in tissue in a number
of species. In oysters, Wade et al. (1991) reports polynuclear
aromatic hydrocarbons (PAHs) were identified. PAHs are related
to petroleum and combustion of petroleum and other organic
compounds. Toxic contaminants, such as these, have been
documented to have effects on the bay's bottom-dwelling
community (Carr, 1993; Roach etal., 1993a, 1993b),andonestuarine-
dependent species like colonial-nesting birds (Rice and Custer,
1991). Conditions appear to be improving, but problems remain
near urban areas, points of surface runoff, waste discharges, and
shipping facilities.

Metals and other toxicants remain a problem only in select areas,
e.g. the Houston Ship Channel. Levels of polychlorinated
biphenyl (PCB), a chemical used mostly as a transformer oil, have
declined, corresponding to the phased out use of these materials.
Dioxin remains a bioaccumulant of concern in localized areas.

The Clean Water Act Section 303 (d) List is developed by the
TNRCC based on the results of a monitoring and assessment
program that determines which water bodies are meeting the
standards set forth for their use, and which are not. These
standards, the Texas Surface Water Quality Standards, are rules
designed to: establish numerical and narrative goals for water
quality throughout the state; and provide a basis on which TNRCC
regulatory programs can establish reasonable methods to implement
and attain the state's goals for water quality. The standards are set
based on a water body's designated use. There are four general
categories for water use in Texas: aquatic life use, contact recreation,
public water supply, and fish consumption. Standards associated
with the aquatic life use are designed to protect aquatic species.
Contact recreation use standards measure the levels of certain
bacteria in water to estimate relative risk of swimming or other
water sports involving direct contact with water and the bacteria
and viruses in it. The standards associated with public water
supply indicate whether a water body is suitable for use as a
source of water for public water supply system using only

In response to a U.S. Environmental Protection Agency (EPA)
initiative, the City of Houston undertook a major construction
project to improve and expand the city's underground wastewater
collection system. It has now completed a $1.2 billion collection
system rehabilitation. Other cities throughout the Galveston Bay
watershed have initiated evaluations of their collection systems
and have completed rehabilitation plans.

The discharges of small utility districts have substantial effects on
several urban bayous which are dominated by wastewater during
dry periods. These districts cannot afford the same operation and
maintenance cost for their treatment plants as larger utilities.
Implementation studies conducted by the GBER Harris County
Pollution Control, and the Gulf Coast Waste Disposal Authority
found that technical assistance provided to these facilities made a
difference in reducing waste discharges. A major component in
addressing the problems of small utility districts in the next five
years will be the provision of technical assistance.

4. Future demands for freshwater and alterations to circulation
may seriously affect productivity and overall ecosystem health
(Chapters).

Continued high productivity of Galveston Bay depends to a great
degree on the maintenance of adequate, high-quality fresh water
inflow. Fresh water inflows affect circulation and water quality
within the estuary. Many species of fish, wildlife, aquatic plants,
and shellfish depend on adequate fresh water inflows for survival
or reproduction.

A comparison of monthly mean flows before Livingston Dam
construction (1941-1969) and after dam construction (1972-1987)
indicates that peak flows have been cropped and low flows have
been increased, and that the timing of peak flows have been
delayed slightly. Base flow to the bay during critical low flow periods
has increased due to additional return flows from urban areas.
These return flows, in conjunction with inter-basin transfers of
water, will likely continue to significantly dampen seasonal flow
variations in the future (Soils and Longley, 1993). An analysis of
fresh water inflow trends for the period from 1978 to 1998 did not
identify statistically significant trends indicative of a reduction of
fresh water inflow volume from the Trinity River, or to the estuary
as a whole (see Chapter 5).

The Texas Water Development Board and the Texas Parks and
Wildlife Department (TPWD) have worked together to establish
estimates of freshwater inflow requirements for the bay. Their
model suggests that maximum harvest of six representative
species was achieved at 5.2 million acre feet of inflow per year.
However, due to the complexity and dynamics of an estuarine
system, further evaluation of the temporal and spatial distribution
of these flows is needed. Based on the results of the detailed
evaluation, management strategies are being discussed by the
Galveston Bay Freshwater Inflows Group, working in cooperation
with the GBEP and the Region H Water Planning Group.



conventional surface water treatment. Lastly, standards for fish
consumption use are designed to protect the public from
consuming fish or shellfish that may be contaminated by
pollutants in the water.

Those regulated segments of water that are not meeting their
designated use are now or will in the future be subjects of Total
Maximum Daily Load (TMDL) programs. A TMDL program studies
the pollution problems and allocates loadings of the subject
pollutant to stakeholders in the watershed in order to improved
water quality. Summaries of the TMDLs in the lower Galveston
Bay watershed are briefly described below.

Although water quality in the Houston Ship Channel system has
improved dramatically since the 1970's, aTMDL project addressing
dissolved nickel concentrations in water was conducted. Analyses
indicate that nickel criteria are being met in the Houston Ship
Channel system. There is some amount of potentially useable
loading capacity that remains unallocated at this time (with the
exception of Tucker Bayou). The final TMDL report was forwarded
to EPA Region 6 for approval in September 2000.

Clear Creek is on the Texas 2000 Clean Water Act Section 303 (d)
List for impairments due to pathogens, chlordane,
dichloroethane, trichloroethane, and carbon disulfide (TNRCC,
2000). Preparation of draft TMDLs for these impairments is
underway. Additionally, other TMDLs will be established for
volatile organic carbons in fish tissue, while one TMDL report in
particular will address legacy pollutants in fish tissue. Legacy
pollutants are substances that have been banned or severely
restricted by the EPA, but are still present in the environment.
With these restrictions, gradual declines in environmental legacy
pollutant concentrations are expected to occur as a result of natural
processes. The TMDL for legacy pollutants was approved by the
Texas Natural Resource Conservation Commission (TNRCC) on
October 6, 2000 for release for public comment.

The upper portion of Galveston Bay and the Houston Ship
Channel are on the Texas 2000 Clean Water Act Section 303 (d) List
for impairments due to elevated levels of dioxin in catfish and
blue crab tissue. This TMDL project, initiated in fall 1999, will
assess current conditions to determine the appropriate direction
and methods to be used to establish a pollutant load allocation to
address the dioxin impairment in these water bodies. The
University of Houston is conducting the technical assessment and
the Houston-Galveston Area Council (H-GAC) is coordinating the
public participation component of this project.

Patrick Bayou is on the Texas 2000 Clean Water Act Section 303 (d)
List for impairments due to elevated levels of dissolved copper,
elevated water temperature, and water and sediment toxicity. This
project will address all of the parameters of concern. Unlike other
TMDL projects, a consortium of permitted dischargers in the
Patrick Bayou area initiated this project. Sampling is scheduled to
be completed by the summer 2001 with subsequent data analysis
and modeling slated for completion by the summer 2002.

A statewide project will assess the presence and causes of ambient
(in-situ) toxicity in several Texas waterbodies including sediment
toxicity in Vince Bayou in Harris County. ATNRCC contractor is: 1)
compiling and reviewing existing data and information pertaining
to toxicity and potential toxicants in the water bodies and watersheds
of concern; 2) conducting water quality monitoring and
investigations of toxicity to assess the presence and causes of in-situ
toxicity; and 3) coordinating and reporting project activities with
other state and federal agencies and stakeholders.

6. Certain species of marine organisms and birds have shown a
declining population trend (Chapters).

Intensive harvest of seafood, combined with habitat losses and
contamination of the ecosystem, has resulted in widespread concern
over species reductions in the Galveston Bay watershed. Analyses
of recent data outlined in Chapter 8 confirm that most monitored
species exhibit no trend or an upward trend in density, indicating
a generally healthy estuarine community. Apparent decline in a
few species, particularly blue crab, is a concern.

Review of old maps of the Texas coast (Quast et al., 1988) indicated
an extensive loss of intertidal oyster reefs along the bay's
shoreline. Nevertheless, most reef-dependent species have
survived and tolerated the changes. This attests to the resilience of
estuarine species, which evolved to withstand drastic natural
variability in their environment.

Estuarine-dependent species analyzed included birds (see
Chapter 8). A decreasing population trend was noted for black
skimmers and least terns (McFarlane, 2000). These are colonial
nesting species, which generally nest on exposed beaches. Two
species of tern, royal and sandwich, are apparently increasing, as
is the brown pelican. The bird data were particularly difficult to
interpret due to the variability of the abundances and the limitations
of observations based only on sightings at nesting locations.

Oysters continue to play a significant role in monitoring the
health of the bay's living resources. Dr. Sammy Ray at Texas A&M
University in Galveston is using the incidence of a parasitic infection,
"dermo," to assess the stress levels of oyster populations. One
effect of the recent drought conditions in 1999 and 2000 was to
contribute to a higher level of dermo in the populations, especially
in the lower bay.

Populations of some species are impacted by incidental harvest
during shrimp trawling and recreational fishing. The installation
of Bycatch Reduction Devices (BRD) on trawls could contribute to
a greater recovery of these organisms. The use of Turtle Exclusion
Devices (TEDs) has begun to impact turtle populations in a positive
way, although strandings are still observed.

7. Shoreline management practices frequently do not address
negative environmental consequences to the bay, or the need for
environmentally compatible public access to bay resources
(Chapter 5 and 7).



The environmental impact of bulkheading, docks, and revetments
may be larger than the actual physical modifications would
suggest. Ward (1993) estimated that about 70 miles (10%) of the
bay shoreline has been either bulk-headed or converted to docks
or revetments. Continued development of the shoreline
contributes to erosion, increased turbidity, loss of wetlands,
increased point and non-point source pollution, and reduced
public access to beaches and the shore.

Local governments are working with GBEP and the H-GAC to provide
assistance on developing model municipal ordinances to protect
valuable shoreline areas. Integrated planning and management
efforts are needed to reconcile the activities of improving public
access and expanding recreational opportunities with maintaining
shoreline integrity.

8. Bay habitats and living resources are impacted by spills of toxic
and hazardous materials during storage, handling, and
transport (Chapter 6).

Accidental spills or deliberate dumping of oil and toxic materials
affect both aesthetics and ecological functions of Galveston Bay.
The concentration of industry, shipping operations, and urban
development in the watershed puts the bay at risk from spills.
Increasing ship traffic through Galveston Bay increases the risk of
spills. However, the widening and deepening of the Houston Ship
Channel should reduce the number of spills resulting from collisions.

When these incidents inevitably occur, improved cleanup
becomes important. Most spills that occur in the Galveston Bay
area are relatively small and involve chemicals that decompose
over time. Efforts by the Coast Guard, Texas General Land Office
(GLO) and resource agencies to better plan and coordinate spill
responses have produced cleanup improvements.

9. Seafood from some areas in Galveston Bay may pose a public
health risk to subsistence or recreational catch seafood consumers
as a result of the potential presence of toxic chemicals (Chapter 9).

Maintenance of adequate public health standards for estuarine
seafood is important for protection of the general public, and is
also critical for the long-term viability of the fishing industry.
Because of the state-wide demand and the high cost associated
with tissue analysis, fish and shellfish from Galveston Bay are
sampled for toxic contaminants, and consumer risks are assessed
on a nonroutine basis. Several studies of the safety of seafood
from Galveston Bay have been recently performed by the Texas
Department of Health (TDH) in cooperation with the GBEP to
provide an updated assessment of seafood safety and communicate
the information to the public.

Contamination of estuarine organisms is most prevalent in areas
of high levels of pollution, such as the upper Houston Ship
Channel. A dioxin advisory has been issued by the TDH to restrict
the harvest of catfish and blue crabs for human consumption

from the Houston Ship Channel. The TDH has also issued a fish
consumption advisory for Clear Creek due to the presence of toxic
compounds: dichloroethane, trichloroethane, chlorodane, and
carbon disulfide. A study by Brooks et al. (1992) involved analysis
of contaminants in five species of seafood from four sites in
Galveston Bay. Oysters were generally the most contaminated
species. Contaminant levels were higher at Morgan's Point and
decreased to the south. Compounds of concern included PAHs
and PCBs. Based on the contaminant values from Galveston Bay,
most average consumers would experience no increase in risk.
However, risk levels for recreational or subsistence fishermen who
eat large quantities of seafood (about ten pounds per month)
would exceed the EPA benchmark risk level.

The GBEP and TDH partnered to develop a Seafood Safety
Consumption Program. Through this joint effort, standard
sampling methodologies have been established for Galveston Bay.
In 2001 the TDH will complete a comprehensive risk assessment
of seafood for the Galveston Bay Complex. Highlights of their findings
thus far are presented in Chapter 9.

10. Illegal connections to storm sewers introduce untreated
wastes directly into bay tributaries. (Chapter 6)

Several bay tributaries, including Buffalo Bayou and White Oak
Bayou, have been listed on the Texas 2000 Clean Water Act Section
303 (d) List for bacterial contamination. Most of the urbanized
streams in the Galveston Bay area are probably subjected to water
quality degradation from these sources. The City of Houston
conducted a survey that found several accidental and intentional
connections of sanitary sewage lines to the storm sewers that
were responsible for elevated concentrations of fecal coliform
bacteria in Buffalo Bayou. By eliminating these discharges, there
was a marked improvement in dry-weather water quality in the
bayou, but levels of fecal coliforms remain high. A program to
identify and eliminate dry-weather illegal connections in
Galveston County has been initiated by the Galveston County
Health District.

Illegal connections, noted in previous GBEP studies as a source of
bacterial contamination in urban bayous, are recognized as a
national issue. The significance of this issue is further emphasized
by inclusion of requirements to develop illicit connection
detection programs in both Phase I and Phase II NPDES Storm
Water Programs.

11. Dissolved oxygen is reduced in certain tributaries and side
bays, harming marine life (Chapter 6).

Dissolved oxygen (DO) is generally satisfactory throughout the
bay. However, poorly flushed tributaries are subjected to runoff
inflow and waste discharges. The trend since the early 1970s is an
increase in DO. Even in the Houston Ship Channel, the DO has
been improving, although, the bay's western, urbanized
tributaries remain problem areas. These waters receive the bulk of



the bay's NFS pollutants in runoff, and have the greatest frequency
offish kills related to oxygen depletion, particularly in areas with
poor circulation.

Sensitive areas and areas impacted by nutrients or oxygen-
demanding substances are being identified through the 303 (d)
listing process. The Texas 2000 Clean Water Act Section 303(d) List
identifies four waterbodies in the Galveston Bay area impacted by
reduced dissolved oxygen levels: Armand Bayou, Dickinson
Bayou, Taylor Bayou Above Tidal, and the Texas City Ship
Channel. Interpretation of DO variation and identification of
potential causes of low DO is challenging because the natural
system has daily and seasonal variation patterns. The waterbodies
not meeting state standards will undergo a TMDL project to
characterize the problems, identify causes and allocate loadings
to ensure the water body meets standards and maintains its
designated use.

12. About half of the bay is permanently or provisionally closed to
the taking of shellfish because of high fecal coliform bacteria
levels that may indicate risk to shellfish consumers (Chapter 9).

Approximately 300 square miles (200,000 acres) of Galveston Bay
are classified by the TDH in one of four categories: approved,
conditionally approved, restricted or prohibited. All areas not
specifically designated as prohibited, restricted, conditionally
approved, or approved are classified as prohibited and are closed
to the harvesting of molluscan shellfish. Restricted areas are
closed to the harvesting of shellfish for direct marketing.
Conditionally approved areas are subject to status changes based
upon meteorological or hydrological conditions. The prohibited
category is the smallest in extent, but is deemed by the TDH to
pose a significant risk of disease to shellfish consumers.

The risk of disease is not determined directly, but is addressed by
measuring concentrations of fecal coliform bacteria as an indicator
organism. These bacteria indicate the contamination of waters by
wastes from birds or mammals (including humans) that could
also contain much more dangerous pathogens, for example those
causing typhoid fever. Wet weather runoff is the most significant
source of bacteria (Jensen et al., 1991). Based on measurements of
fecal coliform bacteria in water and oysters, and by establishing
relationships between rainfall runoff and elevated fecal coliforms,
classification maps are produced annually by the TDH and
utilized by commercial fishermen and the public to determine
where oyster harvest can legally occur.

Changes in classification of harvest areas from 1996 to 2000, based
on fecal coliform concentrations in Galveston Bay, indicate some
areas of improvement and some areas of degradation (See
Chapter 9). Large areas of the bay have changed from restricted to
approved and conditionally approved, but some areas have been
downgraded from approved to conditionally approved. Resource
managers believe that additional monitoring could result in better
evaluation of conditions that may shorten the amount of time an

area is in the closed status.
Estuarine ecosystems may contain other pathogens of concern
not associated with human waste, e.g. Vibrio species. Vibrio,
vulnificus is responsible for a small number of deaths and illnesses
arising from consumption of raw or partially cooked seafood by
people with compromised immune systems or malfunctioning
livers. A major outbreak of gastrointestinal illness in 1998 from
Vibrio parahaemolyticus in Galveston Bay oysters resulted in
allocation of additional funds to study the bacteria. A monitoring
program has been established for V. vulnificus and V.
parahaemolyeticus.

The TNRCC has incorporated into the Texas Surface Water Quality
Standards (30 TAG 307) a recommendation for replacement of the
traditional bacterial indicator, fecal coliform, with Escherichia coli
for freshwater and Enterococcus sp. for saltwater for use in contact
recreation designations. However, TDH is restricted by federal
requirements to the use of fecal coliform for shellfish consumption
designations.

13. Water and sediments are degraded in and around marinas
from boat sewage and introduction of dockside wastes from
non-point sources (Chapter 6).

Raw or partially treated sewage has been discharged directly from
boats to estuarine waters due to a lack of use of pump-out facilities
and minimal enforcement. Boat maintenance activities often
result in wastes that wash into the bay with runoff and deliberate
dumping of debris like batteries. This may result in high bacterial
levels, low dissolved oxygen, and toxic contamination of water
and sediment. Contaminant concentrations can be exacerbated
by marina construction designs which limit circulation in boat
slip and maintenance areas.

The Clear Lake area has been designated a "zero discharge zone"
by the EPA and TNRCC. This designation, which bans the
discharge of waste from boaters, was a significant step, but
enforcement remains a challenge. TPWD, Sea Grant and the GBEP
have formed a boater waste discussion group composed of
agencies, educators, boaters, and marina operators to coordinate
and address education, training, and enforcement needs for the
Galveston Bay area.

14. Some bay shorelines are subject to high rates of erosion and
loss of stabilizing vegetation due to past subsidence/sea level
rise and current human impacts (Chapter 5 and 7).

Sixty-one percent of Galveston Bay's 232 miles of shoreline is
composed of highly productive fringing wetlands. This shoreline
is eroding at an average annual rate of 2.4 feet (Paine and Morton,
1991). The erosion is exacerbated by hurricanes, global sea level
rise, historical land subsidence, shoreline development and
shipping activity (White et al., 1993). The increasing importance
of coastal erosion is evidenced by passage of the Coastal Erosion
Planning and Response Act. This act, established under Senate Bill
(SB) 1690 by the Texas Legislature in 1999, represents significant



progress for organizations responding to erosion problems. As
noted in the Act, public beaches and bays are the economic
backbone of the cities and counties on the Texas Gulf Coast.

Natural and man-made forces are eroding those beaches and bay
shores, threatening the coastal tourism industry, parks and other
public lands and facilities, hotels, restaurants, businesses and
other commercial property highways and other transportation
infrastructure, and fish and wildlife habitat, and destroying the
public's right to enjoy free public beaches guaranteed under the
Texas open beaches law Chapter 61, Natural Resources Code. (SB
1690,1999). The act provided some $15 million in Texas fiscal year
2000 and 2001 for erosion response efforts.

Erosion problems are correlated to some human activities, which
could be subject to management. For example, the Harris-
Galveston Coastal Subsidence District (HGCSD) was created in
1975 to regulate groundwater withdrawal. The subsidence issue is
considered largely resolved in the Harris-Galveston area; however,
new information indicates it may still be a problem in other areas.
Christmas Bay continues to subside from groundwater
withdrawals in the Pearland-Brazoria area.

Efforts have been made to reduce erosion in sensitive areas of
the bay. The U.S. Fish and Wildlife Service (USFWS) installed
articulated stainless steel matting in Christmas Bay to stabilize
vulnerable areas of shoreline. In other areas of the bay, USFWS,
TPWD, GLO, and GBEP have worked cooperatively with conservation
groups to create oyster reefs and fringing wetiands, which have
the effect of reducing erosion.

15. Illegal dumping and water-borne and shoreline debris
degrade water quality and aesthetics of Galveston Bay
(Chapter 6).

Estuarine debris represents a serious aesthetic and ecological
concern in Galveston Bay. Debris is concentrated along the
shoreline, where it accumulates due to the actions of winds,
currents, and waves. Floating debris, particularly plastic, can
harm wildlife, entangle propellers, and clog the intakes of marine
engines and industrial facilities. Plastic products are a major
component of debris in Galveston Bay. In samples of the Houston
Ship Channel, most items appear to be stormwater-related, rather
than sewage-related (Radde et al.,1991).

Some efforts to reduce trash are being made by local governments
through implementation of storm water management plans.
These have provisions for removing trash and debris from storm
water discharges. The Annual Trash Bash event, involving citizens
in shoreline and nearshore trash cleanup at select sites in the bay
watershed, has been successful both in the amount of trash
removed and the number of people involved. However, cost to
recover trash can be very high. The most effective means of
addressing debris is prevention, which requires public education
and involvement.

16. Some tributaries and near-shore areas of Galveston Bay are
not safe for contact recreational activities such as swimming,
wade-fishing, and sail-boarding due to risk of infection
(Chapter 9).

Overall, potential risks from pathogens associated with contact
recreation in the bay system are considered to be relatively low.
The current Texas water quality criterion for contact recreation is
200 fecal coliform bacteria colonies per 100 ml of water. All open
bay areas of the estuarine system generally conform with this
standard. Fecal coliform concentrations within western bay
tributaries declined dramatically during the 1970s and 1980s,
reflecting the improvement of wastewater treatment. A number of
bay tributaries have been listed on the Texas 2000 Clean Water Act
Section 303 (d) List for bacterial contamination, likely resulting
from storm water run-off and other human activities.

A Beach Monitoring Program was initiated by the GLO under the
Coastal Management Program for six counties on the Texas coast.
It consists of a water sampling program and notification process
for potential beach users. This program began in the fall of 2000
in coordination with the TNRCC and the TDH. The Coastal
Management Program provided initial funding for the program.

17. Some exotic/opportunistic species (e.g. nutria and grass carp)
threaten desirable native species, habitats, and ecological
relationships.

Within the Galveston Bay estuary, the introduction and proliferation
of exotic species has contributed to the degradation of some
portions of the estuarine habitat. Significant populations of
nutria, a large beaver-like rodent that migrated from Louisiana
where they were imported for their fur during the 1930's, strip
vegetation within freshwater and brackishwater wetlands. Grass
carp, which were introduced to control aquatic vegetation, have
established a reproducing population in the Trinity River and have
dispersed to many tributaries of the estuary. The encroachment of
fire ants into the estuarine ecosystem poses an increasing threat
to nesting bird populations. Giant salvinia, an aquatic plant capable
of completely filling waterbodies, is present in the lower
Galveston Bay watershed.

The impacts and threats to the region from exotic species are
being addressed, both locally and regionally. TPWD and USFWS
attempt to coordinate efforts on a statewide and regional level.
Federal law prohibits introduction of non-indigenous aquatic
nuisance species to United States territory, and Texas attempts to
prohibit introduction of similar species to Texas. Unfortunately,
prohibition is limited to species that are known to be problems or
have characteristics that will cause problems. It is usually very
difficult to predict how an exotic species will respond in a new
environment. Effective enforcement remains a challenge because
exotic species are "presumed innocent until proven guilty."



Enforcement officials are being trained to improve enforcement
of exotic species regulations. The potential introduction of invasive
species through ballast water has become a growing nationwide
concern. Federal regulations have been established to regulate the
discharge of ballast water in the nearshore environment.
Currently, only the Great Lakes are protected by mandatory rules
against ballast water exchange in the waterbody. Galveston Bay is
protected by a voluntary program for ballast water exchange
outside the estuary.

Summary
The management of Galveston Bay under The Galveston Bay Plan
is dependent on access to and interpretation of scientific
information about the bay and impacts of human activities. This
information is used for assessment of risk from the identified
impacts. A wide variety of actors must participate in a complex set
of actions to safeguard the Bay. The Galveston Bay Estuary
Program has compiled most of the available information on the
Bay and coordinates many of the participants in protection and
conservation of this important resource.

Seventeen priority problems were identified and have been
addressed over the five years of Plan implementation. The priority
problems and highlights of the information currently available on
them are presented in Chapters 5 - 9.

Progress or change in the status of problems identified in
The Galveston Bay Plan will be highlighted in the following
chapters. Assessments of the action plans in The Plan and prospects
for the future of Galveston Bay are presented in the Epilogue.



CHAPTER TWO

Characterization of the Ecosystem
Ecosystems are difficult to define because they have "fuzzy"
edges, come in all sizes, and overlap and interact with one another.
Galveston Bay is influenced significantly by interchange between
the river and bayou watersheds and the Gulf of Mexico ecosystems.
The gulf ecosystems are major contributors of larvae and
juveniles of many marine species that enter the estuary seeking
food and shelter. The distribution of organisms varies greatly in
time and space. Species seen on the bay shore of Galveston Island
will differ somewhat from species frequenting the shoreline of
Trinity Bay. Species commonly observed at a site during the
summer may be replaced with other species in winter.

The aquatic ecosystems of the watershed provide both "goods"
and "services" to society (Odum, 1997). Ecosystem "goods"
include food, cooling water, and shell. Ecosystem "services"
include storing and cycling essential nutrients, absorbing and
detoxifying pollutants, maintaining the hydrologic cycle, and
moderating climate. In human terms, services also include
providing sites for recreation, tourism, research and inspiration.
When human activities disrupt the essential functions of an
ecosystem, the assimilative capacity of the natural system is
exceeded and die normal flow of "goods" and "services" provided
by healthy ecosystems is impaired.

Estuaries are among the most naturally fertile waters in the world
(Odum, 1997). Their high productivity results from their unique
juxtaposition at the edge of the continent. Nutrients from four
sources contribute to the productivity of estuaries: 1) fresh water
flowing off the land; 2) tidal exchange with the ocean; 3) the
atmosphere; and 4) the recycling of material from the estuarine
bottom sediments. The most important nutrient is nitrogen, a

component found in all proteins. Phosphorus, carbon and other
compounds in lesser amounts also serve as nutrients to living
things in the estuary.

The major habitats of Galveston Bay are quite distinctive and easily
recognized (see Figure 2.1). The largest habitat is the three-
dimensional open-bay water itself, to which all other habitats are
linked. Equally large in area, but virtually two-dimensional, is the
underlying open-bay bottom. The bottom functions as a matrix
upon which several different types of habitat can be found.
Patches of oyster reef rise up on bottoms with stable sediment and
ample current flow. On softer sediments in shallow water, patches
of submerged aquatic vegetation - me subtidal seagrass meadows -

Figure 2.1. Conceptual model of Galveston Baij showing the major
habitats and their connections to the continent and the Gulf of
Mexico. Source: McFanane. IPP-t

Between the oceans and the continents lies a band of diverse ecosystems. These are not just
transition zones, but have ecological characteristics of their own. Although physical factors
such as salinity and temperature are much more variable near shore than in the ocean
itself, food is so plentiful there that the region is packed with life.
-E. P. ODUM, ECOLOGY: A BRIDGE BETWEEN SCIENCE AND SOCIETY, 1997



can be found near the periphery of the bay. Much of the bay
bottom is soft, rippling mud and silt, uncovered by oysters or
plants. As the bay bottom slopes upward at the edge of the bay,
emergent intertidal marsh vegetation lines the shore. Some
low-sloping shore zones do not support emergent vegetation,
remaining as intertidal mud flats. Patches of very soft, unconsolidated
subtidal bottom are scattered within various shoreline wetlands
to create the peripheral marsh embayments.

Food webs in Galveston Bay are essentially of two types
(Armstrong, 1987). One web is based on production and
consumption of living plant tissue in the form of free floating
phytoplankton. The second web is based on detritus, dead plant
and animal tissue, produced both within and outside the bay
system. Detritus is received from the watershed in river and bayou
inflow and from the fringing marshes. Detritus-based food chains
are complex and poorly understood.

Open-Bay Water
This habitat is essentially featureless except for an invisible
horizontal and vertical salinity gradient, and at times, gradients of
temperature and dissolved oxygen. The open-bay water covers
354,000 acres and has an average depth of seven feet. Subsidence
has increased the volume of the bay through flooding and
inundation. As seen in Figure 2.2, the land surface in and around
Galveston Bay has sunk by as much as 10 feet in some places since
1906 (HGCSD, 1998). The bay's pelagic inhabitants include all of the
active swimmers and passive drifters found in the water column.

The primary producers of
the open-bay water are
composed of various groups of
phytoplankton. The primary
consumers which feed upon
these phytoplankton are
the numerous and diverse
zooplankton (animals which are
suspended in and transported by
water) and phytoplanktivorous,
or plant-eating, fishes. The
secondary consumers are
principally larger organisms
capable of self-directed swimming
and feeding activity. Food
chains in this habitat can
be quite long, extending to
six or seven levels, and
permitting high concentrations
of some pollutants at the
top trophic levels through
bioamplification. Dead organisms and egested material sink to
the bottom to be recycled by decomposers inhabiting the
open-bay bottom (see Figure 2.3).

Figure 2.2. Subsidence around Galveston Bat) from \^d6 to 1595 • Map is
contoured in 1 foot intervals. Source: Harris-Galveston Coastal Subsidence district

Open-Bay Bottom
The open-bay bottom is the second largest habitat of the bay,
consisting of those areas of the bay bottom not covered with
oyster reef or seagrass meadow. The size of this habitat has also
increased over the last 100 years, primarily by the removal of shell
from large areas of the bay bottom and by the open bay disposal
of dredge material.

The food web of the bottom habitat is based upon biological
decomposition of detritus and capturing phytoplankton circulated
from the surface. Detritus reaches this zone in the form of
"planktonic rain," dead planktonic organisms; egested material;
imported dissolved organic matter; and fine or coarse paniculate
organic matter transported from the riverine and peripheral
wetlands or submerged aquatic vegetation (Day et al. 1989).

Fungi, bacteria, and protozoans play a key role as benthic
decomposers. They manufacture digestive enzymes capable of
breaking down cellulose, the structural component of higher
plants. Their action releases nutrients from decomposing plant
and animal tissue to the water column.

Larger organisms subdivide the habitat into two components
(Harper, in Green et al., 1992; LaSalle et al., 1991; Ray et al., 1993).
The epifauna live on the surface of the bottom sediment. The
infauna burrow into the bottom sediment. Some feed by straining
suspended particles from the water column (e.g. most bivalve
mollusks). Others feed by ingesting sediment and extracting
nutrients in the digestive tract (i.e. deposit feeders, including

many worms). Snails graze
along the sediment surface
and crabs scavenge there.
The open-bay bottom
habitat is closely coupled
with the open-bay water
habitat. Plankton are
consumed by epifaunal
and infaunal suspension
feeders. In turn, many
benthic organisms
contribute their larvae
to the water column.
Numerous fishes (e.g.
croaker, spot, mullet and
drum) forage on benthic
organisms. Diving birds
(particularly ducks) reach
the benthos to consume
small mollusks and other
organisms.

Oyster Reef
Oyster reefs tend to form where a hard bottom and sufficient
current exist to transport planktonic food to the filter-feeding oys-
ters and to carry away sediment, feces, and pseudofeces (materi-



deltas, only 280 acres of seagrass beds remain in the Galveston
Bay system, most all within Christmas Bay (TPWD, 1999).

Marsh
Emergent wetlands (better known as marshes) provide valuable
ecological and economic benefits including habitat for valuable
estuarine species, flood control and improved water quality
(TPWD, 1997). Emergent marshes produce an enormous biomass,
about 10 percent of which supports terrestrial herbivores. The
remainder flows to a large detritivorous estuarine food chain
(Wiegert and Freeman, 1990).

Intertidal marshes are structurally resilient. Where subsidence,
dredging, filling and shoreline development have not disturbed
them, marshes appear little affected by human agriculture or
industry. The grasses adapted to high-salinity marshes are
particularly tough, mineralized and therefore resistant to
herbivory. In addition, the osmotically-stressed intertidal system
is not an easy target for the invasion of exotic plants and animals.
Estuarine wetland acreage in the Galveston Bay system has
decreased overall by approximately eight percent between 1950
and 1989 (TPWD, 1997). Losses in estuarine wetlands in one area
are often offset by gains in another due to marsh establishment in
inundated upland areas.

Freshwater wetlands appear to be the most vulnerable to
development and invasion by introduced species, such as water
hyacinth, Chinese tallow, nutria, and grass carp. Approximately 54
percent of freshwater marshes in Galveston Bay watershed were
lost during the period of 1950 to 1989 due to draining of wetlands
and conversion to upland areas (TPWD, 1997).

Intertidal Mud Flat
The intertidal mud flat habitat is "vegetated" by microalgae,
macroalgae and phytoplankton. Most of the benthic biomass is
supported by primary production from outside of the habitat and
imported via water currents and tidal action (Peterson and
Peterson, 1979).

On mud flats, members of the higher trophic levels appear as
transients with the tides. At high tide, fishes move onto the flats to
feed, followed by piscivorous predators, both birds and fishes. At
low tide, gleaning and probing shorebirds feed on and in the
exposed surface while waders seek prey stranded in tidal pools.
Overall, nutrients, organic particles and living organisms readily
move in and out of the habitat.

The sediments of mud flats and open bay bottom serve as a nutrient
sink. Nutrients and other compounds adsorb to sediment particles.
In this shallow zone, the sediments are subject to resuspension by
wave action and bioturbation, or the disturbance of sediments,
from the many infaunal animals. When nutrient concentrations in
the water column decline, the sediments give up their adsorbed
nutrients to establish chemical equilibrium.

al which has been filtered from the mantle cavity of bivalve mol-
lusks such as oysters, but not processed through the digestive
tract). The reefs form in the open bay, along the periphery of
marshes, and near passes and cuts, and can be either subtidal or
intertidal (Powell, 1993). Reefs consist of a substrate of oyster shell
covered by live oysters and other commensal organisms.

The oyster reef community is very diverse. While oysters are
dominant, other bivalve mollusks, gastropods, barnacles, crabs,
amphipods, isopods, and polychaete worms are normally
abundant. The reef community has some algae, but is dependent
on the importation of food resources from open bay water and
peripheral marshes.

Secondary consumers of the reef include predators, parasites and
pathogens, some of which are important oyster population
control agents. Demersal fish with crushing teeth (e.g., black
drum) and crabs, stone and blue, prey on small oysters with thin
shells. Oyster drills are capable of drilling through the shells of
larger bivalves.

Oysters have a valuable ecological role as filter-feeders in the estuary.
The volume of water filtered per hour is about 1,500 times the
volume of their body (Powell, et al., 1992). A large, healthy oyster
population is able to filter large volumes of bay water, and may
therefore influence conditions such as water clarity and
phytoplankton abundance. At the same time, their propensity to
bioaccumulate some pollutants, combined with their lack of
mobility, make them important indicator organisms for
determining the health of the estuary.

Seagrass Meadow
Patches of submerged aquatic vegetation (SAV) and associated
consumers compose the seagrass meadow community in soft
sediments along the shorelines. The fauna associated with patches
of SAV is quite diverse (i.e. 20 fish and 15 crustacean species;
Zimmerman et al., 1989; Czapia, 1991). Over the last 50 years this
habitat has almost disappeared from West and East Bays where it
was once widespread. Excluding freshwater SAV in and near bay



Characterization of the Watershed
A watershed can be defined as a drainage basin - that area of land
from which water drains into a river, bayou, stream, lake or bay.
Watersheds come in many shapes and sizes ranging from just a
few acres to millions of square miles with smaller watersheds
often nested within larger ones. Residential, industrial and
agricultural lands all reside within watersheds. A land-based
activity can have an impact on the quality of water within the
watershed. Fertilizers and pesticides from lawns, herbicides from
fields, oil and grease from roads and parking lots can progress
from the land into the water when transported via surface runoff.

The entire Galveston Bay watershed consists of 33,000 square
miles of land and water, which dwarfs the 600 square miles
covered by the bay (see Figure 2.4). Within this large system,
bayous, streams and rivers carry surface flow to the bay. These
bayous, streams and rivers are quite different in character and
also change their nature from source to mouth. As water volume
increases, the load of sediment carried by the water increases and
the kind of aquatic communities changes as well.

As seen in Figure 2.5, Galveston Bay is commonly divided into
four major sub-bays. Galveston Bay receives the outflow of the
San Jacinto River and much of the local drainage from the City of
Houston via Buffalo Bayou and the Houston Ship Channel. Trinity
Bay receives the outflow from the Trinity River, a large river system
with a watershed that extends north to encompass the Dallas-Fort
Worth region. East Bay lies landward of Bolivar Peninsula and
receives inflow from Oyster Bayou and other runoff from
Chambers County. West Bay is situated landward of Galveston
Island, and receives runoff from Chocolate Bayou, Mustang
Bayou and other local bayous. Christmas Bay and Bastrop Bay are
two relatively undisturbed, somewhat isolated, secondary bays in
the far southwestern part of the estuary.

There are three tidal inlets to the bay, but only two are of major
importance. Bolivar Roads, between Galveston Island and Bolivar
Peninsula, accounts for the majority of the tidal exchange
between the bay and the Gulf of Mexico. San Luis Pass, between
the western end of Galveston Island and Follets Island, is a natural
inlet that provides a lesser amount of the bay's tidal exchange.
Tidal flushing and less urban and industrial development are
responsible for higher water quality in East, West and Lower
Galveston Bays.

The Lower Watershed
The lower watershed is defined as the 4,238 square mile area
draining to the bay downstream of two major impoundments:

Upland ecosystems contribute groundwater inflow, surface
runoff, limited nutrients and some sediments to the river-bayou
ecosystems, often filtered by greenbelts of riparian vegetation
(National Research Council, 1992). Floodplain ecosystems
contribute water, nutrients and sediments to bottomland forests,
which return organic material to the river-bayou system.



Lake Houston on the San Jacinto River, and Lake Livingston on the
Trinity River. These two reservoirs provide some attenuation of
runoff and pollutant loads. Therefore the lower watershed makes
a more direct contribution of pollutants in runoff than does the
upper watershed.

The sprawling city of Houston and its associated metropolitan
area occupies the western side of the bay, while the eastern side
remains largely agricultural and undeveloped. Urban development
contributes polluted runoff from parking lots, streets, highways,
roofs, and yards (Newell et al., 1992). Agricultural development on
the eastern shore contributes non-point sources of nutrients,
fecal coliforms, herbicides and pesticides.

The Upper Watershed
Galveston Bay has two large "upper watersheds," consisting of
2,828 square miles upstream of Lake Houston on the San Jacinto
River and 26,000 square miles upstream of Lake Livingston on the
Trinity River. The Trinity extends past the Dallas-Fort Worth
metroplex with numerous man-made reservoirs on tributaries in
addition to Lake Livingston on the main stem. Land uses within
the watershed include forest and wetland along the river flood-
plain; agriculture in many parts of the watershed; urban areas and
rangeland in the far north-western part of the drainage area. The
San Jacinto River is mostly forested upstream of Lake Houston,
with some urbanization in its lower drainage area.

Summary
The Galveston Bay ecosystem is composed of a complex set of
overlapping habitats that function with a myriad of natural and
inter-linking energy and materials processes. The integrity of
these highly connected, distinct but interacting habitats is vital to
the continued natural function and life-support capability of the
estuary.

These habitats, and hence the estuary as a whole, can be greatly
influenced by actions occurring far from the bay. This implies the
need for an ecosystem-level approach to future management of
the system. Other, more immediate perturbations have more
obvious outcomes. Water and sediment quality reductions and
direct habitat destruction are examples. Having developed in a
physically variable and stressful environment, the habitats which
comprise the estuary ecosystem can withstand considerable
abuse and survive. Some habitats are clearly more vulnerable than
others; however, constant chronic abuse or frequent episodic
abuse at intervals too short to permit recovery between episodes
can ultimately influence each type of environment.
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CHAPTER THREE

ByAlecya Gallaway

Much environmental concern today tends to focus on the results of modern society's impacts

on the environment, such as oil spills, acid rain, pesticides, and urban sprawl. However, for

hundreds and possibly thousands of millennia before the Industrial Revolution, human

beings had a profound, and I believe, still inadequately recognized impact on the face of the

Earth.
-LEE M. TALBOT, MAN'S ROLE IN MANAGING THE GLOBAL ENVIRONMENT, 1989

The purpose of this chapter is to provide insight into the historic
uses of resources in Galveston Bay and its adjacent land area. The
chapter begins with a look back to the developing bay system and
the earliest human resource use. It continues with the use of
resources by Native Americans and changes engendered by the
transition to European-American settlement. The chapter then
focuses on the alterations that occurred as resource use
progressed from agriculture to municipal and industrial uses.

Resource Use: A Historical Perspective

Prehistoric Use
The ecology of Galveston Bay is an evolving system with an extensive
history of human influence. Thousands of years before the bay
formed, sea level dropped and the shoreline moved, from fifty to
one hundred miles, further into the area now covered by the Gulf
of Mexico. The great mammals of the Pleistocene migrated south
as the ice sheets spread and pushed all life to warmer climates.
They came to the land where Galveston Bay would later form. This
land was far from the shoreline of the Gulf and was in a place
where the rivers and the streams were deeply trenched by
floodwaters. Heavy flows cut through the soil all the way to the
continental shelf (LeBlanc and Hodgson, 1959).

Archeological evidence from Galveston Bay of the great
Pleistocene mammals and the men who hunted them was
uncovered by erosion of the high banks on the western shore of
the bay and dredging of the Texas City Channel. The first
mammoth skeleton was discovered, in situ, on the shoreline at
San Leon in 1916 soon after the Houston Ship Channel was
finished (Anonymous, 1921; Blume, 1992; Saunders, 1992;
Saunders and Blume, 1980). Near the sites of these discoveries
local residents found many stone artifacts washing out of the
bank, some of which have been dated to the Paleo-Indian Stage
tea. 12,000 - 8,000 B.R) (Ricklis, 1994; Meltzer, 1986).

From 1895 to the early 1960s, the Texas City Dike was constructed
using material dredged from the bay floor in deepening the Texas
City channel. When the clays used to build the first three miles of
the dike started eroding, the remains of thousands of Pleistocene
animals started washing out. The fossil material came from
mammoths, mastodons, bison, camels, horses, giant armadillos,
saber-toothed cats, wolves, sloth and more (Johnstone, 1975;
Wolf, 1991; Few, 1991). Some of these fossilized bones showed
butcher marks or had been worked while green into tools and
decorative items. Other documented sites where Paleo-Indian
stone artifacts have been discovered near Galveston Bay are: the
McFaddin Beach Site, Addicks Reservoir, Smith Point, and the
Bolivar Peninsula. Except for the flint points and a few bone
artifacts little is known about these first residents (Hester, 1980;
Patterson et al., 1999; Ricklis, 1994).

The next archeological evidence of human residents comes from
the shell middens, which were laid down during the Archaic
Period and the Ceramic Period. The Archaic is a long period
characterized by the absence of ceramic technology within the
hunter- gatherer culture and is thought to end with the introduction
of ceramics and/or the bow and arrow. In the Galveston Bay area,
the dates are thought to be ca. 8,000 - 2,000 B.P The Ceramic
Period begins ca. 2,000 and lasts until shortly before the European
Americans began to settle around Galveston Bay in 1810.

The shell middens were mounds or high ridges of Rangia clams
and oyster shells deposited near the shore of the bay or on
tributaries which emptied into the bay. For thousands of years the
hunter-gatherer tribes camped on the shores of Galveston Bay at
these midden sites. They came to eat these mollusks, a staple food
that was always accessible. Each year the middens grew, fed by the
empty shells and other refuse left near the camps. Some of these
middens became religiously significant to the tribes and were
used as cemeteries (Aten, 1983).

The Human Role: Past



The Galveston Bay middens became a land feature that changed
the topography of the near shore areas, some with elevations of
over twenty feet above sea level. Many of the early European-
American settlers used the middens as home sites, but soon it was
the shell from the middens that became a major resource. Rocks
and gravel were absent from the coastal prairies. When railroads
were proposed to cross the wet prairies on the western shore of
Galveston Bay, a paving material had to be found for the base of
the tracks.

From the mid 1800s until the late 1890s, shell middens on the
western shore of Galveston Bay from the Archaic and Ceramic
Periods were mined. The shell was used as a paving material to
surface the elevated dam-like track bases built across the prairies
by the railroad companies. One of the largest of the Galveston Bay
middens located at the entrance to Clear Lake was mined
completely before 1900. This midden was reported to be nearly
thirty feet high in places and contained numerous burial sites
according to the written accounts of the daughter of the man who
sold the shell to the railroad (Benson, 1935).

Ranching
Cattle have been documented
in Texas since 1714 when
Louis de St. Denis came to
Tejas and "found cattle in
great abundance." By 1769
Spain had firmly established
its control over Louisiana,
and by 1775, Texas had
thousands of unbranded
wild cattle and horses
(Jackson, Date Unknown ;
Love, 1916). These herds of
wild Spanish cattle were the
ancestors of the tough,
resilient longhorns, which
would become a symbol for
the Texas west. Wild cattle
and horses would become
the next major resource to be managed around Galveston Bay.

Harvesting rice. Courtesy Wallisviile Heritage Park

The salt grass prairies with their nutritious grasses were the key
element in the open range cattle industry that lasted one hundred
years in the Galveston Bay region. The cattle industry was begun
on the eastern side of the bay by immigrants from Louisiana soon
after Louisiana statehood. The sons of Louisiana cattlemen were
the first to immigrate as early as 1818. They had a long history as
Louisiana salt grass ranchers and used Spanish methods to manage
their stock. They brought their families and slaves, and began
gathering the wild cattle. By 1831 one of these cattlemen, James
Taylor White who settled on Turtle Bayou, had established a herd

of over 3,000 head of branded free-ranging cattle (Anonymous,
1834, 1952). By 1840, his herd had increased to over 8,000 head
(Byford, 1983). James Taylor White is credited with bringing the
range management practice of burning to the coastal prairies of
Galveston Bay (Erramouspe 1996). These prairies were grazed first
by longhorn herds and later by improved mixed-breed cattle.

Farming
Saltgrass prairies were never productive for growing cotton, but
were the perfect lands for rice farming. Near the turn of the
century, all around the bay, canals were dug from fresh water
sources to flood the new rice fields. On the western side of the bay,
a group of Japanese investors came to farm rice. They brought
cultivation methods that would revolutionize Texas farming
practices. The Japanese methods of budding and grafting plants
were soon used to establish large citrus farms in many areas on
western side of the bay. Farming communities sprang up along
the railroads that ran from Galveston to Houston. Shipping docks
were built for the produce. The railroads brought excursion trains
full of mid-western farmers to see the wonderful, rock-free,
semi-tropical, ready-for-the-plow, prairies.

Provisioning
Shortly before the cattlemen
arrived, the natural harbor at
the eastern end of Galveston
Island had attracted
mercenaries and privateers.
They used the island as a base
for engaging in war on
Spanish trade ships in the
name of helping the Mexicans
gain independence. This
short-lived piratical shipping
industry lasted from about
1815 to 1821, but it created a
small, new supply industry.
The privateers had plenty of
silver, but lacked food sup-
plies and wood for cooking

and heating. This need brought a new type of settler to some of
the riparian areas around Galveston Bay, these hardy outdoorsmen
were called "leatherstockings". They hunted wildlife for food and
hides, grew a few vegetables, cut fire wood, and hauled these
necessities to Galveston to sell to the privateers (Epperson, 1995;
Holley, 1836,1990).

Lumber
By 1821, a steady stream of immigrants was arriving and settling
around the shores of Galveston Bay. The families were generally
subsistence farmers, but some were entrepreneurs who traveled
to Texas to invest in the lumber industry. Lumber would become
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the resource that made many of the first fortunes in Texas.

From the early 1800s until the early 1900s, lumber production
depended on water transportation. The forests along the riparian
corridors were logged first. These bottomland forests were not
only the easiest to access, but they also contained the most prized
wood of that era, cypress. The economy was dependent on
shipping by water. Ship builders needed rot resistant wood.
Cypress was considered the best wood for this use and the rivers
flowing into Galveston Bay had large stands of virgin cypress
timber. Trees were felled into or as close as possible to the river,
then rafted downstream to the sawmills that were established
near or on the bay. Then the
milled lumber was loaded
on boats or barges and
brought to the ships that
sailed to places as near as
New Orleans or as far away
as Europe (Henson and
Ladd, 1988; Johnston, 1991;
Smith, 1934).

Shipping
Galveston Bay has long
been used for transportation
and shipping. The dredging
projects that began in the
late 1800s made the towns
of Houston and Galveston
major shipping ports. In
1850 the U.S. Coast Survey
began a complete survey of the entire bay system
and produced the first accurate navigational charts. Lighthouses
were set to mark the channels through the most dangerous
obstructions; Clopper's Bar, Red Fish Bar, Shoal Point and Half-
moon Reef. The mouth of the Trinity River was dredged in 1852,
and the dredging of obstructions from lower Galveston Bay
through West Bay to Oyster Creek was started in 1855. After the
Civil War the dredging was continued to the mouth of the Brazos
River. These canal segments were later integrated into the Gulf
Intracoastal Waterway (Ward, 1993).

Clopper's Bar and Red Fish Bar were the natural barriers that had
hindered shipping from Galveston to Houston since the first
schooners tried to bring settlers to Galveston Bay. Red Fish Bar
was a chain of sand and shell reefs and islands, which ran from
Eagle Point to Smith Point, and provided a saltwater barrier for the
upper bay. The natural cut through Red Fish Bar was enlarged to
six feet deep by 100 feet wide in 1872. The U.S. Army Corps of
Engineers started dredging a 12-foot deep channel from
Galveston to Houston in 1877. From 1875 through 1897 the U.S.
Army built the south and north jetties. After the 1900 Storm had
virtually destroyed Galveston, the Corps began dredging an 80-
foot wide channel, 17.5 feet deep to Houston, with a dike
extending from Morgan's Point to Red Fish Bar. This channel cut

through Red Fish Bar closer to the western shore and a new
lighthouse was placed at the new cut. In 1910, Congress passed a
new federal Rivers and Harbors Act naming this project the
Houston Ship Channel. After almost 30 years of planning and
revision, the most recent enlargement of the Houston Ship
Channel began in 1999 (see Chapter 4).

The Texas City Terminal Company dredged a seven-mile 16-foot-
deep channel from the Galveston Harbor in 1895. In 1899, the
army engineers took over the channel and deepened it to 25 feet
in 1905. Today a fifty-foot channel has been permitted and a new
container port is in progress on the spoil island, named Shoal

Point (Henson, 1993; Ward,
1993) .

Fishing
The plentiful marine life in
Galveston Bay has been its
most used resource. Seafood
was first gathered, netted
and speared by the
indigenous tribes who lived
on the bay. Later the Spanish
would find the productive
fishing grounds of Red Fish
Bar. They named the barrier,
Barra de las Pescador
Encarnador, and were the
first to commercially harvest
the plentiful red fish and
thousands of terrapins

during the nesting season. Texas settlers established one of the
first commercial fishing enterprises in the late 1830s on Red Fish
Bar. It was located at Edward's (Eagle) Point, and supplied seafood
to the first hotels in Galveston and Houston, and shipped salted
fish and live terrapins to New Orleans and places on the Brazos
River (Hooten, 1847). Shrimp were easily caught in seines as they
left the bay through the inlets. In 1839-40, the Englishman, Francis
Sheridan kept a journal of his visit to Galveston. He gave a detailed
description of the methods used to catch the shrimp and their
large size (Pratt, 1954). It would be nearly a hundred years before
demands for shrimp from Japan and China created a market that
led to the shrimping industry in Galveston Bay.

Shell Dredging
Red Fish Bar, the land bridge between Eagle Point and Smith
Point, was so prominent that herds of cattle were driven across it
until the 1880s. It is gone from Galveston Bay having been
completely dredged away for use as shell gravel to build roads and
as a source of calcium carbonate to the chemical industries
around the bay. As World War II approached, reef shell from the
bay was a basic raw material for industries around Galveston Bay.
About 4.5 million cubic yards per year went into chemical
manufacturing and construction. Tests on some of the shell used
by industry during this time dated it from 125,000 to 250,000 years



before present. After the war even more shell was needed to
satisfy the needs of industry and urban development, but it would
be 1969 before mudshell dredging was banned in Galveston Bay
(Ward, 1993).

Oystering
Galveston Bay oysters have been a food source since the first
humans gathered them in shallow, near-shore waters. The oyster
industry was limited to local trade until after the 1870s when cold
shipping and processing industries were developed. In 1885, the
oyster industry was reported to employ approximately five
hundred men and have fifty boats working the bay. Galveston
reportedly shipped about 25,000 oysters daily, most of them to
markets within the state. The city of Galveston alone was said to
consume 25,000 to 30,000 oysters daily in season (Anonymous,
1885).

Clay and SoU
The heavy clay found along the banks of many bayous and creeks
feeding the bay was first used by Native Americans to manufacture
pottery. After the first settlers arrived, clay was used for making
bricks. In the years from early settlement until after the Civil War,
brick making was done locally by slave labor. During the early
years of Texas settlement, bricks were used mainly for chimneys
and cisterns. By the 1880s, brick manufacture became a major
industry around the bay. Some of the major factories located near
the bay removed tons of clay from the tributaries. They were located
on Cedar Bayou (Henson, 1986), Factory Bayou, (Gallaway, 1999)
and Clear Creek (Warco, 1982).

Topsoil was a resource first dug from the pimple (mima) mounds
by the families who settled on the prairies. They called the
mounds sand knolls. The rich sandy loam soil was dug from the
mounds, piled into a wagon, and hauled to their kitchen gardens.
Later this became a prairie industry for many hard-working
entrepreneurs, who made their livings selling the topsoil to
settlers around the bay. As technology advanced, digging and
hauling became less strenuous and the practice expanded. These

mounds were completely removed from many acres of the prairie
lands on the western side of the bay. Galveston was raised after the
1900 Storm with salty sand dredged from the Gulf. This soil was
hauled to Galveston in large quantities so the city could be
replanted (Deats, 2000). Today the bank sand from ancient river
tributaries is mined from the prairies to build the highways and
subdivisions of urban sprawl.

Oil
Oil production came to Galveston Bay soon after the turn of the
century and by 1915 there were at least 25 wooden rigs at Tabbs
Bay. World War I had produced a greater demand for petroleum.
Goose Creek became an oilfield boomtown during this period.
The closest refineries were at Beaumont and Port Arthur (Henson,
1993). After 1930, new oil refineries were built on the upper reaches
of the Houston Ship Channel, and on the southwestern shore of
the bay at Texas City.

Water
The early immigrants settled along the rivers, bayous and creeks
to provide themselves and their stock with a constant supply of
good water. By the late 1800s, the railroads had brought population
growth and shipping stations for agricultural crops to areas of the
prairies away from flowing water. Surface water use shifted to
ground water. The abundance of water was one of the major
factors in the placement of industry on the shores of Galveston
Bay. Water wells were drilled all around the perimeter of the bay
and produced water that flowed constantly from artesian
aquifers. By the 1900s, the metropolitan and industrial needs for
water put constant high demands on the ground water aquifers.
But the withdrawal of ground water, along with oil and gas,
became one of the major causes of subsidence (see Chapters 4
and 5).

Water resources have come full circle and today most water users
around Galveston Bay use surface water supplied by rivers
dammed to create water reservoirs. The use of surface water has
slowed subsidence dramatically, but has created a new problem,
decreased freshwater inflow to the bay.

Summary
Subsidence, erosion, dredging, pollution, and development of the
bayshore have caused irreversible changes to the resources of the
Galveston Bay estuary. Galveston Bay has lost more than 30,000
acres of wetlands and seagrass meadows since 1950. Many of the
renewable resources of the watershed, e.g. shell, timber, prairie,
fish and wildlife, are not as abundant as they once were. Today,
agencies and environmental organizations try to ameliorate the
damage to the living resources that has occurred during the past
by restoring and preserving emergent marsh, submerged
seagrass, bottomland forest and prairie habitat (GBF, 1998).



The segment of the planet Earth called the coastal zone is especially important in the
context of diversity and human interactions. This is by far the most populated and
urbanized portion of our planet, as well as the richest and among the most perturbed. It is
a bit surprising that it is also not the most familiar in concept and dimension, in view of the
fact that so many people live within it or near it.
-G. CARLTON RAY, SUSTAINABLE USE OF THE GLOBAL OCEAN, 1989

Human activities in and around Galveston Bay have shaped the
watershed for many thousands of years. The categories of
resource use are wide-ranging. From man's creation of the first
shell middens to the present dredging of the Houston-Galveston
Ship Channels, human inhabitants have had an impact on the bay
and its surrounding landscape. Our influence on the physical and
ecological components of the bay system has become more
pronounced as our populations grow. As the population
surrounding Galveston Bay increases, additional stresses are
placed upon the bay's resources. These stresses impact the health
of the bay, and the quality of life of the bay's human inhabitants.
The health of Galveston Bay is a general indicator of the health of the
environment. Most people realize that the bay is an important
regional ecosystem, and they have a keen interest in protecting
and maintaining the productivity of the bay for future generations.

Attributes of the Regional Economy

Economic Activity
Almost 20 years after surviving the highs and lows of the oil industry
boom and bust of the 1980's, the economy of the Houston-
Galveston metropolitan area has diversified. While the petroleum
industry still plays a large role in maintaining the region's
economic health, a growing number of firms in the high technology,
biotechnology and aerospace industries can now be found in the
region as well. A variety of companies find the Galveston Bay area
to be a suitable place for the location of their business. The
Houston-Galveston metropolitan area's central U.S. location and
proximity to Mexico make it a convenient location. The region
also possesses an established infrastructure, relatively low cost of
living and reasonable property costs.

According to the Texas Comptroller of Public Accounts (2000),
main sectors of the Houston-Galveston metropolitan economy
include the mining (oil and gas extraction), services (business
services and healthcare), manufacturing (petrochemical and high
tech), construction, trade and transportation, public utilities, real
estate, tourism and agriculture industries. Many of these industries
depend upon and impact bay resources in some way. Uses of bay
resources include water utilized in manufacturing and cooling
processes, extraction of groundwater and minerals, urban and
agricultural land use, commercial fishing, shipping and recreation.

Current Population and Growth
The Galveston Bay system is adjacent to one of the most
urbanized and industrialized areas in Texas and in the nation.
With a 1990 population of more than 3.7 million people residing
in the seven counties surrounding Galveston Bay (Brazoria,
Chambers, Fort Bend, Galveston, Harris, Liberty and Montgomery
Counties), the Houston metropolitan area ranks fourth largest
nationally behind New York, Los Angeles and Chicago, respectively.
Harris County remains the most populous in the state with an
estimated population of 3,229,026 people in 1999 (Texas State
Data Center, 1999). Population growth in the region is expected
to continue, with 4.3 million persons projected to live in the
seven-county area surrounding Galveston Bay in the year 1999
(Texas State Data Center, 1999).

Channels and Dredging Projects

The Houston-Galveston Ship Channels
After almost 30 years of planning and debate, the Houston-
Galveston Navigation Channel Project, an effort to expand the
existing shipping channels has been congressionally authorized
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and dredging has begun. This project will enlarge the Houston
Ship Channel from its previous dimensions of 400 feet wide by 40
feet deep to a width of 530 feet and a depth of 45 feet. The
Galveston Channel will be deepened from 40 to 45 feet.

For years debate centered on environmental concerns connected
to the Houston-Galveston Navigation Channel Project. In 1989, an
Interagency Coordination Team (ICT) was created to bring about
consensus regarding the project. In 1990, the ICT created a
subcommittee known as the Beneficial Uses Group (BUG). The
group was created to evaluate the possible beneficial uses of
dredge material and to incorporate those uses into a dredge
material placement plan.

The ICT and BUG transformed the contentious issues surrounding
environmental concerns into an acceptable solution. While some
debates remain, the outcome of the ICT and the BUG have
received broad support. Dredge material excavated from the
Houston Ship Channel will be beneficially used for the restoration
and creation of intertidal marshes, bird nesting habitat, oyster
reefs and boater access channels.

The Texas City Channel
The Texas City Channel is currently 40 feet deep and 400 feet wide.
A plan to deepen the channel to 45 feet has been introduced by
the city of Texas City in conjunction with its plans to build a new
container terminal at Shoal Point. A notice of intent to prepare a
Draft Environmental Impact Statement (DEIS) for the container
terminal was issued by the US Army Corps of Engineers in August
2000. The proposed Shoal Point Container Terminal would
include 400 acres of container yard, six berths, a landside access
corridor and a deepened Texas City Channel (USEPA, 2000).

Petroleum Discovery & Petrochemical Industries

Petroleum Production
Platforms for producing oil, condensate, and natural gas and the
pipelines for their transport are present in Galveston Bay in
Chambers County (Trinity Bay and Upper Galveston Bay) and
Galveston County (Lower Galveston Bay, East Bay, and West Bay).
Oil and gas wells on land also are found in the five counties
surrounding Galveston Bay (Brazoria, Chambers, Galveston,
Harris and Liberty counties).

According to the Texas Railroad Commission (2000a; 2000b), the
greatest number of regularly producing oil wells in the Galveston
Bay area can be found in Liberty, Harris and Brazoria counties.
Brazoria, Harris and Chambers counties lead the bay area in the
number of regularly producing gas wells. There are a total of 5,354
oil wells and 1,571 gas wells in the five counties around Galveston
Bay (Texas Railroad Commission, 2000a; 2000b).

This activity has the potential to affect Galveston Bay through
subsidence resulting from removal of subsurface fluids and the
unintentional discharge of petroleum, which is toxic to estuarine

organisms. In the past, produced brine water had the potential
to impact water quality in the bay. In 1998 the U.S. EPA passed
regulations prohibiting the discharge of produced water into bays.

Petrochemical Industries
Ditton et al. (1989) noted that petroleum exploration and refining
is frequently thought to be Houston's largest and most valuable
industry. However, the chemical and allied products industry
ranks first in the Houston area in terms of value added by
manufacturing, making up about a third of the total value added
manufacturing in the region. Nearly one-half of the total chemical
production in the United States takes place in the Galveston Bay
area with a majority of the plants located in Harris County.
Most of the industrial development around Galveston Bay is
concentrated in two areas, one along the upper Houston Ship
Channel and the other in the Texas City vicinity along the
southwestern shore of the bay.

Water Resources

Surface Water Supply and Use
The location and timing of fresh water inflows affect salinity,
circulation and the supply of sediments and nutrients to the bay.
At the same time, the growth of population and industry in an area
is controlled to a large extent by the availability of suitable fresh
water supplies. In 1997, the State of Texas passed legislation creating
16 water-planning regions throughout the state. The planning
region responsible for the Houston-Galveston area, Region H,
encompasses the 15 counties in Soumeast Texas and includes the
San Jacinto and part of the Trinity River basins which feed into
Galveston Bay (Taylor et al., 2000). Current water supplies
available to Region H are estimated to be approximately 3.7
million acre-feet per year. This amount is expected to decline over
the coming decades due to the decreasing availability of ground-
water (Taylor et al., 2000). Approximately two thirds (or 2.6 million
acre-feet per year) of the Region H water supply is surface water.
Surface water uses can be divided into several categories including:
municipal water uses, manufacturing uses, irrigation, electric
power production, mining and livestock uses. Much of the surface
water appropriated for human use is returned to the bay system.
Return flows from groundwater usage, and diversions from other
basins such as the Brazos, are also discharged to the bay's waters.
Increases in water usage have implications for freshwater inflow
to the bay.

Groundwater Supply, Withdrawal and Subsidence
Of the 3.7 million acre-feet per year of current water supplies
available to Region H, approximately one third (or 1.1 million
acre-feet per year) is comprised of groundwater (Taylor et al.,
2000). The majority of the groundwater available to Region H is
supplied by the Gulf Coast Aquifer system (Taylor et al., 2000).
This system is comprised of four aquifers that include
the Catahoula, Jasper, Evangeline, and Chicot. The available
groundwater supply is expected to decrease in the coming
decades as regulations limiting groundwater withdrawal, due to



subsidence, take effect. Uses of groundwater are categorized as
municipal water uses, manufacturing uses, irrigation, electric
power production, mining and livestock uses.

Since its creation by the Texas Legislature in 1975, the Harris-
Galveston Coastal Subsidence District (HGCSD) has been working
to reduce groundwater withdrawal and subsidence in Harris and
Galveston counties. Groundwater withdrawal management
practices formulated by the HGCSD have almost eliminated
excessive pumping in the near-bay areas. Because of these efforts,
the rate of subsidence has slowed in and around Galveston Bay
over the past fifteen years.

However, excessive groundwater withdrawal is still occurring in
northern and western Harris County. This is significantly increasing
local subsidence and is adversely affecting subsidence rates in the
coastal portions of Harris county (HGCSD, 1998). In 1999, the
North Harris County Regional Water Authority (NHCRWA) was
created to assist water utilities and independent well owners with
the conversion from groundwater to surface water or other
alternative water sources. Water utilities and well owners that fail
to have a Groundwater Reduction Plan approved by the Harris-
Galveston Coastal Subsidence District by 2003 may be assessed
a disincentive fee of at least S3 per one thousand gallons of
groundwater pumped (NHCRWA, 2000).

Land Area and Use

Urban Development
The lower watershed of Galveston Bay includes 4,238 square miles
of land downstream of Lake Livingston and Lake Houston (see
Chapter 5). Urban development is most pronounced along the
western edge of the bay. Land use categories include developed
upland (industrial and municipal), cultivated upland and
undeveloped land (uplands, wetlands and transitional lands)
(Pulich and Hinson, 1996).

A strong relationship exists between land uses and pollution from
rainfall runoff. Conversion of undeveloped land to impervious
surfaces such as roads and parking lots increases the amount of
surface runoff flowing into the bayous and bay. This increased
amount of surface runoff carries with it pollutants such as oil and
grease, herbicides and fertilizers. Although non-point source
loadings resulting from runoff due to rainfall have only received a
significant amount of attention over the last five to ten years, their
presence and effect on the quality of bay waters have been noted
for a much longer time period.

Land use also impacts the quantity and quality of habitat. The
historical filling of wetlands and the conversion of bottomland
forests and prairies to residential, commercial and industrial
development reduce the quantity and quality of remaining habitat.
Continuous stretches of native vegetation become divided into
separate, isolated fragments leaving the wildlife that inhabits
them more vulnerable to human activity.

Agriculture
While the western side of Galveston Bay is heavily urbanized, the
eastern and southern edges of the bay are of a more rural nature.
Agricultural land use is most pronounced in Chambers and
Liberty counties with livestock grazing and rice production being
the primary activities. Urban development along the western
shore of the bay is interspersed with some grazing and agricultural
operations.

Again, a strong relationship exists between land use and pollution
from surface runoff. Impacts on the bay include degraded water
quality through the introduction of fecal coliform bacteria from
livestock and the introduction of nutrients and pesticides from
rice and row crops.

Transportation & Shipping

Shipping by Water
The bay is an important transportation artery. Many of the area's
petrochemical and other industries rely on the Houston Ship
Channel, Gulf Intracoastal Waterway, and other navigation
channels for transportation.

While the region has other forms of transportation, shipping is
still a major attraction to commercial and industrial interests.
Shipping by the major ports (Houston, Galveston, and Texas City)
in the region grew dramatically since 1955, while the tonnage
associated with several smaller ports (Double Bayou, Anahuac
Channel, Cedar Bayou, Trinity River Channel) declined to almost
nothing (Allison et al., 1991).



The Port of Houston is the largest port in the Galveston Bay area.
It is the eighth largest port in the world, ranks first in the U.S. in
foreign waterborne commerce and second in total tonnage (Port
of Houston Authority, 1998). There are growing concerns and
policy discussions regarding the potential introduction of exotic
organisms via ballast water discharge in the Houston Ship
Channel. Also, government agencies have increased their regulatory
oversight of commercial shipping activity to reduce oil and
chemical spills.

The Port of Houston Authority has proposed a container and
cruise terminal to be located at the Bayport Channel in southeast
Harris County. In November 1999 voters approved bonds to
finance $387 million of the total $1.2 billion that will be needed to
complete the project. Residents living near the proposed terminal
site and environmentalists oppose the project because of potential
concerns regarding increased traffic, degraded air and water quality,
property devaluation and habitat loss. Supporters of the proposed
project believe that the new terminal will bring jobs, economic
benefits, road improvements and environmental enhancements
to the region. The Port of Houston, the U.S. Army Corps of
Engineers and a third-party contractor are in the process of
preparing an Environmental Impact Statement for the project.

Fisheries

Commercial Fishing Industry
Galveston Bay historically has been the leading fisheries resource
base in Texas. Approximately one third of the state's commercial
fishing income comes from the bay.

Finflsh
The annual finfish catch is a relatively small part of the total
Galveston Bay harvest. Between 1994 and 1998, the annual
commercial bay harvest of finfish averaged approximately
211,400 pounds. For the same period, the annual, ex-vessel value
of finfish caught in Galveston Bay averaged $151,500 (TPWD,
2000a). Currently four species account for the majority of the total
finfish harvest: southern flounder, black drum, mullet, and
sheepshead.

Shrimp
White and brown shrimp are the dominant shellfish species in the
Galveston Bay commercial catch. Shrimp account for nearly half
the total Galveston Bay seafood harvest. Between 1994 and 1998,
the annual commercial bay harvest of shrimp averaged near
seven million pounds. The annual, average, ex-vessel value of
shrimp caught in Galveston Bay between 1994 and 1998
approached ten million dollars (TPWD, 2000a).

Oysters

Galveston Bay oysters are an important commercial species. Most
of the oyster reefs in the estuary are located in the central portion
of East Bay and in mid-Galveston Bay where fresher waters of the
major tributaries mix with saline waters of the gulf. Oysters are

harvested from both public reefs and private oyster leases in the
bay. Between 1994 and 1998, the annual commercial harvest of
oysters from Galveston Bay averaged close to four million pounds.
For the same period, the annual, ex-vessel value of oysters caught
in Galveston Bay averaged more than eight million dollars
(TPWD, 2000a).

There are health issues associated with the commercial harvesting
of oysters. The Texas Department of Health has a program to
restrict the harvesting of oysters to protect the public from health
risks associated with pathogens in the bay resulting primarily
from human wastes. These public health issues are discussed in
more detail in Chapter Nine.

Sport Fishing
In addition to the important commercial finfish fishery in the bay,
there is also a significant sport fishery. Over half of the state's
expenditures for recreational fishing are related to Galveston Bay.
According to the Texas Parks and Wildlife Department (TPWD
2000b), more than 262,000 recreational fishing licenses (includes,
resident, non-resident and combination fishing/hunting licenses)
were sold in the five counties surrounding Galveston Bay
(Brazoria, Chambers, Galveston, Harris and Liberty) in fiscal year
1998/1999.

Other Recreational Uses

The bay is used for numerous recreational activities including
duck hunting, saltwater fishing, swimming, nature viewing,
pleasure boating, camping, picnicking, and sightseeing. Many of
the more popular activities participated in by residents of the Gulf



Coast region as identified in the Texas Outdoor Recreation Plan,
can be associated with the use of Galveston Bay.

Boating
Recreational boating is popular along the Texas Gulf Coast in
general and around Galveston Bay in particular. Practically every
type of watercraft, from kayaks to million-dollar pleasure cruisers,
can be found along the bay and its tributaries. The Clear Lake-
Galveston Bay area has been referred to by many as the "boating
capital of Texas". With more than 98,000 pleasure boats registered
in the five counties surrounding the bay, this may indeed be true
(TPWD, 2000c). Boater impacts on the bay include disposal of raw
or poorly treated sewage and damage to seagrass beds.

Nature Viewing
Tourism that is based on nature rather than man-made attractions
is the tourist industry's most rapidly expanding sector (Eubanks,
1993). Birding has become a popular outdoor activity along the
Texas Coast. The City of Rockport, for example, now enjoys over
$4.5 million in economic benefits annually from ecotourists who
come to enjoy the whooping cranes at Aransas National Wildlife
Refuge. Chambers County, visited by tourists primarily for natural
attractions such as bird-watching at High Island or wildlife viewing
at the Anahuac National Wildlife Refuge, has experienced
significant growth in the tourist industry between 1975 and 1988,
with total expenditures increasing from $600,000 to over $9
million (Allison et al., 1991). The 500 mile Great Texas Birding Trail
links birding sites along the coast, and has become a resource to
steer tourists and residents to wildlife viewing areas around the
bay.

An assortment of Galveston Bay wildlife and habitats can be
viewed at locations around the bay. Visitors are welcome at the
Texas Parks and Wildlife Department's Sea Center Texas marine
hatchery and visitor center in Lake Jackson. Endangered sea tur-
tles can be seen at the National Marine Fisheries Service's Sea
Turtle Facility located on Galveston Island. Remnants of coastal
prairies and wetlands can be viewed at the Armand Bayou Nature
Center in Houston and the Eddie V. Gray Education and
Recreation Center in Baytown. These facilities serve a valuable
role in educating children and adults on the importance of
preservation, restoration and stewardship.

Summary
Galveston Bay has been the focus of numerous uses by humans
throughout history. Bay resources have been utilized for urban
development, transportation, oil, gas and petrochemical production,
water supply, fisheries harvests, agriculture and recreational uses.
Galveston Bay shares many problems with other estuaries in the
eastern U.S. They all have experienced escalating demands on
their resources because of an expanding coastal human population
and associated development. This projected growth in population
and economic activity will result in increasing use of the bay
resources. Current resource management challenges are being
addressed and the trends in quality and quantity of resources
show the benefits of past management efforts. However, some

resources still exhibit increasing degradation as noted in the
following chapters. Increases in future resource demand must be
addressed via planning, funding, monitoring and research to
avoid user conflicts and additional resource degradation.





CHAPTER FIVE

At sundown we reached Redfish Bar, composed almost entirely of shells which extend
from bank to bank the distance of several miles and appear to be formed by the
confluence of the tide and waters of the San Jacinto and Trinity, which unite a short
distance above. The water upon the bar does not generally exceed three or four feet in
depth but at some seasons of the year is often found at six. This point is undoubtedly the
head of navigation for vessels of heavy burden and has occurred to some as a more
suitable site for a city than Galveston.
-ANONYMOUS "CITIZEN OF OHIO," TEXAS IN 1837, EDITED BY ANDREW FOREST Mum, 1986

Physical form and processes determine the basic character of any
estuary. Water circulation patterns, influenced by the wind and
tides, determine the mixing of fresh and seawater, which affects
the location and abundance of bay dwelling organisms. Oyster
reefs form in areas of good circulation thereby creating natural
barriers to circulation. The rivers that feed the bay influence salinity,
water clarity, and a suite of chemical conditions that affect living
things. Human activities - even those activities that take place
miles from the bay - have the potential to greatly alter these
natural processes.

Physical Form
Galveston Bay has a characteristic outline that has changed only
slightly since the first surveys were done in the 1850s. There are
two upper bays, Trinity Bay on the East, receiving inflow from the
Trinity River, and Galveston Bay on the West, receiving inflow from
the San Jacinto River (and Buffalo Bayou). Two lower bays, East
and West Bays, extend in opposite directions like wings.

Since the first surveys, some islands have been lost to erosion and
others enlarged with dredged material. The Texas City Dike has
been constructed. Two bays were enclosed to create Lake
Anahuac and Moses Lake. The Gulf Intracoastal Waterway was
dredged and protected with levees of dredge material. Canals
have been constructed into bayside communities and bulkheads
installed along bay shoreline to protect property from erosion.
Some of these are visible in the astronaut photographs from 1969
and 1989 (Figure 5.la and 5.1b). While the closure of Lakes
Anahuac and Moses are massive in human perspective, they have
reduced the surface area of the bay by only 8%. The effect of relative
sea level rise, which includes the eustatic rise in sea level along
with the subsidence effect, has been to balance this reduction



with an 8% increase in surface area, leaving the bay at
approximately 384,000 acres (Ward, 1993).

What cannot be observed from space is the change in water
volume that has occurred over the last 150 years. In cases where
sea level is constant or falling, estuaries tend to fill with sediment
over time. However, when sea level is rising relative to the land,
estuaries tend to enlarge due to the deepening floor and permanent
inundation of land adjacent to the estuary. In this case, water level
is rising faster than sediment is being deposited, thus increasing
the volume of the bay. Dredging has also made a significant
contribution to increased volume of the bay from about 1.5 to 2.2
million acre-feet. These processes are discussed below.

Bay Volume
A relative sea level rise has occurred in the Galveston Bay area due
to: 1) world-wide increases in sea level; 2) natural subsidence of
Gulf Coast sediments; and 3) land surface subsidence caused by
groundwater and petroleum withdrawals. Global sea level rise has
been attributed to global warming which has been accelerating
since 1850, the end of the Little Ice Age. This process will continue
to increase the volume of Galveston Bay. Natural subsidence
occurs on a regional scale along coastal areas located on the trailing
edge of a continental plate. These regions accumulate huge
troughs of sediment that compact over time. In the Galveston Bay
region, these sediments exceed 10 miles in depth. The uppermost
layers of sediment in the Galveston Bay region were deposited by
an ancient delta formed by the Brazos and other rivers over eons.
Natural subsidence occurs mainly as clays at depth de-water and
compact. Withdrawal of petroleum and water from subsurface
formations has increased the natural rate of sediment
compaction and accelerated the relative rise of sea level. White
and Calnan (1990) estimate that the local mean sea level rise for
the Trinity River delta was about 2.4 feet per 100 years. Local tidal
records document a relative sea level rise of 1.5 feet between 1904
and 1980 at Galveston Island (Morton, 1974).

Human induced subsidence has been a serious problem for the
western side of Galveston Bay. Areas around the upper Houston
Ship Channel have subsided more than 10 feet in the last 100 years
(Figure 2.2). Industrial water use at Texas City has produced
subsidence of more than five feet. Loss of land elevations from
subsidence has created a bowl-shaped area 80 miles in diameter
(Gabrysch and Bonnet, 1975; Ratzlaff, 1982). As a result, many
local features have now been inundated, such as the Brownwood
subdivision near Baytown, the riparian forest along many bayous
and the fringing wetlands (Figure 5.2).

Subsidence caused by excessive groundwater withdrawal has
temporarily increased elevation loss and produced many
secondary effects, including loss of fringing wetlands (Ward,
1993). Groundwater withdrawal management practices formulated
by the Harris-Galveston Coastal Subsidence District have greatly
reduced pumping in the near-bay areas (see Chapter 4).

Because of subsidence, the volume of Galveston Bay has
increased over 800,000 acre-feet, due to the gradual lowering of
the bottom of the bay (Ward, 1993). This is over three times the
entire volume of all federal, public, and private dredge and fill
operations, including all dredging related to the Houston Ship
Channel.

Dredging and Disposal of Dredged Material
The navigation channel projects in the bay nave engeuuereu
substantial dredging of bay sediments to reach depths adequate
to support ship and boat traffic. An analysis of dredging data by
Ward (1993) indicates that a total of about 160,000 acre-feet of
sediments have been removed from the bay for new navigation
channels and about 400,000 acre-feet were removed in maintenance
dredging between 1900 and 1990.

The current widening and deepening of the Houston Ship
Channel constitutes the most substantial, recent dredging activity
in the bay. This project, begun in 1999, will remove an additional
252 million cubic yards (approximately 156,000 acre-feet) of bay
sediment over the 50-year project life (Beneficial Uses Group, 1995).
The average annual siltation rate for all bay channels is about 0.6
ft. per year. Contributions of total suspended solids into Galveston
Bay from rivers and streams comprise only 1-2% of the annual
volume from maintenance dredging, indicating that the majority of
dredged sediment originates as resuspension of sediments from
the bay bottom (Ward, 1993).

Dredged material is disposed of in specific disposal locations.
Currently there are about 25,000 acres of designated disposal area,
of which 19,500 acres are open-water sites (about 5% of the total
bay area). Many of these disposal areas have now become shoals
or islands, such as Atkinson Island.

Many dredge-and-fill operations are conducted by private interests
and public agencies, and are regulated through Clean Water Act
Section 10/404 permits from the U.S. Army Corps of Engineers.
On the average, almost 100 permits per year have been issued for



the Galveston Bay system since 1950 (Ward, 1993). The total volume
of these dredging operations was estimated to be about 40,000
acre-feet and involved nearly 3,000 acres of bay waters.
Approximately 461 acres of tidal marsh have been replaced by
privately dredged channels and over 2,800 acres of marsh were
replaced by private inland fill activities since World War II (Ward,
1993).

Oyster Shell
Oyster reefs are a primary geologic feature of Galveston Bay.
Oysters are present on over 26,700 acres of bay bottom (Powell et
al., 1994). These reefs are an important habitat, and significantly
affect bay circulation and water turbidity. In turn, the reefs are
affected by bay circulation and turbidity. Changes to the estuary,
whether natural or manmade, that affect currents and the
availability of hard substrates to which oysters can attach also
impact oyster distribution, e.g. the effect of Texas City Dike on
West Bay oysters (see Chapter 8).

Mining of oyster shell began in 1905 when large quantities of shell
were removed from the Galveston Bay system for industrial and
construction purposes. New industrial processes after World War
II greatly increased the value of the shell as a feedstock for chemical
processes and the volume of shell removed increased from about
2,500 acre-feet per year in 1945 to over 5,000 acre-feet per year in
the mid 1960s. This increase in dredging raised environmental
concerns that resulted in more stringent regulation of the industry;
by 1969 shell dredging had been banned from the bay. Ward (1993)
estimates that approximately 135,000 acre-feet of shell had been
removed between 1910 and 1969, a volume on the same order of
magnitude as the cumulative new work excavation from navigation
channels. Shell dredging activity removed thousands of years of
biological contribution to the bay sediment. It also opened
completely the Redfish Bar which had restricted water circulation
between the upper and lower bay.

Shoreline Change

Shoreline Erosion and Accretion
Galveston Bay's natural shoreline consists of marshes, steep clay
bluffs ranging from five to 35 feet in height, and sand and shell
beaches (Paine and Morton, 1991). Most of the marsh shoreline is
located on East and West Bays, while the bluffs are located on
Trinity and Galveston Bays, e.g. "red bluff" and "bay cliff".

Retreat of these shorelines due to erosion is a natural and almost
universal process affecting the Galveston Bay system (Paine and
Morton, 1986; Paine and Morton, 1991; Morton, 1974). One natural
cause is the rise in sea level that has been occurring as a result of
glacial melting following the last glacial period. A rising sea level
coupled with land subsidence produces permanent marine
inundation of shorelines in regions of low gradient such as the gulf
coast. Another natural factor is the energy from waves. As wave

energy increases the size of sediment moved and the rate of
removal increases. Clay and silt size particles can be put in motion
at even low energy levels. Thus more erosion occurs on shorelines
with small particle sediments. Man-made wave energy is generated
by the wakes of ships and boats plying the bay for commercial or
recreational purposes. In many places, this added wave energy is
not dissipated by vegetation because the protecting marshes have
drowned due to relative sea level rise.

About 78% of the bay's shoreline has been affected by erosion
during the period 1850 to 1982 (Paine and Morton, 1991). Some of
the most notable changes arising from erosion are the loss of
Redfish Island off Eagle Point, the loss of most of the Vingt-et-
Unes Islands off Smith Point, and the loss of the bottomland forest
along the upper Houston Ship Channel (see Figure 5.la and 5.1b).

The only area of natural accretion (the opposite of erosion) was
observed in the Trinity River delta, which advanced between 14
and 43 feet/year for the period since the 1850s (Paine and Morton,
1991). Some islands and shoreline areas have grown as a result of
dredged material disposal. The number and size of dredge
disposal areas has increased, e.g. Pelican Island, Atkinson Island
and the disposal islands in the lower San Jacinto/Houston Ship
Channel. Other areas in which accretion will occur are those
successful marsh restoration projects along the bay margins, e.g.
Galveston Island State Park and Pierce Marsh.

Shoreline Protection
The shape of some shorelines in the bay is determined by the
construction of docks, bulkheads or revetments that have been
placed to provide access to the bay or prevent erosion. Most
shoreline modifications involve a direct conversion of shoreline
and near shore habitat from a gradually sloping, vegetated, natural
state to an abrupt vertical water barrier.

Bulkheading has occurred in industrial and residential areas, but
is not currently a preferred method of shoreline protection.
Rip-rap walls are also present along some bay margins. Both of
these methods produce higher energy environments that result in
increased resuspension and transport of sediment away from the
shoreline. Ward (1993) estimated that 42 miles of the bay shoreline
had been bulkheaded and 28 miles had been converted to docks
or revetments.

Physical Processes

Freshwater Inflow Patterns
Among the most important factors governing the health of an
estuary is the volume, timing, and quality of fresh water inflows
(Solis and Longley 1993). This inflow defines the estuarine salinity
regime. Alteration of the natural volume and timing of fresh water
inflow is a key concern for the management of Galveston Bay
resources.



The Trinity River basin is responsible for the majority of the average
total inflow into Galveston Bay while the San Jacinto basin
(including areas below Lake Houston) and runoff from local
watersheds contributes the remainder. The inflow from all three
sources is quite variable over time. Figure 5.3 shows the annual
amounts of inflow from the Trinity and San Jacinto Rivers from
1977 to 1998. The daily flow of the Trinity River can range from 100
to over 100,000 cubic feet per second.

Both the Trinity and San Jacinto rivers flow through large
reservoirs, located close to the bay. The operation of reservoirs
results in alteration of fresh water inflow patterns. When river flow
and reservoir levels are low the reservoirs retain water for their
water supply function and reduce river discharge to the bay. When
rivers are flooding, reservoirs release the water more slowly than
the natural flow rate to reduce flooding of downstream property.
Additionally, dam construction appears to have reduced the
discharge of sediment and nutrients entering the bay via rivers.

Another source of variability in flow volume is the year-to-year
variability in rainfall. The effects of the severe droughts in 1978
and 1988 are clearly visible on the graph of major river inflow data
(Figure 5.3). Precipitation and inflow also vary with season and
year as shown by plotting monthly data on Trinity River inflow
from 1978 and 1998 in Figure 5.4. In a wet year, the summer inflow
is quite low and the volume rises to peak in the winter and spring.
In a drought year, the flow remains low in all months.

Solis and Longley (1993) concluded that there has been no
statistically significant alteration in total annual fresh water
inflows to Galveston Bay in recent years compared to the historical
record. No surface inflow trends, either decreasing or increasing,
were observed for river inflow to Galveston Bay for the period 1977
to 1998 (Criner and Johnican, In Prep).

Recent legislation has created regional watershed planning
groups in Texas. The lower Galveston Bay watershed is located in
Region H, which has released a proposal that calls for construction

of three small reservoirs and increased interbasin transfers. The
upper Trinity watershed regional plan also recommends
expansion of interbasin transfers. As the Dallas-Fort Worth
metroplex acquires more water from sources outside the
watershed and returns it by municipal and industrial treatment,
upper Trinity River flow may increase. Whether interbasin transfer
will result in more water entering the bay will depend on
management decisions of water users.

Salinity Regimes
The average annual fresh water inflow to the bay of approximately
10 million acre-feet is equivalent to 4.6 total "flushes" of the bay
during an average year. During the spring, the bay is flushed
approximately twice, while an average summer low-flow period
may flush less than 75% of the bay's volume. During extreme flood
periods, the volume of fresh water inflow in one month can
approach the entire volume of the bay. As would be expected,
fresh water inflow is one of the most important factors controlling
circulation and salinity in Galveston Bay. However, periods of low
surface inflow, as seen in 1988 and 1996, do not exhibit abnormally
high peaks in the recorded data on salinity (See Chapter 6).

In Galveston Bay, salinity averages around 17 ppt (parts per
thousand), or about half the salinity of seawater. However, the
salinity range in Galveston Bay is approximately 6 to 28 ppt and is
highly variable both in time and space due to the effects of fresh
water inflow, winds and tides. The dominant time scale over
which salinity varies in the bay is seasonal. Other events such as
freshets, northers, and the salinity of the Gulf of Mexico influence
bay salinity on different time scales (Orlando et al., 1991).
Circulation and salinity patterns are also influenced by density
currents (caused by heavier salt water displacing lighter fresh
water), the Houston Ship Channel, two large power generating
stations on the bay, and the Texas City Dike.

Surface Runoff
Precipitation that falls on the watershed and does not evaporate
or infiltrate the soil becomes surface runoff. Runoff is important
in influencing many conditions in the bay. Runoff varies
significantly across the lower watershed and is usually



determined by land use and land cover. Impervious cover
produces greater runoff, i.e., areas with concrete, asphalt, roofs or
other materials that prevent water from infiltrating into the soil. In
the Brays Bayou watershed, for example, a runoff rate of about 1.6
cubic feet per second (cfs) per square mile was observed,
compared to about 0.7 cfs per square mile for the rural and forested
lower Trinity River watershed (based on 1992 land uses during an
average year (Newell et al., 1992).

The rainfall is almost evenly distributed throughout the year, with
slightly higher rainfall in the late summer months. The average
annual rainfall for the lower Galveston Bay watershed over the
1970s and 1980s was 51.8 inches (Newell et al., 1992). During the
spring, summer and fall, rainfall occurs as heavy thunderstorms.
Tropical storms and hurricanes may produce extremely high
precipitation amounts. Winter precipitation which results from
the passage of storm fronts is often gentler in nature.

Newell et al, (1992] used a geographic information system and
land use/cover data from satellite imagery to produce a hydrologic
model of the lower watershed. Their study, which simulated the
conversion of rainfall to runoff for 100 sub-watersheds draining to
the bay, found that under average rainfall conditions about three
million acre-feet of runoff would be generated annually from the
lower watershed. This corresponds to 13 inches of runoff and
about one-quarter to one-third of the total average fresh water
inflow to Galveston Bay. As expected, the urbanized area generated
more runoff than other land use area of equal size in the watershed.

Circulation

The circulation of water in Galveston Bay is influenced by many
factors, including depth patterns, winds, tides, salt water
intrusion, and fresh water inflow. In turn, circulation is a major
force affecting the distribution of sediments, oyster reefs,
wetlands and other habitat elements. When compared to other
estuaries, e.g. Chesapeake Bay, Galveston Bay is affected much
more by winds and less by tides.

Major impacts on circulation have resulted from efforts to
facilitate commercial shipping through the bay. Dredging to keep
these navigational channels open in such a shallow estuary is a
necessity. Keeping the Houston Ship Channel dredged through
Bolivar Roads has greatly increased the flow of gulf water into the
bay. Construction of the Texas City Dike, which protects the Texas
City Channel, has had a profound influence on the circulation in
the lower bay by essentially preventing upper bay waters from
entering West Bay. The transfer of water from the Trinity River to
Buffalo Bayou through the water systems of the homes and
businesses has changed circulation patterns by altering the
location of freshwater inflow.

The Houston Ship Channel has perhaps caused the most pervasive
changes to circulation. Unfortunately, there are no direct
measurements of bay circulation prior to 1900 when large-scale
channel expansion began. However, our understanding of hydrology

in such coastal systems suggests that the channel has modified
circulation in three ways: 1) providing a larger cross section for
flow up and down the main axis of the bay; 2) breaching Redfish
Bar, which limited water exchange between upper and lower
Galveston Bay; and 3) creating barriers to flow in the form of
dredge-disposal areas such as Atkinson Island. Dredged material
islands have operated to increase the salinity of the western part
of the bay (Espey, Huston and Associates, 1978). Distribution of
oyster reefs has been altered in response to the circulation
changes in the bay (see Chapter 7).

Preliminary modeling of the current widening and deepening of
the Houston Ship Channel indicates that an enlarged channel will
increase salinity in the bay and make the salinity "tongues" in the
ship channel longer and sharper (Martin, 1993). The current plan
includes construction of dredge material marshes in three
locations: Bolivar Peninsula marsh, Atkinson Island marsh and a
mid-bay marsh/island east of Clear Lake (The Beneficial Uses
Group, 1995). The mid-bay structure and several boater cuts will
modify circulation in upper Galveston Bay. A possible outcome is
further intrusion of higher salinity water into Trinity Bay and less
flow of low salinity water to the west side of upper Galveston Bay.

Sediment Transport
The volume of the bay, in the absence of sinking land or a rising
sea, depends on the relationship between the input and output of
sediments. The margins of the bay are shaped by the loss or
accretion of sediments. Sediments are delivered to the bay from
several sources, including rivers, bayous, erosion of bay margins
and gulf sediments transported through the passes. Galveston Bay
also receives sediment transported to the southwest by longshore
currents from the Mississippi River. Some sediments arise from
fragmentation of the shells of oysters and other shellfish.

The distribution of bay bottom sediments results from the
interaction of the various sediment grain sizes and physical
processes, including currents and wave energy. Areas with high
wave and current energy tend to accumulate mainly coarse-
grained sediments (sand, gravel, and shell). Near shore high energy
environments often result in a beach or bar composed of shell
hash or sand. High-energy areas include the Trinity River delta
front (along the eastern shore of Trinity Bay) and lower Galveston
Bay near Bolivar Roads and San Luis Pass. Low-energy areas with
relatively quiet waters are marked by deposits of fine-grained
materials such as silts, and clays. The images in Figure 5.la and
5.1b illustrate the conditions associated with sediment transport
by flood and wind driven resuspension.

Sedimentation
Erosion and sedimentation patterns in Galveston Bay are affected
by a variety of natural processes and manmade alterations.

Sediment deposition has been affected by the loss of fringing
marshes that function to dissipate wave energy and trap
sediment. The use of bulkheads to protect the shoreline against



erosion increases wave energy and contributes to the movement
of sediment away from shorelines. Boat traffic creates wakes that
add to water energy for resuspending and moving sediments.
Increasing use of the bay by boat traffic increases the resuspension
of sediment and changes the distribution of sediment in the
system. Trawling and oyster dredging are also effective at
resuspending sediments. Deep channels across the bay bottom
capture sediment that would be transported to more shallow bay
bottoms. The Texas City Dike traps sediment moving toward West
Bay or Bolivar Roads. The spatial distribution of quantities and
particle sizes of sediments has been modified by human actions,
but there are no detailed studies of sediment transport that
explain the results of these modifications.

Summary
Galveston Bay is a relatively shallow, wind-dominated system of
relatively recent geologic origin. Its 33,000 square mile watershed
has three main drainages: the Trinity River watershed, the San
Jacinto River watershed, and the coastal basin. The Trinity River
provides the majority of fresh water inflow to the bay. There have
been no increasing or decreasing trends in total fresh water inflow
since 1941. Reservoir construction and elevated urban base flows
have dampened the historically high temporal variation of inflow.

The volume of the bay has been significantly increased by
subsidence and dredging. Subsidence has been greatly slowed by
management of groundwater extraction. Some removal of dredge
material continues in polluted areas, but the largest project to
date, the Houston Ship Channel expansion, will return clean
sediment to the bay for construction of marshes.

The shape of the bay has been altered by shoreline erosion,
accretion and modification. Erosion rates remain high while
shoreline accretion is primarily the result of dredge material
disposal. Marsh construction and restoration projects are
planned that will alter the dimensions of the bay in the future.

The bay's circulation has been modified by construction of
navigation channels, dredge disposal islands, the Texas City Dike,
and levees isolating secondary bays. The Houston Ship Channel is
the dominant feature and is the main factor bringing salt water
further up into the bay. This has probably resulted in considerable
change in the salinity regime of the bay. Circulation changes have
contributed to changes in oyster reef distribution.



CHAPTER SIX

"The wondrous nature of water, that it is at once the 'universal solvent' and the global

transport system for molecules and masses of debris alike, also makes it particularly

vulnerable to debilitating, sometimes lethal, contamination."
- SYLVIA A. EARLE IN SEA CHANGE: A MESSAGE OF THE OCEANS, 1995

Prior to the mid-1970s, the land-locked portion of the Houston
Ship Channel above Morgan's Point was listed by the EPA as one
of the ten most polluted bodies of water in the United States.
Dissolved oxygen, which is necessary for marine life, rarely
measured above zero in some areas (EPA, 1980). The Texas Water
Quality Board (now the Texas Natural Resource Conservation
Commission) initiated several corrective measures to improve the
water quality of the Houston Ship Channel and Galveston Bay
during the 1968-1972 time period, the era of the nation's first
Water Quality Act.

Stringent discharge goals were established in 1971 for industrial
and municipal point sources along Buffalo Bayou and the
Houston Ship Channel. All industries discharging to the Houston
Ship Channel were required to upgrade their wastewater treatment
facilities. Municipal waste treatment facilities discharging to the
tributaries of Galveston Bay were upgraded and expanded.
Eventually, the Environmental Protection Agency recognized that
several Texas waterways were getting cleaner and singled out the
Houston Ship Channel as "the most notable improvement, a truly
remarkable feat" (U.S. Environmental Protection Agency, 1980).

Galveston Bay has historically maintained good water quality,
while most water quality problems have been concentrated in the
western urban tributaries to the bay. The good water quality can
be attributed to the fact that the bay is shallow, well mixed, well
aerated and undergoes a total water exchange more than four
times a year due to fresh water inflow and tidal action.

This chapter deals with the present status and historical trends of
water and sediment quality in the bay. Point and non-point
source contributions are discussed as well as localized specific
problem areas.

Water Quality
Parameters reported here are chosen from 73 water quality and 50
sediment quality parameters. For most water quality parameters,
the data record extends back at least 25 years, and for a few
conventional parameters, back to the 1950s. The current report is
based on the data compiled by the TNRCC and analyzed by Criner
and lohnican (In Prep). Positive and negative trends of parameters
indicative of the health of the bay are highlighted in this report.

This analysis characterizes the large-scale temporal and spatial
patterns of water and sediment quality in Galveston Bay. Spatial
variation throughout the Galveston Bay system was addressed by
aggregating the data into sub-regions of the bay, using segmentation
developed by Ward and Armstrong (1992a) (see Figure 6. 1).
Statistical trends of the parameters were analyzed using linear or
multinomial regression by segment or baywide.



Water Quality Status and Trends

Temperature
Temperature of water in an estuary is important to many of the
bay's chemical, physical, and biological processes. One important
effect of temperature is to change the rate of chemical and
biological reactions. For example, the solubility of oxygen in water
increases as temperature decreases. Another important effect is
related to the maximum and minimum temperatures
tolerated by different species of aquatic organisms.

Shallow depths and mixing by wind produce water temperatures
that are homogeneous with little vertical stratification. The principal
source of variation in temperature is seasonal change. Average
summer temperatures (collected for July and August of each year)
ranged from approximately 29°C to greater than 31°C in a few
locations. Summer temperatures have exhibited a gradual rise
over the 30 years of record. Average temperatures for the bay during
winter (December through February) ranged from approximately
10°C to greater than 16°C in a few locations. Winter temperatures
show a complex pattern of decline through the 70s and early 80s,
followed by a rise from the late 80s to the present. The increase in
water temperatures over time in bay waters is consistent with
increases in mean temperatures nationally, which have risen
sharply since the 70s (Karl et al., 1995).

pH

pH is a measure of the state of equilibrium between water (H2O)
and its ions (H+) and (OH-) and is determined by various
dissolved compounds in water, including salts and gasses. pH
reflects the reactivity of water with various pollutants and therefore
the toxicity of those pollutants. Because of the bicarbonate buffering
system, seawater has a higher pH than freshwater. Generally, pH
exhibits low variability in coastal environments due to the high
buffering capacity of seawater. The average pH holds steady at
approximately 7.7. Thus, the baywide record of average monthly
pH shows no historical trend.

Salinity
Salinity, one of the essential properties of estuarine waters, is
determined by the intermixing of fresh and oceanic waters. It is an
excellent indicator of circulation and flushing in an estuary.
Salinity also affects the suitability of habitats because the
osmoregulatory capability of a species determines whether it can
survive in a particular salinity regime.

Salinity gradients from the upper to lower bay are a normal
feature. Salinity measured near the principal points of inflow such
as the Trinity River may be as low as 3ppt while values as high as
30 parts per thousand (ppt) may occur at the Gulf inlet. Vertical
salinity stratification of bay waters is slight, generally averaging
less than 0.6 ppt/m. The Houston Ship Channel exhibits an
increase in salinity with depth since it tends to serve as a conduit
for Gulf water to intrude into the upper bay system.

Salinity variation was examined over the last 20 years for the upper
1.5 meters of the water column. A baywide decline in salinity was
observed in the monthly averages from 1980 to the mid 90s. From
1997 through 1999, drought conditions appear to have reversed
the trend and resulted in rising salinities. A stronger trend exists
for winter (December to February) monthly average salinity,
which show a linear decrease from about 15 ppt to about 5 ppt
over the period from 1980 to 1998 (Figure 6.2). An additional
discussion on the relationship between circulation and salinity is
provided in Chapter 5.

Figure 6.2. Average monthlu winter salinity in upper O.Jm or
Galveston Bau for all reporting Stations. Source: Crinerand Johnican, In

Prep

Dissolved Oxygen
Dissolved oxygen (DO) is the traditional and ubiquitous
indicator of aquatic health. It determines the ability of aerobic
organisms to survive. In most cases, higher dissolved oxygen is
better. The relationship between temperature and DO is inverse,
meaning that as temperature rises, DO levels fall. Other important
factors controlling DO include salinity, wind and water
turbulence, atmospheric pressure, the presence of oxygen-
demanding compounds and organisms, and photosynthesis. Of
these, DO is introduced into the water column principally through
simple mechanical agitation by wind reaeration and photosynthesis.

A low level of DO was a symptom of high levels of pollution in the
Houston Ship Channel prior to discharge permits. DO
measurements over the last 27 years in the Ship Channel and
other segments around the bay that had exhibited impaired water
quality and depressed DO levels indicate a gradual increase in DO
levels. Figure 6.3 shows the plot of average monthly DO for all
segments over the entire sampling period in the TNRCC database.
The positive trend clearly shows improvement in this water
quality parameter.

Nutrients
Nutrients are chemical elements or compounds essential for
plant and animal growth. Nutrient parameters include total
phosphorus, ammonia-nitrogen, nitrate-nitrogen and organic
nitrogen. High amounts of nutrients have been associated with



Figure 6.3. Average monthly dissolved oxtjgen in Galveston Bay all
stations reporting with samples between ^am and lOam at O.Jm
depth. Source: Cnner and Johnican, In Prep

over-fertilization, or eutrophication, of a water body while low
levels of nutrients can reduce plant growth and limit the biomass
of animals that consume phytoplankton. In Galveston Bay, nitrogen
is generally considered to be the "limiting nutrient," i.e., adding
more nitrogen would result in more plant growth.

Total Phosphorus

Phosphorus is an important nutrient because it is required for
synthesis of genetic material. Total phosphorus concentrations
recorded from Galveston Bay ranged from less than 0.1 mg/L to
greater than 3.5 mg/L. The linear trend in total phosphorus data
was one of decline. A polynomial trendline exhibits a sharp
increase in the early 70s followed by a 15 year period of high, but
variable concentrations followed by a sharp drop in the 90s.

Nitrogen-Ammonia

Ammonia is a nitrogen compound that typically results from the
breakdown of organic material. Its concentrations in the
Galveston Bay database ranged from less than 0.1 mg/L to greater
than 6 mg/L. Some segments of the bay show an uncertain time
trend for this parameter. The baywide trend is very similar to
total phosphorous and shows a temporal decline in ammonia
concentrations. The pattern is one of increasing concentrations in
the early 70s, followed by a high and fluctuating period that ends
around 1983. The concentration then drops significantly and
remains low to the present (see Figure 6.4).

Nitrate-Nitrogen (N03)

Nitrate is a form of nitrogen that can be readily used by plants in
the production of protein. It is commonly the greatest nutrient
component of commercial fertilizers. Nitrate is an important
nutrient for phytoplankton production. Monitoring data for
nitrate-nitrogen in water samples ends in 1994 in the TNRCC
database. This makes assessment of status and comparison of
trends with other nutrients very difficult. Monthly average nitrate
concentrations ranged from 0.01 mg/L to greater than 2.8 mg/L
with the average value falling in the middle range for U.S. estuaries.
Individual measurements ranged as high as 9.92 mg/L. The
general trend was an increase throughout most of the bay with the
exception of West Bay. No data are available for East Bay. Segments

Figure 6.4. Average monthly total ammonia-nitrogen in Galveston
BaLj for all reporting stations. Source: Cnner and Johnican, In Prep

in the Houston Ship Channel recorded increasing nitrate
concentration. This increase may be occurring due to the move by
most point sources to nitrify the ammonia they previously
discharged, thus discharging this oxidized form of nitrogen as
nitrate. Water quality management has succeeded in reducing the
nutrients, ammonia and total phosphorous, but not nitrate. The
baywide monthly average values for nitrate and trendlines are
shown in Figure 6.5. This increase in nitrate concentration in
waters tributary and peripheral to the bay is inconsistent with a
recorded decline in chlorophyll-a concentrations discussed below.

Figure 6.5. Average monthly total nitrate-nitrogen in Galveston Bay
for all reporting stations. Source: Cnner and Johnican, In Prep

Chlorophyll-a
Chlorophyll-a reflects the concentration of the principal pigment
in green plants responsible for photosynthesis. As such, this
parameter is a surrogate indicator of phytoplankton standing
crop, the amount of single-celled algae that is present in the water.
The graph in Figure 6.6 indicates a 28-year declining trend in the
monthly average concentrations of chlorophyll-a. Thus, despite
increasing concentrations of nitrate, a major nutrient for plant
growth, chlorophyll-a measurements in Galveston Bay are not
rising. This trend in phytoplankton may be a result of less primary
production or faster cropping of phytoplankton by herbivores.
See Chapter 8 for a discussion of trends in animal populations
relevant to the concentration of phytoplankton.



Figure 6.6. Average monthly cnloropnyll-a in Galveston Baij for ail
reporting stations. Source: Crinerand Johnican, in Prep

Fecal Coliform Bacteria
Fecal coliforms are used as the primary indicator for determining
whether water is contaminated by animal or human waste.
Presence of coliforms suggests that potentially dangerous
pathogens could also be present. A fecal coliform standard of less
than 2000 colonies/ 100 mL has been established for non-contact
recreation sports such as sailing. A standard of less than 200
colonies/100 mL (In 200 = 5.3) was established for contact
recreation such as swimming. Fecal coliform counts below 14
colonies/ 100 mL (In 14= 2.6) are within the water quality
standard for shellfish harvesting. Chapter 9 presents a detailed
discussion of fecal coliform bacteria as indicator organisms and
the public health implications raised by coliform bacteria related
to Galveston Bay.

Many of the sampling stations are in tributaries of the bay. High
coliform counts are associated with these slow flowing bayous in
summer months when high temperatures contribute to the
growth of the bacteria. The linear regression shows no trend over
the last 6 years, but the cubic regression suggests a recent decline
in fecal coliform contamination. Long-term average fecal
coliform concentrations were low in most locations but
exceedance of state criteria for contact and non-contact
recreation by individual measurements was common.

Sediment Quality

Sediments store many contaminants. Materials discharged
in water may adsorb on sediment particles. Frequently,
contaminants can be detected in analytical or toxicity testing of
sediments, when neither type of test detects these contaminants
or their effects in overlying water from the same location. Whether
adsorption or desorption of pollutants occurs is a function of
several factors including water pH, type of sediment and the type
and concentration of pollutant. Over time, an equilibrium is
established between the water and sediment concentrations of
various compounds. However, both natural and human
disturbances of the system can alter the equilibrium. Sediments
are also a biological habitat. Sediment concentrations of

contaminants can influence food web uptake of toxic pollutants.
Sediment analyses are limited by the shortage of data for most
parameters. Large areas of the bay bottom remain unsampled and
frequency of sediment sampling has decreased.

Sediment Quality Status and Trends
In Galveston Bay sediments, metals and commonly measured
organic compounds (such as total phosphorus, oil and grease and
Kjeldahl nitrogen) appear to follow the same general spatial
distribution as most of the water quality parameters. Elevated
concentrations occur in regions of runoff, inflow and waste
discharges, and lower, more-or-less uniform concentrations in
the open bay, with the upper Houston Ship Channel generally the
focus of maximal concentrations in the system (Ward and
Armstrong, 1992b).

Metals
The most permanent contamination of sediments is caused by
metals because they do not degrade into other substances.
However, they can be incorporated into tissue by deposit feeders
and they can be resuspended and transported elsewhere.

Data on sediment levels of metals are very limited for open bay
locations and most abundant for locations in the Houston Ship
Channel, Texas City Ship Channel, Clear Creek, Dickinson Bayou
and Chocolate Bayou. Cadmium, chromium, copper, lead,
mercury, and zinc are assayed. The time covered by the database
is from 1974 to 1998.

Two segments along the Houston Ship Channel have been chosen
to illustrate the trends of sediment metal contamination in the
bay. Segment H17 is in the upper Ship Channel and has considerably
more data than most segments. G18 is along the Ship Channel
where it passes Eagle Point in the open bay. This segment is sampled
on a much more regular basis than other open bay segments.

In the upper Houston Ship Channel, cadmium, chromium,
copper, lead and zinc exhibit downward trends over the recorded
period. Mercury shows an initial decline, but has been relatively
stable for the last ten years at between 0.3 and 0.4 mg/kg of
sediment. High values for cadmium in sediment are most
common in the Houston Ship Channel, but are declining. The
pattern illustrated in Figure 6.7 is typical of the declines exhibited
by all of the metal species in the Houston Ship Channel, except
mercury. Cadmium values range from 12 mg/kg to 0.22 mg/kg.
Chromium also has a downward trend with values between 219
mg/kg in 1975 and 17 mg/kg in 1998. Copper concentrations
ranged from below lOmg/kg to greater than 100 mg/kg across all
bay segments. The higher concentrations (greater than 30 mg/kg)
were associated with the upper Houston Ship Channel, Trinity
Bay, Clear Lake, and the Texas City Ship Channel. Copper
concentrations in the sediments of the upper Houston Ship
Channel rise and then fall (Figure 6.8). Concentrations observed
for lead in segment H17 range from nearly 290 mg/kg of sediment
to less than 30 mg/kg. Concentrations of lead exhibit a declining



trend since 1972 in all segments around the bay. Zinc concentrations
ranged from less than 50 mg/kg to, greater than 250 mg/kg, with
highest concentrations in the upper Houston Ship Channel and
Trinity Bay. Zinc had a downward trend in segment H17.

Chromium, copper, lead and zinc show similar patterns in segment
G18. The concentration of these metals rises during the first ten
years of the record and declines since the mid-1980s. Chromium
has recorded concentration ranging from 64 mg/kg in 1982 to 3.3
mg/kg in 1989, but the trendline is relatively stable around 16
mg/kg in 1998. The same basic pattern is shown for copper in
Figure 6.8. There is a high concentration of 20 mg/kg in 1982 and
a low of 3 mg/kg in 1989. The trend is upward for ten years
followed by a decline after the mid-80s. Lead shows the same
trend. The recorded maximum was 39 mg/kg in 1982 and the low
was 3.4 mg/kg in 1989. Zinc concentrations rose from 1974 to 1984
and then fell to a stable level around 55 mg/kg. The highest
recorded concentration was 73 mg/kg and the low was 7 mg/kg.

Mercury and cadmium are different from the other metals in the
open bay segment. Cadmium has no trend. The high value is 3
mg/kg in 1990 and the low is 0.07 mg/kg in 1987 and 1998.
Mercury shows a simple decline from 1974 to 1998. The high value
was 0.25 mg/kg recorded in 1975. In 1998 a measurement of 0.03
mg/kg was made. It was one of the two lowest on record.

Organics
Data collected by Carr (1993) from 24 sites around the bay yielded
additional information about the sediment quality in Galveston
Bay. The concentration of chlorinated hydrocarbons, for example,
was below the detection limit (0.01 |ig/g) for most of the
samples except a few stations with detectable concentrations of
PCBs. PAHs were elevated at a number of sites; specifically at three
sites adjacent to produced water separator platforms.

Sediment Toxicity
Analytical findings of the sort presented above provide good
information about the presence and concentrations of
contaminants in sediments, but shed little light on their effects in
the ecosystem. Important questions relate to the toxicity of
contaminants to organisms utilizing sediments, and the resulting
implications for biological community structure. Crocker (1991)
found that Houston Ship Channel bottom sediments were
relatively nontoxic to test amphipods and sheepshead minnows,
excepting three sampling stations.

Carr (1993) conducted a sediment quality triad study of Galveston
Bay. Sediments were analyzed for trace metals, polynuclear
aromatic hydrocarbons (PAHs), chlorinated hydrocarbons, total
organic carbon (TOG), and acid volatile sulfides. Two different
toxicity tests were employed and yielded contradictory results.
The American Society for Testing and Materials (ASTM) method
showed no toxicity at any station, while the pore water/sea urchin
test showed significant toxicity for 12 of the 24 sites. All five sites
associated with dredge disposal of sediments showed toxicity,
while only two of six sites associated with either urban or industrial
runoff showed toxicity. Sites sampled in the upper Houston Ship
Channel were all highly contaminated with toxics. Industrial,
petroleum, and dredging activities have impacted habitats in
specific locations in and around the bay.

Summary
In summary, the geographical problem areas of Galveston Bay are
in regions of intense human activity, including urban areas, points
of surface runoff, waste discharges, and shipping. The quality of
the bay is generally good, and where it is degraded there is a
general trend of improvement. In many cases, substantial
improvements are evident.

Water Quality Trends
Major patterns in water quality in the Galveston Bay system over
the last three decades can be summarized in the following points
(Ward and Armstrong 1992; Criner and lohnican, In Prep):

• Salinity has declined over the period of record.
• Summer temperatures have risen slightly. Winter

temperatures declined in the first half and have risen in
the second half of the period of record.

• Dissolved oxygen is generally higher throughout
Galveston Bay and in major tidal tributaries.



• Declines in ammonia-nitrogen and total phosphorus
concentrations baywide have occurred over the past
three decades.

• Nitrate-nitrogen exhibited an upward trend from 1969
until 1994.

• Chlorophyll-a has declined over the last 25 years to less
than 25% of its 1975 value.

• Fecal coliform bacteria levels have declined over some
portions of the bay.

• Data on concentrations of dissolved metals is
insufficient for a trend analysis.

• Data on synthetic organic pollutants and pesticides is
insufficient to assess the status and trends.

Sediment Trends
The highest metals concentrations were found in upper Houston
Ship Channel sediments. Clear Lake, Dickinson Bayou and Texas
City Ship Channel sediments also contained elevated concentrations
of some metals. Sediments in the vicinity of the Trinity River in
upper Trinity Bay contained relatively low concentrations of
metals, but sampling has been sparse. Very little information is
available for West and East Bays.

• Chromium and lead were generally elevated in
sediments throughout Galveston Bay, relative to data
compiled on natural aquatic systems in Moore and
Ramamoorthy (1984).

• Cadmium, mercury, copper, and zinc were generally
low in the open bay.

• Cadmium, chromium, copper, lead and zinc have
declined in the upper Ship Channel.

•Trends of chromium, copper, lead and zinc in the
midbay Ship Channel show a rise from the 70s to
midSOs followed by a decline to a moderate level.

• Mercury concentrations have declined in the midbay
Ship Channel, but have remained relatively unchanged
for the last 15 years in the upper Ship Channel.

Future Concerns
Atmospheric deposition and precipitation of such pollutants as
polychlorinated biphenyls (PCBs), mercury, and PAHs to
Galveston Bay requires further study, but are increasingly being
recognized as significant in other parts of the country. Inadequate
monitoring information to assess the status and trends of some
water and sediment quality parameters, especially metals and
toxics, is a cause for concern.



The Plants, predominantly grasses, that flourish in this environment (East Bay Wetlands)
serve two biological functions: productivity and protection. From the amount of reduced
carbon fixed by these plants during photosynthesis, this ecotone must be considered one of
the most productive areas in the world and truly the pantry of the oceans. The dense stand
of grass also represents a jungle of roots, stems, and leaves in which the organisms of the
marsh, the "peelers", larvae, fry, "bobs", and fingerlings seek refuge from predators.
-FRANK FISHER, JR., THE WETLANDS, RICE UNIVERSITY REVIEW, 1972

me Galveston Bay system is composed of a variety of habitat
types, ranging from open water areas to seagrass meadows,
wetlands and upland grasslands. These habitats support plant,
fish, and wildlife species and contribute to the tremendous
diversity and overall abundance of bay life. Several specific
habitat types have been identified and described in the Galveston
Bay system. The importance of these habitats, their internal
functions, and their interconnectedness were presented in
Chapter 2. The continued productivity and biological diversity of
the estuarine system is dependent upon the maintenance of varied
and abundant high-quality habitat.

Of the bay's habitats, three in particular are important to the
health of the bay and are emphasized in this chapter. Emergent
wetlands and seagrass meadows serve important biological,
hydrological, and ecological functions in the bay ecosystem.
Oyster reefs are important as indicators of the overall condition of the
ecosystem and are the basis for an important commercial fishery.

Emergent Wetlands

Wetlands are transitional areas between terrestrial and aquatic
systems where the water table is usually at or near the surface, or
the land is covered by shallow water (Cowardin et al., 1979).
Wetlands in Galveston Bay play several key ecological roles in
protecting and maintaining the health and productivity of the estuary.

The Importance of Wetland Communities
Wetlands were formed in Galveston Bay from the long-term
interaction of the ecosystem's physical processes. These processes
include rainfall and runoff, water table fluctuations, streamflow,
evapotranspiration, waves and longshore currents, lunar and

wind-driven tides, storms and hurricanes, deposition and
erosion, subsidence, faulting, and sea-level rise (White and Paine,
1992). These processes have formed an array of physical
environments that range from being infrequently to permanently
inundated with water. The resulting elevations of these
environments range from submerged bay bottom, through the
inter-tidal zone along the shore, to the higher wind-tidal zone and
infrequently-flooded storm-tidal zone. The continuing action of
physical processes and the proximity to salt and fresh water
sources determine the location and composition of the plant
communities that inhabit wetlands. Based on the work of Pulich
and Hinson (1996), vegetated and unvegetated wetlands in the
Galveston Bay coastal region were found to total 260,680 acres.

CHAPTER SEVEN



In addition to being formed by physical processes, wetlands have
in turn become important elements of many processes that keep
the bay ecosystem healthy. Hydrologically, fringing wetlands are
valuable filtering zones for polluted runoff, protecting the bay
from excessive organic and sediment loadings from the land.
Particularly in river bottomlands, they serve as good flood-control
areas that release runoff water slowly to the bay compared to the
rapid discharge from man-made drainage systems. Finally, well-
developed vegetated wetlands also provide a barrier between
open water and land, preventing or reducing shoreline erosion.

Wetlands are among the most productive biological systems on
the planet, and they may be more important to the Galveston Bay
system than is true for many other bays (Sheridan et al., 1989).
Among the most important of wetland functions is their role in
providing habitat for many species of plants, fish, birds, and other
wildlife. Many of Galveston Bay's principal fishery species rely on
wetlands during at least some part of their life cycle. These species
include brown shrimp, blue crab, red drum, spotted seatrout,
southern flounder and Gulf menhaden. In the same way, wetlands
are important nurseries to hundreds of non-commercial species
that comprise a large part of the food web. Several bird species,
such as snowy egrets, roseate spoonbills, tri-colored herons, black
skimmers and great egrets use the marsh as feeding habitat.

Several different wetland communities can be found in the
Galveston Bay system. These include salt marshes, brackish
marshes, freshwater marshes and forested swamps. In a 1996
report, Pulich and Hinson summarized wetland mapping and
monitoring efforts of the Texas Parks and Wildlife Department
Coastal Studies Program. The following discussions on the status
of wetland communities in Galveston Bay are based upon that
work.

Salt Marsh
Salt-marsh communities (Figure 7.1) are found in high-salinity
areas, along protected estuarine shorelines. Prevalent species in
the salt-marsh community include smooth cordgrass,
saltwort, saltgrass and glasswort. Smooth cordgrass, which lives in
the intertidal zone, dominates the low-salt-marsh community. At
higher elevations, marsh hay (or saltmeadow cordgrass) and Gulf
cordgrass occur, although they are more common in brackish
marshes (White and Paine, 1992). Pulich and Hinson (1996) found
that there are approximately 33,775 acres of salt marshes in the
Galveston Bay coastal region.

Brackish Marsh
This community inhabits the transitional zone between salt
marsh and fresh marsh and is affected by a widely varying range
of water levels and salinities. As would be expected, a number of
species utilize this habitat, ranging from near-fresh water to
saltmarsh species. In general, the brackish marsh is dominated by
marsh hay cordgrass and saltgrass. Other species include
needlegrass rush, common reed and big cordgrass (on levees),
seashore paspalum and longtom (in fresher areas) and isolated

clumps of saltmarsh bulrush and Olney bulrush (White and Paine,
1992). According to Pulich and Hinson (1996), approximately
64,158 acres of brackish and intermediate marsh exist in the
Galveston Bay coastal region.

Fresh Marsh
Fresh marshes are primarily found in areas that are affected by
saltwater flooding only during large tropical storms or
hurricanes. The fresh water in these marshes is sufficient to
maintain a low enough salinity for such species as marsh millet
(or giant cutgrass), coastal arrowhead and squarestem
spikesedge. In lower, wetter areas, water hyacinths can be found,
while panic grasses and spiny aster can be found in higher areas.
Shrubs become established around the margins of the marsh
(White and Paine, 1992). Permanent fresh or inland marshes cover
approximately 22,199 acres in the Galveston Bay coastal region
(Pulich and Hinson, 1996).

Swamps
Forested wetlands include woodlands or forested areas with
saturated soils or which are inundated by water much of the year
[Figure 7.2). In the Galveston Bay system, this community is located
almost exclusively in the Trinity River valley. The swamp
community primarily consists of bald cypress, with some button
bush, water elm, and water hickoiy (White and Paine, 1992).
According to Pulich and Hinson (1996), fresh swamp habitat
amounts to 9,731 acres while freshwater shrubland covers
approximately 5,778 acres.

Trends in Wetland Distribution
An aerial photo-interpretation analyses performed by White et al.,
(1993) indicated gains and losses in different classes of wetlands,
with an overall net decreasing trend since the 1950s. More than
33,000 acres of vegetated wetlands have been lost during this period,
amounting to about 19 percent. (The actual loss in all wetlands is
somewhat less, perhaps closer to 17 percent, because delineation
of wetlands in some areas on the 1950s vintage black-and-white
aerial photographs included peripheral upland areas, which
inflated the 1950s wetland acreage).

This rate of loss is substantially higher than the national rate of
loss of estuarine wetlands. One encouraging sign, however, is that
the rate of loss decreased over time from 1,000 acres per year
between 1953 and 1979, to about 720 acres per year between 1979
and 1989. The rate of loss between 1979 and 1989 is even lower
(less than 500 acres per year) if inaccuracies in wetland interpretation
of the 1979 photographs are taken into account (White et al., 1993).

The area of mapped marshes decreased from 165,500 acres in the
1950s to 130,400 acres in 1989, producing a bay-wide net loss of
35,100 acres, or 21 percent of the 1950s resource. As in the case of
vegetated wetlands, this amount of loss in emergent wetlands is
thought to be overestimated; the actual loss is probably less than
19 percent



Losses in emergent wetlands in some areas were partly offset by
gains in emergent wetlands in other areas. Bay-wide
subsidence/sea level rise was probably responsible for converting
part of approximately 21,000 acres of previously upland areas to
wetland areas. Regionally, these increases in marsh were most
pronounced inland from East Bay, on Galveston Island, and
inland from West Bay and Christmas Bay.

Causes of Wetlands Loss
Causes of the wetland losses include man-induced subsidence
and associated relative sea-level rise; direct conversion for
agricultural, urban, industry, and transportation purposes;
dredge-and-fill activities; and isolation projects.

Subsidence and sea level rise has resulted in the drowning of
numerous wetland areas throughout the bay system, and has also
resulted in creation of new wetiands by inundation of uplands.
Overall, losses exceed gains. About 26,400 acres of 1950s marsh
were converted to open water/barren flat habitats by 1989. Most
of this conversion was due to subsidence caused by pumping of
groundwater and relative sea level rise combined with consolidation
(shrinking) of clay layers in the underlying aquifers. Wetland areas
affected by subsidence include the north, west, and south
margins of Galveston Bay and the northeast part of West Bay.

Draining of wetlands has also caused a significant loss of wetlands
since 1950. Much of this loss has occurred in fresh water marshes
as opposed to the saltwater or brackish marshes. The gross lost
area is 35,600 acres, which accounts for much of the total loss in
estuarine and fresh water emergent wetlands. It should be noted that
part of this loss can be attributed to photo-interpretation problems.

Conversion of wetlands to urban upland areas totaled 5,700 -
acres, and were concentrated in the south and west side of the
bay, particularly around the Virginia Point area. Other areas where
urbanization of wetlands occurred were in the Galveston, Texas
City, League City, and Sea Isle areas.

The relative impact of dredging and filling on marshes is difficult
to quantify due to the lack of a good early-century baseline. Ward
(1993) estimated that a total of 7,070 acres of marshland had been
lost to dredging, filling, and disposal activities since 1900. Of this
loss, 2,920 acres was lost due to creation of designated disposal
areas, 860 acres to navigation channels, and 3,290 acres to private
dredge and fill operations under the Corps Section 10/404 Permit
program (note that the Section 10/404 permit data only extends
back to the 1940s). The total area of wetlands lost was up to five
percent of the total wetland area estimated to be present
representing up to 20 percent of the net losses.

Several large-scale modifications to the bay's shoreline have
resulted in large areas of open bay and marshland being isolated
from the bay itself. The most significant of these was the closure of
Turtle Bay (now called Lake Anahuac) in 1936. Ward (1993)
estimated that the closure of this area near the mouth of the
Trinity River eliminated about 6,000 acres of shallow bay bottom
and 10,000 acres of marshland from the estuarine system. There
has been an overall reduction of 16,000 acres of estuarine
marshland from the Galveston Bay system since 1900 due to
isolation and open-water habitat (Ward, 1993).

Seagrass Meadows

The Importance of Seagrass Communities
Seagrass meadows (Figure 7.3) are highly productive communities
that support a diversity of life. They provide food, shelter and
nursery habitat for many commercially and recreationally important
species of finfish, shellfish and migratory waterfowl. They also
serve as valuable habitat for threatened and endangered wildlife
including species of sea turtles.

In addition to its ecological importance, submerged aquatic
vegetation (SAV) plays an important role in the physical processes
of shorelines. It stabilizes coastal erosion, reduces wave energy and
traps sediments and nutrients.

Trends in Seagrass Distribution
The majority of Texas seagrass meadows occur along the middle
to lower Texas coast as seagrasses typically thrive in warm, clear
waters with higher salinities. Salinity, turbidity and rainfall/inflow
patterns seem to be the controlling factors for natural seagrass
growth in Galveston Bay (TPWD, 1999).

In the bay system, SAV historically flourished in three locations: 1)
around Trinity River Delta (widgeongrass and tape grass); 2) along
the western shoreline of Galveston Bay from Seabrook to
San Leon (widgeongrass); and 3) along the southern shoreline of



West Bay (long narrow beds of shoalgrass mixed with
widgeongrass) (Renfro, 1959; Pullen, I960).

Most of the seagrass beds once present in the Galveston Bay
system have been lost since the late 1970s (Pulich and White,
1991). A remnant population of approximately 280 acres of true
seagrass beds (excluding freshwater SAV) remain in the Galveston
Bay system, most within Christmas Bay (TPWD, 1999). Seagrass
species remaining in Christmas Bay include shoalgrass,
clovergrass and turtlegrass. Widgeongrass is more tolerant of
lower salinities and can still be found scattered around Galveston
Bay even in portions of Trinity Bay near the mouth of the Trinity
River (TPWD, 1999).

Causes of Seagrass Loss
The exact reasons for the decline in submerged aquatic
vegetation are not known. Pulich and White (1991) suggested that
the most plausible reasons included: 1) subsidence; 2) effects of
hurricane Carla on western Galveston Bay; and 3) human activities
including development, wastewater discharges, chemical spills,
and dredging activities in West Bay.

Czapla (1993) indicated that light attenuation (the reduction in
light penetration) was presumably the major limiting factor to
submerged growth in Galveston Bay, as in other estuaries. In addition,
submerged aquatic vegetation requires a low-energy
environment with limited erosion forces. Increased wave energy
and erosion forces experienced in locales where submerged
aquatic vegetation formerly existed may have reduced the
potential for reestablishment. Placement of geotubes for protection

of shorelines in Galveston State Park has apparently encouraged
the growth of seagrass meadows in that location.

Oyster Reefs

The Importance of Oyster Reef Communities
In addition to being a commercially important species, oysters
serve an important ecological role in the bay system as well. Reef
and unconsolidated shell sediments comprised a total of 26,700
acres in 1991 (Powell et al., 1994). The oyster reefs of Galveston Bay
can be divided into naturally occurring reefs that have existed
over historic time, and reefs that have been created because of
human influences.

Reefs created through human influences include those associated
with: 1) placement of dredge material; 2) oil and gas development;
3) oyster leases; and 4) modifications in current flow. The reef
types resulting from human activity account for a substantial fraction
of all of the present-day reefs in Galveston Bay. In many areas of
the bay, they account for 80 to 100 percent of the entire reef area.

Trends in Oyster Reef Distribution
Oyster reefs and shell-dominated bay bottoms were surveyed by
Powell et al. (1994). The surveyed area included the majority of
West Bay, East Bay, Trinity Bay, and Galveston Bay. Of the surveyed
area, about 53 percent was in Galveston, East and Trinity Bays. The
remaining 47 percent was in West Bay and the Pelican Island
embayment (the term embayment refers to sectors of Galveston
Bay proper separated by significant points, islands, or man-made
dikes and channels).

The area of oyster reef and oyster shell bottom identified by Powell
et al. (1994) was substantially greater than depicted on earlier
Texas Parks and Wildlife Department charts from the 1970s
prepared by Benefield and Hofstetter (1976). This may have been
due to differences in survey methods used to map the reefs.
Comparing all but the West Bay area, the 1994 survey identified
14,210 acres of oyster reef compared to the 7,424 acres of reef
measured by the 1976 study. Reef accretion was most noticeable
in three areas: 1) along open-bay reaches of the Houston Ship
Channel; 2) at the southern edge of Redfish Bar and the Bull Hill
extension of the Hanna Reef tract; and 3) in the Dickinson
Embayment. Reef loss, although minor overall, was concentrated
in three areas: 1) along the southern shore of Trinity Bay; 2) in the
Mattie B./Tom Tom Reef area at the northern end of the Hanna
Reef tract; and 3) in the inner portion of the Clear Lake
Embayment.

Causes of Reef Distribution Changes
Certain components of the Galveston Bay reef system have
persisted throughout recorded time; others have exhibited
substantial malleability, changing position and shape over time
spans of a half century or so in response to natural and man-made
changes in the bay system. Oysters respond to changes in
circulation and current, standing crop and productivity of their
phytoplanktonic food supply, salinity, and disease and predation.



As a result of circulatory changes in the estuary (discussed below)
some reefs are no longer optimally located for continued high
productivity. Conversely, some areas with few oysters could now
support productive reef if sufficient hard substrate was available.
Observations suggest that naturally, reefs build only slowly out
onto muddy bottom, due to the influence of several negative
processes (Powell et al, 1989). This slow process of shell
consolidation may make reefs susceptible to damage from
commercial dredging during the early stages of their development,
suggesting a conservative management approach for these areas.

According to Powell et al. (1994), most reefs are now detached
from the shoreline, a likely result of subsidence and shoreline
retreat. Additionally, the increase in water depth (particularly for
barrier reefs) has reduced the extent to which reefs are exposed
while at the same time drowning the natural along-shore berms
that can develop into reefs. Areas of high subsidence, such as the
Clear Lake embayment, have suffered reef attrition due to siltation.

Channelization, dike construction, and loss of Redfish Bar have
substantially altered bay circulation patterns. The pre-1900
circulation pattern in Galveston and Trinity Bays is unknown, but
the breaching of Redfish Bar by the Houston Ship Channel likely
produced major circulatory changes influencing oysters. Prior to
1900, Redfish Bar had three primary channels, only one of which
(West Pass) admitted significant water interchange between the
upper and lower bay systems. In all likelihood, a salinity gradient
existed such that the upper bay system was substantially fresher
than today. Other changes have probably also been important.
For example, the Texas City Dike has probably reduced circulation
in West Bay.

estuarine marshland and shallow water from the bay. The closure
of Turtle Bay (now called Lake Anahuac) in 1936 is the most
prominent example of isolation.

Only a remnant of true seagrass habitat remains in the submerged
aquatic vegetation meadows of Christmas Bay, a secondary bay of
west Galveston Bay. The exact reasons for the decline are still
unknown, although increased turbidity, subsidence, increased
erosion through wave energy, pollution, nutrient fluctuations, and
human impacts have been identified as potential causes.

Overall, Galveston Bay has grown substantial oyster reef in the last
20 years. The location and mechanisms of reef accretion suggest
that natural responses to changes in circulation and salinity by the
oyster populations are primarily responsible, rather than the
direct production of new reef by man. For example, the Houston
Ship Channel has increased the penetration of saline water into
the estuary, increasing the overall area of oyster reef by about
2,500 acres, to the great benefit of oyster populations and the
oyster fishery.

For oysters, the result has been a destruction of the original
equilibrium between reefs and the bay circulation (Powell et al.,
1994). On the positive side, the Houston Ship Channel has also
increased the penetration of more saline water up-estuary and
has increased current velocities, extending the area of oyster
productivity northward. Over 2,500 acres of reef have developed
along this channel, a substantial fraction of which occurs between
the shoulder of the channel itself and the crest of the parallel
disposal banks(Powell et al., 1994).

Summary

Wetlands, seagrass meadows and oyster reefs are three important
habitat types within the Galveston Bay ecosystem. Wetlands and
seagrass meadows have declined substantially over the past four
decades while oyster reefs appear to have increased.

Most of the loss of estuarine marsh has been caused by
subsidence and subsequent conversion to open bay and barren
flats. For fresh water marshes, human activities have been
responsible for most of the loss, particularly conversion to upland
range. Other major alterations have resulted from a series of
projects that have isolated a total of 16,000 acres of formerly





CHAPTER EIGHT

Early European colonists had an abundance of wildlife to serve subsistence needs.

Seemingly endless flocks of ducks, geese and swans... and a bounty offish and shellfish. This

abundance quickly established a viewpoint that the New World's wildlife resources were

inexhaustible.

- MILTON FRIEND IN LARGE ETAL., 1995

Galveston Bay is home to a myriad of organisms. Fish and wildlife
resources provide some of the bay's greatest values, economically,
recreationally and aesthetically. Individual species, ranging from
microbes to alligators, can also serve as useful indicators of the
overall condition of the ecosystem.

There is concern about conditions in the bay causing declines in
populations of important species. Historical accounts indicate
that several Galveston Bay fish and wildlife species, including
striped bass and the diamondback terrapin, have either
disappeared or declined dramatically in the last 150 years. Striped
bass declines are most likely due to habitat alteration in the form
of dams, bay closures and shell dredging. Long-term commercial
and recreational fishing harvest records show no dramatic examples
of collapsing fisheries, but large population fluctuations of
commercial species have occurred over time. The population size
of a given species is determined by many relevant factors; among
them are habitat (both quantity and quality), degree of
environmental contamination, and a host of natural forces such
as predation, competition, diseases and parasitism.

This chapter summarizes recent findings on the bay's living
resources. Major taxonomic categories in the food web are
considered in separate sections, beginning with the base of the
food chain and progressing to higher levels.

Phytoplankton

Phytoplankton are microscopic algae and bacteria that drift with
the motion of the currents and produce organic matter by photo-
synthesis. A shortage of phytoplankton depletes the food supply
of primary and higher consumers such as oysters, shrimp, fish,

and birds. Excessive production of phytoplankton, usually caused
by enhanced levels of nutrients, can exert high oxygen demand on
the water through nocturnal respiration and decomposition
following death (in the daytime, algae are net producers of
oxygen, as a by-product of photosynthesis). Oxygen depletion
accompanying eutrophication can suffocate other aquatic
organisms and generally degrade the environment.

Over 132 species of phytoplankton have been documented in
upper Galveston and Trinity Bays, with diatoms (54 taxa), green
algae (45 taxa) and blue-green algae (14 taxa) being dominant
(Texas Department of Water Resources, 1981).

Trends in Space and Time
Ward and Armstrong (1992) indicated some possible areas of high
chlorophyll-a abundance, such as in Clear Lake, Black Duck Bay,
and Trinity Bay near the Cedar Bayou Generating Station outfall.
As noted in Chapter 6, chlorophyll-a is a surrogate indicator for
phytoplankton, a primary producer. Work performed by the Texas
Department of Water Resources (1981) and Sheridan et al. (1989)
suggested that in low salinity regimes, blue-green and green algae
dominate, whereas higher salinity sites are dominated by diatoms.

There is some evidence of an increase in chlorophyll-a from the
late 1950s to the 1970s (Buskey and Schmidt in Green, 1992). Since
the 1970s, however, the existence of a routine monitoring
program for chlorophyll-a has allowed for trend analyses. A clear
decline emerges from analysis of this data (Ward and Armstrong,
1992; Criner and Johnican, In Prep).

Mean chlorophyll-a concentrations fell by more than 75 percent
throughout much of the bay from 1972 to 1998 (see Figure 6.6). In



1972, the average of monthly averages for all chlorophyll-a
concentration samples taken in the bay was 28.5|ig/L. This
calculation for 1998 yields an average concentration of 3.6 |ig/L.
Implication of the trend in chlorophyll-a monitoring measurements
is that phytoplankton biomass has reached levels lower than
typical of Galveston Bay in the 1950s. Mean chlorophyll-a
concentration from Zein-Eldin (1961) sampling in the late 1950s
was 16 |ig/L, which compares closely to an overall mean of 1 3
(ig/L and 17jj.g/L for stations in Trinity Bay measured by Mullins
(1979) and Strong (1977), respectively.

Possible Causes of Trends
There are three potential hypotheses to explain the observed
decline in chlorophyll-a concentration in Galveston Bay waters.
First, improvements in effluent discharges after 1970 have allowed
for a resurgence in zooplankton populations, which may have
subsequently reduced phytoplankton populations. Not enough
data are available to confirm such a temporal change in
zooplankton populations, but populations of planktivorous fishes
have an increasing trend.

Second, declining concentration of a limiting nutrient could be
causing a decline in primary production and phytoplankton
concentration (Ward and Armstrong 1992). A decline in nutrients
could be inferred from curtailed point source loadings from
permitted discharges, trapping of Trinity River nutrients by the
dam on Lake Livingston, and reduced fertilizer use in the upper
watershed due to changes in land use. Chapter 6 documents
declines in phosphorus and ammonia concentrations.

Finally, the decline in phytoplankton might be the result of an
increased population of filter-feeders, such as oysters, clams
or menhaden. In selected areas of San Francisco Bay, the
unintentional introduction of the Asian marine clam
(Potamocorbula amurensis) resulted in a phenomenal ten-fold
reduction in phytoplankton levels in two years (Monroe and Kelly,
1992). While this clam is not found in Galveston Bay, Powell et al.
(1994) identified substantially higher oyster reef area in 1992 than
was documented for the late 1960s and early 1970s. Whether the
oyster population expanded between the studies in the 1970s and
1990s or the methodology used in the recent study was more
sensitive and better able to detect the presence of oyster
shell is unknown.

Toxic Blooms and Red Tides
When present in large enough concentrations, some species of
phtyoplankton can harm the health of marine life and humans.
Some toxic algae cause shellfish-associated illnesses in humans
(see Chapter 9) while others have an effect on finfish populations.
Red tides are blooms, or high concentrations, of toxic
phytoplankton often resulting in fish kills and water discoloration.
These red tides are occasionally observed inside Galveston Bay,
but are typically uncommon. The usual bloom organism is a
species of algae (Gymnodinium breve) commonly found in
offshore waters, but in small concentrations. When conditions

favor its growth (high salinity, calm waters and warm
temperatures), the phytoplankton "bloom" to concentrations that
are large enough to affect the health of marine life and humans.

The phytoplankton produce a neurotoxin that can paralyze the
muscles and nerves offish causing them to suffocate. Wave action
can also send the neurotoxin airborne, allowing it to irritate the
eyes and upper respiratory tract of humans (see Chapter 9).

A major outbreak of red tide occurred off much of the Texas coast
in 1986. During the summer of 2000, a large occurrence of red tide
was observed along the Texas coast from Galveston to Corpus
Christi. Fish kills related to the bloom were even reported in lower
Galveston Bay.

Zooplankton

Zooplankton are microscopic drifting animals that feed on
phytoplankton or smaller zooplankton. Factors controlling
zooplankton abundance are not well understood in Texas estuaries.
Large increases in zooplankton populations are often observed
after extensive flushing of estuaries from high river runoff (Buskey,
1989). Data collected by the University of Texas Marine Science
Institute reveal that Galveston Bay may have lower zooplankton
abundance than many other Texas estuaries (Buskey and Schmidt
in Green et al., 1992), with a typical range for Trinity Bay of 1,200
to 16,000 zooplankters per m3 of water. The status and trends of
zooplankton in Galveston Bay are more difficult to determine
than for phytoplankton because of the lack of long-term studies
and use of variable sampling techniques by different researchers.

Benthic Organisms

Benthos refers to organisms that live in, on, or near the bottom,
including plants, invertebrates, and fish of all sizes. Sampling of
benthic invertebrates is performed by dredging or coring to
collect sediment samples and then using sieves to separate
organisms from the sediment. Because there is considerable
variation in sampling techniques, it is difficult to compare
absolute abundances reported in different studies. Benthic
organisms are an important component of the estuarine food
web, fed upon by fish and birds.

In shallow estuaries like Galveston Bay, sediment chemistry is
important in both natural processes and in determining the fate,
effects, and bioavailability of many pollutants. Sediments have an
affinity for toxic pollutants and other materials that tend to
accumulate on the bottom of the bay through sedimentation. The
concentration of contaminants in sediments is covered in
Chapter 6. Benthic organisms are good environmental indicators
because their relative immobility means they are continually
exposed to any pollutants bound to sediments.



Open Bay Benthos
White et al. (1985) reported that Galveston Bay exhibited low to
moderate benthic diversity, with the highest diversity in areas with
stable salinity regimes (e.g., near inlets such as Bolivar Roads and
Rollover Pass). Clear Lake, the San Jacinto River, and the Houston
Ship Channel had much lower species diversity than any of the
open bay stations. Open-bay benthos generally increase in
abundance from the Trinity Bay-Upper Bay region to the Lower
Galveston-West Bay region (Harper in Green et al., 1992). Ray et al.
(1993) concluded that observed patterns in benthic assemblages
were primarily attributable to the prevailing salinity regime, and
secondarily influenced by substrate type.

Marsh Benthos
Marsh areas are vital ecological components in nutrient cycling.
Spatially, the highest densities and greatest species richness occur
in the mid-salinity marshes near Moses Lake and Smith Point.
Temporally, marsh infauna display a seasonal periodicity, peaking
in abundance in the late winter and early spring (Zimmerman in
Green et al., 1992). The abundance of benthic predators is strongly
correlated with this seasonal pattern; shrimp, crab, and fish
predators are more abundant in warm weather.

Zimmerman et al. (1991) indicated that marshes drowning as a
result of subsidence have higher secondary productivity than
stable marshes, until they are succeeded by open-bay habitat.
This creates a temporary benefit for fish, invertebrates, birds,
reptiles, and mammals that use the marsh.

Oysters (See also Chapters 4 and 7)
Oysters are most successful in habitats that provide a firm

substrate for attachment, good water circulation, and suitable

salinity. Salinity is a critical factor influencing oyster production,

making the quantity and timing of suitable freshwater inflows

paramount to the health of the bay's oyster communities.

Additionally, competition, parasites, diseases, and predation from

other organisms stress oysters. The most important of these

biological stresses in Galveston Bay is infection by "Dermo"

(Perkinsus marinus) (Powell etal., 1994), a protozoan parasite that

thrives in warm waters of relatively high salinity. Mortality of

market oysters in Galveston Bay resulting from this parasite can

range from ten percent to 50 percent annually.

Old maps of the Texas coast show more extensive shoreline oyster

reefs than are seen today in Galveston Bay. Commercial shell

dredging that operated until the 1960s greatly diminished oyster

reefs (see Chapter 3). More recently, research by Powell et al.

(1994) indicated an increase in overall oyster reef area since the

1970s. It should be noted, however, that this reported increase

might be due to more sensitive surveying techniques rather than

an actual increase in reef area. One practice that does result in

increased oyster reefs is oyster transplantation, whereby, oysters

are transplanted from productive leases to previously non-

producing bay bottoms (Robinson, 2000).

Finfish. Shrimp and Crab Populations

The Galveston Bay system maintains important recreational and
commercial fisheries for shrimp, crabs, and fishes. During the last
100 years, the total landings from the estuary have doubled,
mostly due to shrimp and crabs.

Scientific measurements of indicator species conducted by Texas
Parks and Wildlife Department (TPWD) will be used to assess
trends in fishery organisms because the data provide better
information than landings to estimate actual population sizes
(Green et al., 1992; Green et al., 1993). TPWD utilizes several
techniques for monitoring, including: 1) bag seines for collecting
smaller organisms in near-shore environments; 2) trawls for
collecting organisms found on or near the open bay bottoms; and
3) gill nets for catching larger fish near shore. Data are compiled as
catch per unit effort (CPUE), defined as the number of individual
fish/shellfish caught for a given area seined or time trawled.

The temporal trends for several selected species are presented in
this section based on Green et al. (1992) and Criner and lohnican
(In Prep). White and brown shrimp and blue crab were selected
because of their commercial importance and association with
sediment. Three finfish were selected for detailed presentation.
The spotted sea trout is a top carnivore of the open bay and an
important recreational species. Gulf menhaden are important
herbivores in the open bay and useful as indicators of plankton
biomass. Atlantic croaker is a benthic predator and is useful as an
indicator of benthic community health.

White and Brown Shrimp
TPWD's bag seine collections capture small shrimp (3 - 7 cm)
along vegetated and non-vegetated shorelines. Shrimp trawl
collections capture the larger shrimp (7 -10 cm) as they occupy
the open bay bottom and make their way to the Gulf. Sampling for
the bag seine collections of white and brown shrimp show large
fluctuations among years in the abundance of both species in the
nursery habitats. Figure 8.1 shows that 1986 had a density of less
than 200 small brown shrimp per hectare in near shore habitats,
but in 1987 the abundance rebounded to almost 1,200 per
hectare. Shrimp species abundances are naturally variable. No



trend is apparent over the historical record for CPUE of small
shrimp sampled with bag seines.

A strong decline in white shrimp was observed in trawl samples
from 1982 through 1990 (Walton and Green, 1993; Green et al.,
1993). The sharp decline of white shrimp CPUE for trawl samples
was followed by a period from 1991 to 1998 of highly variable years
(Criner and Johnican, In Prep). Figure 8.2 shows the annual
averages and a polynomial trend line that emphasizes the decline
and rebound of white shrimp abundance. Brown shrimp
abundance shows no trend in CPUE for shrimp trawl collections
over the same time period.

Blue Crab
More blue crabs are landed in Galveston Bay than in any other
Texas estuary. Blue crab landings have increased from about
200,000 pounds per year in 1960 to over three million pounds per
year in 1990 (Walton and Green, 1993).

Blue crabs had different temporal trends for different size classes.
Recruitment did not appear to be a problem, as a linear trend line
for CPUE for bag seine samples is flat from 1977 until 1998 (Criner
and lohnican, In Prep). The trend for larger crabs captured in
shrimp trawl sampling is negative. The CPUE declines of shrimp
trawl samples appear consistent from 1982 until 1995 when the
trend turns upward. Figure 8.3 shows the annual average CPUE
plotted over sampling years.

Spotted Seatrout
Spotted seatrout are a premier recreational game species in
Galveston Bay. CPUE for spotted seatrout captured in bag seines
decreased during the study period from 1976 to 1998 (Criner and
Johnican, 2000). The values seem to have two ranges; high values
before 1984 when a randomized spatial sampling scheme was
implemented and lower values after (Robinson pers comm).
During the last 16 years, older age classes have shown notable
increases in abundance.

Spotted seatrout collections with shrimp trawl and with gill nets
exhibit upward trends. CPUE for trawls was 0.1 fish per hour in
1982 through 1985, but increased to 0.3 and 0.4 in 1997 and 1998
respectively. Larger fish sampled by gill net over the same time
periods exhibit an increasing trend in CPUE (Figure 8.4). The first
three years of the record, 1975 - 1977, have an average CPUE of
0.29 while the last three years, 1996 - 1998, of the record have an
average of 0.75.

Atlantic Croaker
This species is a common target of recreational fishermen using
bottom gear. It is an abundant demersal predator feeding
primarily on invertebrate prey. Monitoring data for young of the



year croaker show the same pattern as spotted sea trout. The
average values prior to 1984 are higher than the average values
after spatially randomized sampling begins. The shrimp trawl
samples, that were also spatially randomized, but appear less
sensitive to site selection, show a strong increasing trend in CPUE.
The linear trend line for these samples rises from around 20 fish
per hour in 1982 to near 80 fish per hour in 1998 (see Figure 8.5).

Shrimp Trawl Bycatch

Bycatch is a broad term to describe unwanted incidental harvesting
of organisms during pursuit of a different species. A study to
assess shrimp trawl bycatch in Galveston Bay was conducted by
the National Marine Fisheries Service Galveston Laboratory during
the 1992 shrimp season (Martinez et al., 1993). One fish was
captured as incidental bycatch for every 1.9 shrimp landed during
the March to November shrimping season. Dominant bycatch
species captured included Atlantic croaker, Gulf menhaden, sand
seatrout, bay anchovy, sea catfish, spot, squid, and blue crab.

The TPWD conducted bycatch characterization studies in
Galveston Bay during 1995 and had results similar to the NMFS
study. Though bycatch ratios were the smallest seen on the coast,
the numbers of individuals caught were still significant (i.e. total
finfish bycatch per hour of trawling in the Spring = 4,256; total
finfish bycatch per hour of trawling in the Fall = 1,844) (Robinson,
2000).

A local bycatch study, funded by the GBEP, is currently being
performed by the TPWD. Through the use of comparative trawl
studies, TPWD is evaluating the effectiveness of different bycatch
reduction devices to increase the escapement of bycatch organisms
while minimizing the loss of shrimp. The study is scheduled for
completion in May 2001.

Recreational Bycatch

Based on federal and state fisheries data, Saul et al. (1992)
concluded that recreational sport-boat fishermen caught and
released about two fish for every fish retained. When applied to
the entire Galveston Bay system, about 1.2 to 3.5 million fish are
caught and released each year. Approximately five percent of the

released fishes were reported as being released dead. Available
literature on hooking and handling mortality suggests that 10-15
percent of red drum released alive and up to 30 percent of spotted
seatrout released alive, die from injuries or stresses related to capture
within seven days.

Birds

Bird populations in Galveston Bay have significant commercial,
recreational, ecological, and aesthetic values. Many bird species
observed on the bay are predators on fish, shellfish, or benthic
organisms, and therefore are important indicators of the health of
the food webs. Observers have noted 139 bird species associated
with Galveston Bay wetlands and open-bay habitats (Arnold, 1984).

Colonial Waterbirds
Data from the Texas Colonial Waterbird Surveys from 1973 to 1998
were used to evaluate trends for bird species that utilize Galveston
Bay for feeding and nest nearby in colonies (Glass, 2000). This
excludes solitary nesters, such as osprey and kingfishers, but
includes the herons, egrets, gulls, terns, ibises, etc. The three most
common species in the 1998 were tricolored heron, royal tern, and
laughing gull.

In order to relate fluctuations in the abundance of colonial nesting
birds with habitat quality, the species will be discussed as guilds
dependent on similar feeding or nesting resources. In the guild of
marsh feeders and generalists, the great blue heron shows a
significant negative trend from 1973 to 1998 (McFarlane, 2000). A
record number of white ibis chicks were fledged in 1999 from
colonies in the bay, but the numbers fall very low in drought years,
such as 1988. This bird is negatively affected by conditions that
decrease availability of freshwater crustaceans.

A marsh group consisting of waders that feed on small fish and
benthic invertebrates along shoreline marsh edges includes the
snowy egret, roseate spoonbill, tricolored heron, black skimmer,
and great egret. For these species, the number of colonies
increased in the 1970s and 1980s, but number of individuals per



colony decreased. Over the entire 25 year period from 1973 to
1998, the abundance of this guild had a wave pattern similar to the
open water guild, but with less amplitude (see Figure 8.6).
Populations of nesting great and snowy egrets are quite variable
and their decline is the cause of the recent decrease in the guild.
As seen in Figure 8.7, the black skimmers show a steady and
significant decline in numbers (McFarlane, 2000).

An open-water feeding group includes royal terns, Caspian terns,
oliva-ceous cormorants, Forster's terns, least terns and Sandwich
terns. These species depend primarily upon fish caught from
open-bay habitats. The data from 1973 to 1998, show that the
abundance of Caspian, sandwich and royal terns has a wave-like
pattern of abundance. They declined in the late 1970s, increased
from 1980 to 1995 and declined in 1996-1998 (Criner and
Johnican, In Prep). Over the entire period, royal and sandwich
tern numbers show a significant positive trend (Figure 8.8). Least
terns show a significant decline.

Waterfowl
An annual average of 11,500 waterfowl were observed in
Galveston Bay system, based upon data for 1978 and 1984-1987
(Sheridan et al., 1989). The most commonly observed were the
green-winged teal, ring-necked duck, lesser scaup, red-breasted
merganser, and ruddy duck. While some species of ducks have

declined, geese populations have increased. Geese are more
efficient at using winter rice fields and other uplands for their food
supply, and they are adaptable to a variety of breeding habitats
(BatemanetaL, 1988).

Shorebirds
The Galveston Bay system has been identified as a regionally
significant reserve site for migrating shorebirds, and supports
more than five percent of all mid-continental shorebird populations
during their annual migrations. The most common shorebirds are
the black-bellied plover, American avocet, willet, sanderling,
western sandpiper, dunlin, and dowitchers. The Christmas Bird
Counts and the Bolivar Flats Shorebird Survey indicate a possible
increase in shorebirds, although the data are difficult to interpret
due to lack of standardization.

Threatened or Endangered Bird Species
Brown pelicans were listed as an endangered species (federal and
state level) after they declined to low levels as a result of
bioconcentration of pesticides, many of which have now been
eliminated. Brown pelicans have shown dramatic increases in
Galveston Bay during the past eight years due to the successful
establishment of nesting colonies. This species has recovered and
has been delisted. The bald eagle, a threatened species (federal
and state level), has nesting sites in Chambers, Galveston, and
Harris Counties. It is proposed for delisting. The piping plover,
classified as an endangered species (federal), has overwintering
habitat along Bolivar and Galveston beaches.

Turtles

All sea turtles that reside in U.S. waters have been designated as
threatened or endangered species. These species include the
leatherback sea turtle, Kemp's ridley sea turtle, loggerhead sea
turtle, hawksbill sea turtle and green sea turtle. During the 1980-
1991 period, a total of 27 sea turtles were found in Galveston Bay
(Caillouet et al., 1991). Eighteen sightings were observations of
dead stranded turtles, with three turtles found in shrimp trawls.
Sightings were concentrated near Bolivar Roads, San Luis Pass,
and Rollover Pass. The Kemp's ridley sea turtle (the most
endangered sea turtle worldwide) comprised 16 of the 27 sightings.
On one day in October 2000 a sudden drop in water temperature
contributed to the entrainment of 14 green sea turtles at a power
plant on the west side of Galveston Bay (Rivera pers comm).

Populations of the diamondback terrapin, an inhabitant of brackish
water marshes, have declined over the last 150 years. The species
was once valued as a delicacy and exploited heavily in the 1800's
(Lovich in LaRoe et al., 1995). Terrapin populations then recovered
somewhat, but are now threatened by habitat loss and degradation.

Summary

When compared to other estuaries of the eastern United States,
Galveston Bay's living resources appear to be in good health, with



some exceptions posing management concerns. Phytoplankton
abundance, as measured through chlorophyll-a concentrations,
has changed significantly through the years, possibly in response
to increases in nutrients peaking in the late 1960s, followed by
nutrient reductions. Over wide expanses of the bay, the benthic
community remains abundant and diverse, following a natural
gradient of increasing diversity from the upper bay system
seaward. Although oyster reefs appear to have expanded in recent
years and commercial fish and shellfish populations are generally
stable, the oyster population is nowhere near the levels found in
Galveston Bay prior to shell dredging. This was a major habitat
alteration from which the bay has yet to recover. The total number
of colonial waterbirds has remained relatively stable since the
early 1980s. However, the composition of the colonial waterbird
community is thought to be changing with increasing numbers of
rnval terns, sandwich terns and brown nelicans.





Epilogue

"The challenge is to convert humanness from being the destroyer of nature and productivity to

being the supporter of nature, the sensitive gardener, the caring mother or husbandman."
-FRANK B. GOLLEY IN A PRIMER FOR ENVIRONMENTAL LITERACY, 1998

had been initiated and 5% had been completed. Each of the
seventeen priority problems listed in Chapter One is a component
of an action plan. Implemented progress on these action plans
was assessed and summarized in a plan review document
submitted to the Texas Natural Resource Conservation
Commission (TNRCC).

While implementing The Plan over the past five years, we have
discovered comprehensive management which will successfully
sustain the economic and ecological viability of Galveston Bay
requires us to consider two additional factors: "development of a
common vision" and "encouragement of active partnerships."

Assessment of The Galveston
Bay Plan
Some of the action plans have
shown very significant progress.
Our thanks to new programs
developed by partners of GBEE
For example, on the Public
Health Action Plan, GBEP has
worked closely with Texas
Department of Health (TDH)
on increased monitoring of
seafood for fecal coliforms,
Vibrio bacteria and toxic
contaminants. GBEP provided

funding for a comprehensive risk assessment of Galveston Bay
seafood regarding chemical contaminants. TDH has performed
fecal coliform testing in excess of monitoring requirements to
reclassify oyster harvest areas, an objective of The Plan. There has
also been progress by the Texas General Land Office (GLO) under

Long lasting solutions emerge from natural resource
management that establish a balance between economic
development and a healthy environment. The Galveston Bay
Estuary Program is using a consensus-based holistic approach
to manage the complexity of Galveston Bay in a balanced
manner. Movement from traditional mechanistic approaches to
stewardship-based management is a trademark of the National
Estuary Program. The development and implementation of The
Galveston Bay Plan (The Plan), a Comprehensive Conservation
and Management Plan for the Galveston Bay Ecosystem, embodied
the latter strategy. Historical top-down, command and control,
piece-meal processes have evolved into bottom-up, consensus-
based, ecosystem level, adaptive management. Clearly, this
approach is necessary due to the interconnectedness and complexity
of the bay and its processes, the overlapping mandates of agencies
with responsibility, and the political nature of user interactions.

Implementation of The Galveston Bay Plan
The Galveston Bay Plan is implemented with the understanding
that the bay's health is dependent on its surroundings. It is
impacted by the tributaries that feed it as well as by activities on
neighboring lands, which drain to those tributaries. The Plan
provides the focus necessary to integrate diverse programs and
jurisdictions for improved stewardship of the bay. We have made
significant progress through implementation of The Plan, as
described below.

The end of the millennium also marks the end of the first phase of
The Galveston Bay Plan. Five years of implementation were
reviewed by a set of Task Forces and priority areas for the next five
years proposed. The Plan contains 82 recommended actions. The
reviewers determined that 67% of those recommended actions



the Coastal Management Program on monitoring beach water for
contaminants that could impact contact recreation. The health of
Galveston Bay users is better protected since GBEP encouraged
collaboration among management agencies.

The Habitat Protection Action Plan has progressed through many
projects of different sizes, planned and initiated by organizations
sharing a vision of reversing the loss of habitat around the bay. In
sum, over 500 acres of brackish water marsh has been created or
restored. Nesting sites for birds are receiving additional
protection. Seagrass meadows were established in new areas of
West Bay. A significant plan was developed under the auspices of
the Galveston Bay Foundation for habitat conservation around
the bay. The Texas Parks and Wildlife Department (TPWD) and
GLO developed a cooperative plan to acquire coastal wetlands for
conservation. Partnerships involving the Audubon Society and
the Texas Nature Conservancy have provided significant benefits
to the biodiversity of the bay. Now partners from private industry
have stepped in and provided resources. For example, Reliant
Energy has provided nursery space for plan propagation and
leadership in nationally recognized restoration efforts. The partners
of The Plan have shown a strong and continuing commitment to
habitat conservation and restoration.

The Freshwater Inflow and Bay Circulation Action Plan has been
advanced through a regional collaborative effort. The TPWD and
the Texas Water Development Board (TWDB) were already at work

on estimates of the freshwater needs of Texas' estuaries when
legislation was passed to initiate regional watershed planning.
Their study of the needs of this estuary provided critical information
to the Galveston Bay Freshwater Inflows Group (GBFIG) support-
ed in part by GBEP for consideration of this issue. GBFIG dis-
cussed the study results and made recommendations to the
Region H watershed planning group on essential flow levels.
Region H incorporated the needs of the bay into our regional
water plan. This is the only region in Texas to specifically address
the needs of an estuary during its planning process. Water
conservation education has also made large strides to reduce our
vulnerability to future drought conditions. A vision of sustainable
water supplies for people and nature is growing.

The Natural Resources Damage Assessment program (NRDA)
made very important contributions to progress on the
Spills/Dumping Action Plan. NRDA partners greatly facilitated the
process of turning environmental damage into habitat
conservation opportunities. Seagrant developed a Clean Marina
Program for Texas and is working cooperatively with the GBEP to
address boater waste issues. The implementation of Phase I of the
NPDES Stormwater program under the Clean Water Act will have
major positive impacts on spills and solid waste associated with
runoff. Public attention has been focused on this source of
pollution through the successful Trash Bash activity coordinated
by Gulf Coast Waste Disposal Authority. Public
recognition of the pollution problems associated with runoff
could change our vision of what it means to be environmentally
responsible. This new focus could lead to increased partnerships
with local governments, thus increasing our effectiveness.

Action plans addressing water and sediment quality have
progressed through the implementation of Total Maximum Daily
Load (TMDL) and other projects on the bay and its tributaries. A
total of 8 TMDLs were initiated by TNRCC in the lower Galveston
Bay watershed. Voluntary programs for municipalities (Clean
Cities) and businesses (Clean Industries) demonstrate the value of
non-regulatory initiatives toward improvement of water quality.
These participatory programs address the problems of every
impaired water body in the region, build partnerships, and
contribute to a shared vision of the environmental future of the
Galveston Bay watershed.

GBEP is contributing to reduction of runoff pollution through a
technical assistance program for local governments and
stakeholders. Non-point source pollution prevention is also
addressed through cooperative programs on septic systems.
Monitoring of small wastewater treatment plants is increased and
technical assistance is improved through cooperation of national,
state and local governments.

The Public Participation and Education Action Plan recognizes
the value of an educated citizenry for the protection and monitoring
of Galveston Bay. The Galveston Bay Council has representatives
from many partners of GBEP and sets the standard for participatory



guidance of a state agency program. The public's attitude toward
the environment and the bay are monitored by the Texas
Environmental Survey. Results of this research provide the GBEP
subcommittees with useful information on the public views of
environmental issues and through trend analysis provides a
picture of how effective outreach efforts have been in the past.
Planning for the biennial State of the Bay Symposium is another
stakeholder driven activity which provides a forum for sharing
results of Plan implementation demonstration projects, results of
monitoring and protection programs, and current update on the
state of the bay. Some of the most successful citizen involvement
projects have included: Bay Day, Marsh Mania, Trash Bash,
Citizen Water Quality Monitoring, and the Galveston Bay Yards
and Neighbors. Actions in the volunteer arena make important
contributions to a widely held stewardship based vision of the bay,
which is captured in The Galveston Bay Plan.

Recently, in an effort to increase local government and user group
partnerships, the GBEP initiated a new grant program. The
Galveston Bay Grant Program is one of the newest tools available
for protecting and improving Galveston Bay's water quality and
natural resources. Grant dollars help communities, non-profits,
local governments, school districts, and state agencies implement
The Galveston Bay Plan by supporting programs to: create
solutions to local water pollution problems; protect, preserve and
restore habitat; and encourage people of all ages to be
environmental stewards.

What does all this mean? It means that in order to have sustainable
communities and provide a bright future for generations to come,
we must have a vision of what we want our surroundings to look
like in 10, 20 or 50 years. We then must evaluate the impact of our
decisions on that vision.

Galveston Bay is part of our "community" whether we live in
Harris, Galveston, Chambers, Liberty, or Brazoria County.
Everyone living in this area should make the bay a part of their
vision for the future. Galveston Bay's resources are the property of
no one group, agency, or person. Preserving and sustaining it is
everyone's responsibility. An expression of this broad responsibility
is reflected in the breadth of organizations that collaborate with
GBEP on preserving and restoring the Bay. Government agencies,
corporations, citizen groups, educational institutions, and
individuals contribute resources, time, and expertise to the effort.
Yet, to be effective, a common vision is needed. It is said that
without a vision, the people perish.

What is our common vision for Galveston Bay and our neighboring
communities? Is it economic prosperity, clean air and water,
environmentally safe places for our children to play? That is a
start, but the true question is... what part will you play in preserving
and protecting the bay to realize your vision?

The Future: Vision and Partnerships

"As we move forward in restoring Galveston Bay's habitat and
water quality, and in the midst of the bay's multiple uses, one
very large question looms. What do we in the Galveston Bay
community want the bay to look like in the next 20-50 years?"

- Linda Shead, Galveston Bay Foundation, 2000

GBEP must ensure that The Plan is designed to implement a
realistic vision based on thorough understanding of the processes
and organisms that compose the system we call Galveston Bay.
Research is a continuing need because our understanding of the
complex bay system is so limited. Research partnerships are growing
as a result of the GBEP coordination efforts. It will take time,
resources, and commitment to obtain the knowledge we need to
chart the path to the vision embodied in Tlie Plan.

We live in a global economy with competing forces that create
pressure to build, expand, and mass produce, and to do so
expeditiously. Meeting these demands without consideration of
the long-term impact on our resources or without consideration
of the impact of actions on others, might be appropriate if we lived
in a world of infinite natural resources, or if we lived in isolation. But
neither is the case. Our resources are finite and we are connected.
We breathe the same air and our local waterbodies are connected
to those around the world.
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