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The Galveston Bay Estuary Program hosted the third biennial State of the Bay Symposium, January
10-11, 1997 at the University of Houston Hilton. More than 400 people attended the two-day event
which was conceived to explore new ideas and update information to further the course of
conservation and protection of the Galveston Bay System.

The goal of the past Symposiums has been to look at the science of the Bay, the needs of all
stakeholders and the impacts of a resident population of more than four million people in the five
surrounding counties. The third Symposium focused on information necessary for future planning
as the Galveston Bay Plan is implemented.

The Galveston Bay Plan, a Comprehensive Conservation and Management Plan, was developed as
a product of five years of research, data-gathering and consensus-building, under the auspices of the
Galveston Bay National Estuary Program (GBNEP). When the Plan was approved by the U.S.
Environmental Protection Agency in 1995, GBNEP became a program of the State of Texas and was
renamed the Galveston Bay Estuary Program (GBEP). At that point, the task of implementation of
the Plan began.

The purpose of the State of the Bay Symposium, III was to analyze the progress of implementation,
the next steps to be taken, and the status and trends which impact this vital Texas resource.

Names of speakers and titles of their presenations are included in the agenda on the following page.
All presenters were invited to submit an abstract, summarizing their presentation for inclusion in these
proceedings. Those received by the GBEP have been published in this Proceedings of the State of
the Bay Symposium, III.

Introduction
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The Economic Value of the Texas Gulf Coast

Augustine Redwine
Office of the Texas Comptroller of Public Accounts

We know that the Texas Gulf Coast is vital to the state's economy. We know that energy has been
a mainstay of the Texas economy. For that, the area along the Gulf Coast can take a bow. We know
that the Gulf Coast is an area full of natural resources. I am talking about the economic interplay
of the Gulf Coast's natural resources and am concentrating on three industry sectors that are
important all along the Gulf Coast. These sectors are manufacturing, commerce and tourism.

There are a variety of manufacturing activities along the Gulf Coast, but the major coastal industries
are oil-related such as petroleum, refining, petro-chemicals, and the prospect of a new oil boom.

With regard to commerce, there is no doubt that the Gulf Coast's ports are a major economic engine
of the community. The handling and shipping of domestic and international cargo through the ports
provide many jobs for Texans.

The economic importance of the Gulf Intracoastal Waterway cannot be overestimated as tons of
materials are shipped annually through all three segments of the Gulf Coast. A poetic Texas in 1956
is quoted in Time Magazine as saying that the Gulf Intracoastal Waterway is "A shining strand
linking together the jewels of progress into a fabulous necklace along the curving bosom of the
Gulf. " Another important commerce sector dependent on the Gulf Coast are the commercial
fisheries.

The third major sector is tourism. With 397 miles of beaches and a variety of attractions, both
natural and man-made, the Texas coast is an abundant source of vacation activities. Furthermore,
the bays and estuaries of the Gulf Coast region provide ample fishing, waterfowl hunting and
birding. What we have then is a Gulf Coast economy based on a triangle of industry sectors that
evolves around the natural resources of the coast.

A Growing Coastal Population

Since 1960, more than one-quarter of the state's population live within the first-tier of counties
bordering on the Texas coast. By the year 2000, it is estimated that more than 5.2 million persons
will live in this area. In fact, the population living directly on the state's shoreline will have more
than doubled between 1960 and 2010 according to population projections by the Comptroller's
Office, increasing from 2.4 million to 5.8 million. Without a doubt, people are moving to the Texas
coast to work, play and make their homes.
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An Abundance of Natural Resources

There are 7 major and 3 minor bay and estuary systems distributed along the Gulf Coast, containing
1.5 million acres of open water bays and at least 1.1 million acres of marshes and mudflats. Oil and
gas deposits in the Gulf will continue to provide a major portion of America's energy needs. Even
now a new drilling boom is underway in the Gulf driven by technological advances that have
lowered the cost of finding oil and gas offshore. 1995 proved to be the strongest year in more than
a decade for the offshore drilling industry. In the spring of 1995, only 63 percent of the offshore
drilling rigs available in the Gulf region were actually at work. By year's end the rig utilization rate
increased to 85 percent. In February 1996, more than 150 rigs were operating in the Gulf, the most
since 1990.

Increased exploration, drilling and production in the Gulf generate economic benefits for Texas,
especially for the Houston area. Because support firms perform a wide variety of services for
offshore oil and gas producers, it is hard to trace the economic impact of this activity on a local or
regional economy. Certainly the new boom has created a lot of work for geophysical and drilling
firms, exploration crews, helicopter leasing firms and other support industries located along the
Texas and Louisiana coasts. A good example of that is the Mars drilling platform that was
constructed in Corpus Christi. Construction of the 36,000 ton platform provided about 1,500 jobs
in Corpus Christi since August 1995.

Commerce

Total impact on the state's economy from commercial fishing, sport fishing, hunting, and other
recreational activities. In 1991, sport fishing—salt and freshwater—brought in about $2.8 billion to
the Texas economy. Of that total approximately $320 million were on saltwater fishing, and $770
million in expenses related to food lodging, transportation, and boat rentals. Half of the seafood
consumed in the US comes from the Gulf. The state's annual catch of shrimp, other shellfish and
finflsh pumps $400 million into the economy each year and provides jobs for 30,000 coastal
residents.

Texas is the largest maritime state. All types of cargo is handled by the state's-deepwater and-
shallow-draft ports, all of which are connected by the Gulf Intracoastal Waterway Canal. The ports
not only compete with ports of other nations and state, but also with each other. The ports are a
major economic engine where located. Following are some unique aspects about Texas ports:

• The Port of Beaumont is a major military port, and has shipped a record level of cargo for
the 3rd year;

• The Port of Brownsville calls itself the Home Port of Nafta and ships steel from Mexican
foundries;

• The Port of Corpus Christi started as a cotton port and has diversified into a petroleum port
with the 6th largest in tonnage in the nation;
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• The Port of Galveston created 700 new jobs due to servicing of submersible rigs;
• The GIWW handles 90 percent of all the gasoline shipped to the Lower Rio Grande Valley,

and 75 percent of all fertilizer and 100 percent of the sugar cane shipped to L.A.;
• The Port of Houston ranks 2nd in US total tonnage, and 8th in the world. Located in the

largest petro-chemical complex in the US, and the 2nd largest complex in the world. (The
largest petro-chemical complex is Rotterda).

The port business is a business of continually shifting opportunities.

Tourism

With 397 miles of beaches and a variety of attractions both natural and man-made, the Texas coast
is an abundant source of vacation activities. Among the very popular recreational activities available
on the Gulf Coast are birding and waterfowl hunting—two activities that I knew very little about until
I started preparing for this speech. According to the Texas Parks and Wildlife Department, Texas
is the top-ranked birding site in the world. Why? Texas has documented more bird species than any
state in the U.S. More than 600 species. Parks and Wildlife officials are in the final phases of
completing the $1.5 million Great Texas Coastal Birding Trail, featuring more than 200 sites on a
500-mile route stretching from Beaumont to Brownsville.

Economically, the birding trail rivals the great Texas cattle trails of the early West. For two weeks
in April and May, thousands of bird watchers will converge at different sites along the birding trail.
Birdwatchers traveling to the Texas coast will spend millions of dollars. The economic impact of
birding in Texas is substantial.

• In 1991, 4 million Texas spent $877 million observing, feeding or photographing wildlife
in Texas;

• Birders to the Sabal Palm Grove Sanctuary near Brownsville spend $6.9 million annually;
• 48,000 birders annually spend $20 million visiting the Laguna Atascosa National Wildlife

Refuge near Raymondville;
• 2,000 birders attended the 1995 Rio Grande Valley Birding Festival in Harlingen. Economic

impact estimated at $1.5 million.

Texas ranks high in waterfowl hunting also. It is #3 in total hunters, #3 in duck harvest and is the
#1 goose harvest state - the Eagle Rock Lake area is prime goose country. These rankings are
derived from federal duck stamp surveys. There is a study underway to determine the economic
impact of waterfowl hunting to the state.

Hunting, birding and other recreational activities drive the Texas tourist industry. The Texas tourist
industry accounted for $22.5 billion in expenditures in 1995, met a $7.6 billion payroll and generated
397,000 jobs for Texans. In 1995, Dallas County ranked first with 99,000 jobs attributed to
domestic traveler spending, followed by Harris County with 79,500 jobs. Other Gulf Coast counties
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ranked in the top 15 counties were Nueces (8,000), Cameron (6,800), Galveston (5,800) and
Jefferson (2,700). Travel in Texas generates a demand for a variety of goods and services producing
receipts for a number of industries. Spending on food service was the largest expenditure for
travelers, totaling $6 billion, 26.9 percent of the state total; followed by public transportation ($4.7
billion), lodging ($4 billion) and auto transportation ($3.4 billion). In 1995, travel-related spending
along the first-tier of counties along the Texas Gulf Coast topped $6 billion, most of that generated
in Harris, Nueces, Cameron, and Galveston counties. Travel and tourism provided 109,000 jobs in
1995 and a $2.2 billion payroll across the 19 county area.

Of the 34 million non-Texans who visit the state each year, one in four has a destination along the
Gulf Coast, according to the Texas Department of Commerce. State revenue generated by travel
expenditures through state sales and excise taxes totaled $871 million state-wide during 1995.
Dallas County accounted for almost 21 percent of the total with $157 million, followed by Harris
County with $150 million. Travel expenditures along the Gulf Coast generated $229 million, or 26.3
percent of the total state tax receipts in 1995. Local tax revenue generated for the counties within
Texas depends on the local tax structure and the characteristics of travel spending within the county.
In 1995, tourism generated $656 million for all Texas counties. Again Dallas County ranked first
receiving $181 million, followed by Harris County with $150 million. Local tax receipts for Gulf
Coast counties totaled $182 million, or 28 percent of the total.

Manufacturing

Two-thirds of all US petrochemical production and almost one-third of the nation's petroleum
industry straddle the dredged channels of the Texas Gulf Coast.

Nearly 80,000 Texans were employed in the Gulf Coast's petrochemical and refining industries in
1994. The Texas Gulf Coast complex includes an enormous system of pipelines, rail cars, barges
and tank trucks, in addition to 250 chemical plants, 30 refineries, and 74 gas-processing plants.
According to a 1992 study by Texas A & M chemical manufacturing wages in 11 counties along the
Gulf Coast topped $700 million. The 1992 shipments from Texas refineries were valued at $38.3
billion, representing 28 percent of the US total. Everything that I have mentioned before now has
given only a partial clue about the economic value of the Texas Coast.

What is the Economic Outlook for the Gulf Coast Council of Governments Region through the
turn of the century?

The Gulf Coast Region includes the following counties: Austin, Brazoria, Chambers, Colorado, Fort
Bend, Galveston, Harris, Liberty, Matagorda, Montgomery, Walker, Waller, and Wharton counties.
The economy of the Gulf Coast Region of Texas should continue a moderate, but slowing, expansion
through the end of the century. After growing somewhat slower than the state, employment growth
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should continue to moderate in line with statewide trends, averaging 1.6 percent annual employment
growth from 1995 to 2000. In total, 200,000 additional jobs should be generated by the region's
economy from 1994 to 2000.

The service sector will continue to generate the bulk of the new jobs in the Gulf Coast region
through the end of the decade. Although the service sector will account for only 30 percent of all
jobs in the region by the year 2000, the addition of 118,000 jobs to the region's service sector from
1994 to 2000 accounts for about 57 percent of the expected job growth for the region as a whole
during this period. The rate at which the service sector is expanding will slow through the end of
the decade, averaging 3.1 percent from 1995 to 2000.

Manufacturing, employment will remain essentially unchanged through the end of the decade. Some
portions of this sector such as food processing, lumber and wood products and other construction-
related materials suppliers should add employment during this period. Employment in mining
(nearly exclusively oil and gas drilling) is likely to decline steadily through the end of the decade
in line with state and national trends. On the other hand, employment in the transportation,
communications and public utilities sectors should grow modestly, adding about 17,500 jobs by
2000.

In the short term more of this growth will be concentrated in the communication sector. Later in the
decade some stronger growth in transportation should be expected due to increased trade with
Mexico. Also contributing to employment growth in the region throughout the decade will be
government, although some portions of government will grow while other parts decline. Based on
continued tightness in the federal budget and a likely shift of federal activities to the states, federal
civilian employment in the region should actually decline modestly through the end of the century.
On the other hand, opening and expansion of correctional facilities in the region should generate job
opportunities in state government.

Growth in local government should be driven largely by increased workloads as the region's
population increases. Total population in the region is expected to rise from 4,265,800 in 1994 to
4,700,800 by 2000. As the baby boom generation continues to move out of prime child-bearing
ages, however, the rate of growth in this region's population will slow through the end of the decade
mirroring declining birth rates expected across the state in the last half of the 1990's. In line with
more slowly growing employment opportunities through the end of the decade, the rate of growth
of total personal income in the region should slow as well, averaging only a 6.1 percent rate of
growth from 1995 to 2000.

While the rate of growth of both population and total personal income will be slower during the last
half of the decade than more recent experience, the slowdown in the rate of population growth is
proportionately greater than the slowdown in the rate of growth of income. As a result, the rate of
growth in per capita income will actually be higher during the last half of the decade than it was from
1993 to 1995. This rising per capita income coupled with moderate total personal income growth
in the region will drive increases in retail sales. After increasing at a strong 8.8 percent annual
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growth rate from 1993 to 1994, the growth hi retail sales should settle back into a somewhat slower,
but still respectable rate of increase, averaging 6.7 percent annual growth from 1995 to 2000.

Summary

All together, people and their economic activities can strain coastal natural resources, and that can
have economic consequences. Man-made improvements have had an impact on the delicate coastal
eco-system, affecting not only the seafood harvests, but the balance of nature in bays, estuaries, and
lagoons. But on the flip side, activities such as dredging can help mitigate these problems. New
navigation channels and disposal sites can help improve water circulation, enhancing fisheries.
Dredged material can be used to restore wildlife habitat and replenish eroding shorelines. Almost
5 million people live in the Texas coastal area and 5.7 million are expected by 2010. Texans who
will live near the coast in the year 2010 will be dependent on the natural resources of the Texas Gulf
Coast's lands, waters, wildlife, beaches, bays, and estuaries to create and maintain a sustainable
economy. As these communities continue to develop, so will the need to maintain their local natural
resources.
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The Galveston Bay Plan

Jim Katchtick
Chairman, The Galveston Bay Council

What is The Galveston Bay Plan?

The Galveston Bay National Estuary Program was established under Section 320 of the Water
Quality Act of 1987. The primary purpose of the GBNEP was to develop a Comprehensive
Conservation and Management Plan for Galveston Bay (The Galveston Bay Plan, or the Plan) in
order to preserve, protect and enhance this valuable ecosystem of national significance.

This was accomplished from 1990-1995 by a partnership of state and federal agencies, local
governments, stakeholders, users and other interest groups in the bay area with input from the
general public.

The Plan has 82 management initiatives that address 17 specific problem areas. In broadest terms
the Plan addresses these issues in a priority manner:
• Habitat loss and its effect on fish and wildlife;
• Competing human uses of the Bay: a balance between needs and available resources; and,
• Water and sediment quality.

More specifically, the 82 action items in the Plan are divided into 11 categories: habitat protection;
species population protection; public health protection; freshwater inflow and bay circulation; spills
and dumping; shoreline management; water and sediment quality; nonpoint sources of pollution;
point sources of pollution; research; and, public participation and education. The Plan also addresses
the Regional Monitoring Program, the role of the public, and implementation and funding.

Who will implement the Plan?

Implementation is administered by the Texas Natural Resource Conservation Commission's
(TNRCC's) Galveston Bay Estuary Program office. ("National" was omitted from the name of the
program when implementation began and funding shifted from primarily federal to primarily state
monies). It relies upon the work of the Galveston Bay Estuary Program, as advised by the Galveston
Bay Council, to see that the initiatives are implemented by its many partners. The Galveston Bay
Estuary Program is responsible for coordinating agency activities, facilitating public-private
partnerships, monitoring the implementation of the Plan, and conducting public outreach and
education.
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For each of the 82 action items, a lead implementing entity and other participating entities are
named. Most action items are to be implemented by the TNRCC or some other state agency; some
by federal agencies; some by local governmental organizations; and, some by non-governmental
organizations.

What is in the Plan?

Each action item details the following:
• What needs to be done;
• How it should be done (step by step);
• When it will be done (anticipated start of new activity as well as the time-line on existing

activities);
• Where it will be done;
• Who will be doing it;
• Estimate of public costs of new actions (5 year period);
• Expenditures by the agency's independent activities pertaining to this action item;
• Potential sources of implementation funding; and,
• Regulatory issues that might result from the activity.

What is the Role of the Galveston Bay Council?

The Galveston Bay Plan proposed creation of a Galveston Bay Council to advise the TNRCC,
through the Galveston Bay Estuary Program (GBEP), on all aspects of implementation. The
Galveston Bay Council consists of representatives of federal, state, and local natural resource
agencies, the research community, local governments, citizens, and other Galveston Bay
stakeholders. The Galveston Bay Council is a continuation of the partnerships successfully utilized
by the Galveston Bay National Estuary Program for the creation of the Plan.

The Council performs the following functions:
• Provides a forum for technical and stakeholder group review and input during Galveston Bay

Plan implementation.
• Advises the Commission staff during preparation of progress reports, evaluations, and plan

updates.
• Authorizes and makes appointments to subcommittees as necessary.
• Assesses the success of action plans and initiates revisions.
• Addresses legislative issues and makes recommendations to the Texas Legislature.
• Advises the Commission as to annual priorities for implementation of action plans.
• Monitors the effectiveness of actions taken pursuant to the Plan.
• Reviews all federal financial assistance programs and federal development projects in

accordance with Section 320 of the Clean Water Act.
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Section 320 of the Clean Water Act gives the Galveston Bay Estuary Program authority to review
federal assistance programs and federal development projects for consistency with the Plan..

How was the Plan developed?

The process used to develop the Plan over a five year period of time was almost as important as the
product. The keys to success can be attributed to the following:
• Consensus was used for nearly all decision making, which was a long, hard, but powerful

process;
• Cooperative nature of the individuals who participated in the process, representing various

agencies, organizations, and interest groups;
• Sound scientific basis of the characterization of the Bay (including status and trends) which

factually defined the problems;
• Creation of the Galveston Bay Council to provide ongoing regional input, to advise during

implementation of the plan and to recommend adjustments to the Plan, if necessary.

Overall, it is felt that The Galveston Bay Plan is a road map for management of Galveston Bay for
the future, so that this valuable resource is preserved, protected, and enhanced for the maximum
benefit by all its stakeholders.
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Changes In Freshwater Inflows to Galveston Bay
and the Trinity-San Jacinto Estuary, Texas

Gary L. Powell and Ruben S. Soils
Texas Water Development Board

Galveston Bay and the Trinity-San Jacinto Estuary lie in the warm temperate climatic zone of the
upper Texas coast and cover an area of about 600 square miles—the largest of all seven major bay
and estuary (tidal) systems in the state. Although transected by a deep (>40ft) ship channel, the
average depth of the estuary is only 8.5 ft. Indeed, some view it as a shallow mixing bowl above the
continental shelf of the Gulf of Mexico.

Galveston Bay receives an average 10.1 million acre-feet per year of the freshwater inflows from the
Trinity River Basin (54%), the San Jacinto River Basin (28%), the San Jacinto-Brazos Coastal Basin
(10%), and Neches-Trinity Coastal Basin (6%), and the Trinity-San Jacinto Basin (2%). The
seasonal distribution of these freshwater inflows is typified by peak springtime inflows in May,
followed by minimum summer inflows in August. Seasonal inflow distribution is generally
controlled by the discharges of the Trinity River. The ecological importance of freshwater inflow
is revealed through its functional roles in the following aspects:

• transporting and distributing sediments and nutrients throughout the estuarine environment;
• creating and maintaining a proper salinity gradient between the inflowing rivers and the Gulf of

Mexico so as to produce estuarine conditions for adequate growth, survival and reproduction of
estuarine-dependent species;

• maintaining wetland habitats, primary (plant) and secondary (animal) productivity of the estuary;
and

• maintaining economically important fish and shellfish populations with an estimated statewide
economic impact of ~$ 1.64 billion (1994 dollars) in commercial fishing, sport fishing, and other
recreational activities annually (=$2,312/acre of bay or $l,333/acre of total estuary including
marshes and mudflats).

Nevertheless, this does not mean that estuarine needs for freshwater are in some way constant or
uniform, since dynamic fluctuations within the biologically productive range, both seasonally and
annually, are realistic and desirable for maintaining a sound ecological environment. However,
extended or semi-permanent inflow conditions which consistently fall below the maintenance levels
can lead to degraded estuarine environments, loss of important nursery habitats for the young or
many economically valuable fish and shellfish (seafood) resources, and a reduction in the potential
for natural assimilation of organic and nutritive wastes produced by human activities.

As the human population in the contributing and surrounding drainage basins of Galveston Bay
increases, so do competitive demands for freshwater supplies for domestic, municipal, industrial,
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agricultural, and other beneficial uses. Although these uses would be expected to decrease inflows
to the estuary, several factors may act together to offset the consumptive losses, including improved
conservation practices, increased rainfall-runoff due to increased impervious cover in urbanized
areas, increased use of groundwater with wastewater discharge to the surface drainages, and
interbasin transfer (importation) of freshwater. This may help explain the finding that total inflows
to the estuary did not exhibit a statistically significant increasing or decreasing trend overall during
the 1968-1987 period, even though seven (7) local watersheds did show statistically significant
increases over time. These are given with their estimated change (percent increase per year) as
follows:

• East Fork, San Jacinto River near Cleveland (1.06%);
• Caney Creek near Splendora (2.17%);
• Whiteoak Bayou at Houston (3.06%);
• Brays Bayou at Houston (3.08%);
• Sims Bayou at Houston (1.92%);
• Greens Bayou near Houston (3.02%);
• Spring Creek near Westfield (1.45%)

Potential future development and use of freshwater in the region are also capable of changing the
historical hydrological regime. Some changes are likely to result from the beneficial use of eastern
freshwater with subsequent return inflows mainly to the western side of the bay, however, the
percent of total freshwater inflows to the estuary that are involved is modest (<10%) but not
insignificant, either statistically or ecologically.
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Alterations In The Water Quality of Galveston Bay
On A Time Scale of Decades

George H. Ward & Neal E. Armstrong
Center for Research in Water Resources

The University of Texas at Austin

As a project of the Galveston Bay National Estuary Program (GBNEP), we carried out a data
compilation and analysis to determine long-term trends in water quality in Galveston Bay. Some
of the results from this work have been summarized in previous State of the Bay symposia (e.g.,
Ward and Armstrong, 1993) and reported in excruciating detail in Ward and Armstrong (1992). This
project acquired, digitized and compiled data from 26 historical and ongoing programs, dating back
from some parameters, and sorted into two different segmentations: the 40 TNRCC water-quality
segments, and 126 "hydrographic segments" whose boundaries reflect the flow and transport patterns
within the bay. Each subset of data for a given segment comprises an independent set of data; each
such set of data was subjected to a suite of statistical analyses. Exclusive of special-purpose analyses
and derived parameters (such as dissolved oxygen deficit), we performed (73+50) x (40+126) = over
20,000 independent statistical evaluations, which represents a new level of achievement in self-
flagellation.

The above-cited references present at length the distribution of water and sediment quality in the
system and proffer hypotheses about the controls governing those distributions. In the present paper,
we focus on the alterations in water quality as revealed by a time-trend analysis of this data. Briefly,
the long-term trend was determined as the slope of the linear regression for each of the hydrographic
segments. As there is substantial fluctuation about such a trend line, due to imprecision and kinetics
that affect concentrations of waterborne parameters, we also delineated the confidence bounds on
the trend line. An example is presented in Fig. 1, for near-surface salinity, in which the computed
trend for each segment is indicated to be increasing, indeterminate, or decreasing, according to the
95% ("probable") or 80% ("possible") confidence bounds on the slope. A summary of the
conclusions about long-term trends of the more important water-quality indicators is given in
Table 1.

Some of the more puzzling trends are hi the physical parameters, temperature, salinity and suspended
solids. The magnitudes of these trends, Table 1, are not trivial; these are substantial, big-time
alterations in these parameters. The decline in suspended solids represents a decrease of average
concentrations by a factor of two in two decades. In Ward and Armstrong (1992), several
hypotheses were floated as to the mechanism of this decrease. At that time, we thought the more
likely explanation was response to a modification in exogenous sources, such as river loading, waste
treatment, and altered land use. Since then, the same kinds of analyses have been carried out for the
Coastal Bend bays (Ward and Armstrong, 1997), and the same decline in suspended solids and
turbidity was
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Table 1
Long-term trends in key water-quality indicators,

from Ward and Armstrong (1992)

parameter

temperature

salinity

DO deficit

trend

declining

declining

declining in HSC

rate

0.06°C/yr

0.2 ppt/yr

increasing in areas of open

suspended solids declining 2.1 ppm/yr

inorganic nitrogen generally declining
in open bay

phosphorus declining 0.043 ppm/yr

TOC declining 0.50 ppm/yr

chlorophyll-a declining 1.7ppb/yr

metals generally declining

discovered, but these bays have generally not had the same level of watershed and waste-treatment
alterations as the Galveston system. These results suggest that endogenous sources, such as
remobilization from the bed or shoreline erosion, may be more important.

The decline in temperature was thought to be due to either altered exchange with the Gulf of Mexico
or long-term climitological changes. Some recent work by Kim and North (1995) adds support to
this latter possibility. This has been further reinforced by detection of the same declining trend in
the Coastal Bend bays (Ward and Armstrong, 1997). While this decline is not likely to pose any
serious threat to the water quality or habitat of Galveston Bay, a decline of such a large magnitude
in a parameter which we would expect to exhibit long-term stability cried for an explanation.
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One of the more significant, and surprising, results of the study was the declining trend in salinity.
This is a decline in average salinity on the order of 5 ppt over the last three decades. This is over
twice the alteration (and in the opposite direction) projected to occur with the planned enlargement
of the Houston Ship Channel. There is no direct coorelation with freshwater inflow. In fact, there
are really no long-term trends in freshwater inflow over this period (see the report by Gary Powell
in this symposium); certainly not of the order necessary to effect a decline in salinity this large.
Although several hypotheses were proposed in the GBNEP report, at present we cannot explain the
source of this time trend. This is discomforting. Prediction of salinity is one of the fundamental
requisites for modeling the bay. Yet we are presently incapable of modeling the observed long-term
change. (In the Coastal Bend bays, an increase in salinity was determined in the upper bays-Copano,
Aransas, and Nueces- and seems to be well correlated with a long-term decrease in inflow, Ward and
Armstrong, 1997.)

Compilation of such a long-period record of salinities offers the possibility of applying modern time-
series analyses to examine temporal patterns in salinity. Some preliminary work along this line has
been carried out using this data base (Lee et al., 1997), supplemented by the 40-year record of
salinities at Pleasure Pier, obtained by the National Ocean Service.* This has included spectral
analyses and autoregressive moving average (ARMA) modeling. For the few readers that may care
about such matters, the fact that salinity data is taken at irregular intervals posed a great
computational difficulty in this work: 99.9999% of existing techniques for discrete Fourier or time-
series methods assume an equal sampling interval; therefore we had to devise methods for correct
treatment of this data, see Lee (1997). Fig 2 is an information-dens.e example of results of this work.

The GBNEP data set offers the first real opportunity to quantify long term periodicities in the
variation of salinity. Why would people do such a thing?

(1) Exposing such periodicities can provide insight into casual controls on salinity, therefore some
of its basic physics;

(2) Long-term periodic tendencies may explain shorter-term alterations as partial-cycle responses;

(3) Such analyses, especially of impulse-response behavior, provide new validation;

(4) Long-term analyses can provide some indication of how long a data set is necessary to reliably
infer a trend;

(5) Insight may be obtained into the long-term behavior of other elements of the bay that depend
upon salinity.
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Figure 2 - Example spectral analyses for Hydrographic Area G7 (mid-Galveston
Bay). Top panel: frequency spectrum of near-surface salinity. Other
panels: spectral coherence with: water level (TID), longshore
component of wind (WIX), component of wind normal to shoreline
(WIY), flow of Trinity River at Romayor (TRI), combined gauged flow
into upper Galveston Bay (UPG), precipitation on bay periphery (PCP),
Lake Houston discharge (LKH), estimated ungauged flow on Trinity
watershed (TUG).
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As an example of the last, at this symposium, Al Green of Texas Parks & Wildlife has presented
new information on the apparent rebound of some key species such as shrimp. The fact that salinity
exhibits a long-term periodicity of about 4 years, suggests that organisms dependent upon salinity
should also. This raises the question of whether the recent rebound is a true comeback of the fishery,
or simply a manifestation of a natural cycle driven by the hydrography of the system.

* After the two-year period of data set identification and acquisition was closed, data sets continued to dribble in, the
earliest of which dates to 1922. We now have on hand a number of additional data sets not included in the GBNEP
compilation. The NOS Pleasures Pier data, which had to be keyboarded, is one such. At some point in the future, we
hope to update the entire data base.
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Partnerships in Conservation Education
"Bringing the Message Home"

Learning to be Water Wise & Energy Efficient™
Youth Education Program

Carole D. Baker
Director of Public Information

Harris-Galveston Coastal Subsidence District

Project Summary Information

The "Learning To Be Water Wise & Energy Efficient" youth education program is being coordinated
by The Subsidence District through partnerships with public and private water suppliers. It combines an
educational curriculum that teaches how to consume less water and energy by combining high efficiency
plumbing equipment and new water smart habits. The program is being offered each year to over 55,000
fifth grade students in the Texas upper gulf coast areas including Harris, Galveston and Fort Bend
Counties. "Learning by doing" is the main ingredient of this curriculum. Each student and teacher
participating receives a water conservation instructional materials package that teaches a number of
behaviors to alter wasteful habits, and a kit that includes a low-flow showerhead, low-flow kitchen and
bathroom aerators, water/rain gauge, water heater temperature check device and leak detection tablets.
Each unit is specifically designed to give teachers, parents and students the "hands-on" experience of
installing and monitoring water and energy conservation equipment. The students, with the help of their
parents, install the devices and complete home energy checkups. The fundamental assumption underlying
this program is that school children can influence their parents' water and energy use patterns quickly and
effectively. This program reaches a broad audience and reinforces our beliefs that our most precious
resource, our children, will be the ones to teach generations, past and present, how to save another precious
resource, our water!

The "Learning To Be Water Wise & Energy Efficient" Youth Education Program was introduced to the
District in 1994. It was a timely introduction as the District was researching options for aggressive water
conservation projects for school students. The Subsidence District is a government entity that regulates
groundwater pumpage along the Gulf Coast of Texas to control subsidence. To achieve this end, the
Subsidence District adopted a regulatory action plan that pumpage reduction of at least 80% can be reached
no later than 2020. The Board of Directors realizes the economic effects of the plan and has, therefore,
adopted a strong resolution to help our area develop and implement strong water conservation measures.

History of the Program

In Fall, '91, a study, "Effectiveness of Retrofit In Single Family Residences And Multi-Family Projects "
was sponsored by the Texas Water Development Board, Harris County Municipal Utility District #55 and
The Subsidence District. Its principal purposes included assessing the cost-effectiveness of retrofit
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plumbing devices with respect to water and energy savings; determining user satisfaction with the devices;
and providing information useful to water utilities throughout the State of Texas.

Results from the single family residence portion of the study indicated that installation of the three retrofit
devices; showerhead, kitchen aerator and bathroom aerator, resulted in an average monthly water savings
of over 1,400 gallons of the average consumption for such a residence. Given the number of household
residents in the study, these water savings amounted to approximately 14.13 gallons per person per day.

Telephone surveys conducted by the researchers revealed that sizeable majorities (97%) were "very
satisfied" with all three water-conserving devices.

The findings of this study suggested three important conclusions. First, installation of water-conserving
plumbing devices of the quality utilized in this study is quite cost-effective. Of course, "devices of the
quality utilized in this study" is an important qualifier. Second, from a regional or community-wide
viewpoint, i.e. aggregating the savings from a number of individual households and apartments, the
widespread installation of "good quality" retrofit devices will result in major water and energy
conservation. Finally, prospective users can expect to be highly satisfied with the performance of "good
quality" retrofit, plumbing devices as well as to perceive readily the resulting savings.

The plumbing devices used in the study are the devices that the "Learning To Be Water Wise & Energy
Efficient" program was designed to accommodate. The instructional materials were developed by the
National Energy Foundation which is a non-profit educational organization devoted to the development
of instructional materials and the implementation of innovative teacher training and student programs.

The Subsidence District realizes that the education of our young people will have the most benefit over
the longest term, and looked for a program that would involve the students, teachers and their families and
homes. The "Learning To Be Water Wise & Energy Efficient" program addressed all of these areas. The
target audience over this large area includes 34 school districts, 500+ elementary schools, and numerous
public water suppliers.

Innovative Aspects of the Program:

1. The program addresses an important subject; water and energy conservation.
2. The program encourages water and energy conservation practices at home.
3. Students become involved in active, meaningful learning.
4. The content relates to the required school curriculum. The program teaches many concepts required

in the elementary curricula. Many science curricula include concepts about water use as well as related
actions that foster good stewardship of the environment. Math games and problems enable students
to practice their emerging math skills. Word searches and puzzles provide opportunities to use
communications and language arts skills. Teacher-led discussions about water use policies can relate
to the social studies curriculum. Optional art activities are also included.

5. The program involves parents in significant activities with their children. Parents, all too often, are
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left out of the learning process involving their children. This is true despite the widely-held view that
parents can provide needed support and encouragement to their children's learning. This program
involves parents extensively.

6. The program is easily managed by the teacher, very "teacher friendly"!

Incentives for the Program

The program also utilizes a unique system to remove the disincentive for water conservation, called the
Groundwater Bank.

The Subsidence District has developed an incentive package to encourage participation and partnerships
in the program with a "groundwater banking credit" for participating sponsors:

*• The Sponsor shall receive a Certificate of Deposit for water conservation credit equal to 84,000 gallons
of groundwater for each student sponsored each year. This amount was computed by multiplying the
1400 gallon savings resulting from the MUD#55 Study referred to earlier in this application, multiplied
by 12 months and then multiplied by 5 years.

*• The Sponsor may hold, transfer, sell or redeem the Groundwater Certificate of Deposit at any time
during the next 40 years.

> Redemption of the Certificate of Deposit requires the Subsidence District to increase the redeemer's
groundwater allocation by the amount of the water conservation credit. This absolute right to increase
the groundwater allocation does not in any way affect the other terms and conditions of the
groundwater permit and all groundwater withdrawals will be subject to the permit fees and other rules
of the District in effect at the time of the permit.

Benefits to the Environment

This project benefits the environment through water conservation and energy conservation. Both the
changed water use habits created through the educational aspect and the actual water saved by the
plumbing retrofit devices will directly result in water savings. The energy savings will occur as less energy
is used to heat the water for showers. The realized water savings are primarily directed at sink and shower
use and will also directly result in less water being generated, creating new wastewater capacity in existing
plants and lowering the amount of discharge to the environment.

Measuring the Success of the Program

The Subsidence District's Study, "Effectiveness Of Retrofit In Single Family Residences And Multi-
Family Projects," reported an average water savings of 1,400 gallons per month, per household in 600 area
homes after installation of the fixtures in the "Learning To Be Water Wise and Energy Efficient" kit.
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Using a much more conservative, but widely accepted range of 400 to 500 gallons per month for fixtures
of this type and expanded area wide, the fifth grade class of '96 will save 300,000,000 gallons of
groundwater and waste water every year, for years to come. Five years of the program at the fifth grade
level in an area this size will conserve:

4,500,000,000 Gallons of Groundwater
4,500,000,000 Gallons of Waste Water

23,000,000 Therms of Natural Gas, or
470,000,000 Kilowatt Hours of Electricity, and

165,000 Tons of Air Pollutants

These impact estimates are well below those in the engineering data. Conservation could easily exceed
the above amounts 25 to 30 percent. Even at the minimums, however, the concept of "education with
empowerment" is certainly the most cost-effective, long term, home conservation and utility cost
containment program yet initiated in the United States. It goes well beyond any other available measures
in reducing residential water shortages, water quality problems, overpumping of groundwater, overtaxing
and costly building of municipal sewers and waste treatment facilities, excessive draw down of natural gas
reserves and the needless construction of new power plants and dams.

Interaction With State Education Agencies

The "Learning To Be Water Wise & Energy Efficient" program has been designed to use from 4th to 8th
grade. The Texas Education Agency has certified the program in their Texas Environmental Education
Advisory Council (TEEAC) Program. The Subsidence District is able to offer in-service workshops to
teachers and they receive credit toward their environmental certificates. The in-service workshops are
three hours and six hours in which water issues, resources, teaching methods and application of materials
is taught.

Partnership Goals

The Subsidence District is coordinating this regional program and putting together partnerships between
public water suppliers, ie: cities, water authorities, utility districts, and the public schools. The District is
also working with private business and corporations to partner with private and home school organizations.

Exceptional Aspects of the Program

»• First, it combines education with implementation, which will provide highly effective results.
* Second, it combines changes in water use habits (an active element) with plumbing retrofit devices (a

passive element).
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*• Third, it creates partnerships between schools, water suppliers, residents, and the regulatory agency.

> Finally, the Groundwater Bank CD's create a unique incentive to conserve.

Because of the difference in cost between groundwater and surface water, these certificates may actually
result in a positive cash flow for the sponsors. The effort of the certificate is twofold: 1) It removes the
financial and regulatory disincentives for water suppliers to promote water conservation and 2) it transfers
groundwater pumpage from 1994 to some point in the future, allowing the conservation habits to take hold,
resulting in greater overall water savings.

Success of the Program

The "Learning To Be Water Wise & Energy Efficient" program began hi the Fall, '94 school term. At the
beginning of the school term in 1996, there were 60,000+ Th grade students who had participated in the
program. Every school district in the three-county area has schools participating and several districts have
all of their schools involved. The District plans to continue this project for a five-year period and will do
that on a year to year basis as the evaluations determine that the program is achieving the results required.
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LEARNING TO BE WATER WISE & ENERGY EFFICIENT
KEEW GROWING & ENERGIZING!!

During the first year 1994-95
20,000+ students participated

During the 1995-96 school year,
40,000+ students participated

and in the '96-'97 school year
the numbers are going to exceed the previous two years!

The cooperation of Cities and Water Districts, along with the private sector in
this unique partnership is unprecedented as they recognize the long-term
benefits of participation in educational programs for future generations.

Partners are increasing each year:
12 Municipalities

100+ Water Utility Districts
5 Private/Corporate Entities

1EARNENG TO BE WATER WISE & ENERGY EFFICIENT-
IS THE RECIPIENT OF:

"1996 Governor's Award for Environmental Excellence"
in Education/Clean Texas 2000

"1996 Outstanding Water Conservationist of the Year"
Texas Water Conservation Association

"1995" Leadership in Water Conservation Award"
Educational Mentor Category

U.S. Department of Interior's Bureau of Reclamation
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The Texas Clean Rivers Program:
The Upstream Link to Galveston Bay Management

Gary Mitchell
Houston-Galveston Area Council (H-GAC)

The Texas Legislature in 1991 passed the Texas Clean Rivers Act (Senate Bill 818). Emphasizing a
regional, watershed-based approach to water quality management, the Act requires an assessment of water
quality issues and management strategies in each of the state's 23 major river and coastal basins. H-GAC
is leading this assessment effort for the San Jacinto River Basin and several coastal basins in the area,
which together cover many of the key watersheds and tributaries that drain to Galveston Bay from the west
and north (the Trinity River Authority is leading the assessment effort in its large river basin, which also
is a critical input to Galveston Bay).

When the Texas Clean Rivers Program was initiated in 1992, the Galveston Bay National Estuary Program
was already several years into its five-year mandate to complete a wide-ranging assessment of bay
resources and issues and develop a comprehensive management plan. Since that time, the Clean Rivers
Program has provided valuable support to bay management efforts through its identification and evaluation
of upstream water quality concerns, coordination of water quality monitoring efforts, complementary
public outreach activities, and logistical support to the Galveston Bay Estuary Program in the areas of data
management and Geographic Information System (GIS) development.

Objectives

In its authoritative State of the Bay report (GBNEP-44), the Galveston Bay National Estuary Program
highlighted the generally good conditions in the open bay while confirming a variety of definite and
potential water quality concerns in the bay's tributaries. Through the Clean Rivers Program, H-GAC has
focused its efforts on identifying known and potential impairments to the designated uses of area rivers,
creeks, bayous, lakes and bays. The Clean Rivers Act also required the creation of a regional Steering
Committee to support the basin assessment, and H-GAC has used this committee to set priorities for
ongoing study and management actions.

Under the Clean Rivers Program, H-GAC also had to pursue several tasks which the National Estuary
Program was working toward at the bay level. Foremost among these were the drafting of a coordinated
strategy for ongoing water quality monitoring in the area and an accompanying plan for coordinated data
management.
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Method

By 1994, H-GAC and the other lead assessment agencies statewide had identified various water quality
"concerns" and "possible concerns" in their basins. They did so by applying a data screening process to
available surface water quality monitoring data (from the Texas Natural Resource Conservation
Commission and the U.S. Geological Survey) for roughly a 10-year period from 1982 to 1992. H-GAC
recently completed its 1996 Clean Rivers Program report, in which it refined the 1994 findings through
further study and by incorporating more recent sampling data through 1995.

In addition to drawing on existing water quality data, H-GAC has been able to sponsor some limited new
studies. 1995 marked the start of a much-anticipated water quality investigation of Dickinson Bayou in
Galveston County. The project is designed to assess the extent and impacts of pollutant loadings into the
bayou from storm runoff in the surrounding watershed. H-GAC is pursuing this project through an
agreement with the U.S. Geological Survey and in partnership with TNRCC Region 12, the Galveston
County Health District, Galveston County Water Control & Improvement District No. 1, the City of
League City, and the Natural Resources Conservation Service (formerly the U.S. Soil Conservation
Service). The U.S. Geological Survey expected to complete all elements of a one-year monitoring program
by late 1996, and a final report of findings is anticipated in Spring 1997.

To improve ongoing data collection efforts hi the area, H-GAC picked up in 1995 where the Galveston Bay
National Estuary Program had left off at the end of 1994 with its Regional Monitoring Program for the
Galveston Bay Plan (GBNEP-45). H-GAC formed a Regional Monitoring Group to begin the interagency
coordination and plan development process that would, in effect, extend the bay monitoring strategy
upstream into the freshwater tributaries covered by the Clean Rivers Program. Monitoring agencies and
organizations represented on this work group include:

Municipal
City of Houston Department of Health & Human Services, Environmental Health Division, Bureau of

Public Health Engineering
City of Houston Department of Public Works & Engineering

County
Galveston County Health District
Harris County Pollution Control

Regional
Galveston Bay Estuary Program
San Jacinto River Authority
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State
Texas Department of Health
Texas Natural Resource Conservation Commission
Texas Parks & Wildlife Department
Texas Water Development Board

Federal
National Marine Fisheries Service
U.S. Environmental Protection Agency
U.S. Fish & Wildlife Service
U.S. Geological Survey

Private
Galveston Bay Foundation

While all of these agencies have come together on a purely voluntary basis, what is motivating their
participation is the fact that the Clean Rivers Program will enable H-GAC to serve as a regional
clearinghouse so that all monitoring data will come to one central location. The clearinghouse concept will
be built around the Internet, allowing for fast and convenient exchange of data between the agencies and
other interested groups. And all of these agencies have agreed to collect their data under a single regional
Quality Assurance Plan so that their data will be consistent and "shareable" in support of the clearinghouse
idea.

H-GAC also is using the Clean Rivers Program to respond to concerns that regulatory agencies are making
permitting and other decisions based on assumptions in the absence of adequate information on actual local
conditions. Through Clean Rivers, H-GAC is sponsoring a study of actual low-flow conditions in the
region's streams, which is very important information in the discharge permit process for both the
applicant and the Texas Natural Resource Conservation Commission (TNRCC). H-GAC also is joining
with the U.S. Geological Survey to complete a bioassessment study of how fish and other aquatic life are
affected by water pollution in the region, which will be important new information to guide water quality
management efforts.

Results

Through its assessment efforts under the Clean Rivers Program, H-GAC has shown that one can find
examples in the region of both high-quality, largely unimpacted waters as well as streams and bays that
have clearly been degraded by nearby human settlement and development activities. Specifically, H-GAC
has identified concerns and possible concerns related to nutrients, elevated bacteria levels, total dissolved
solids, trace metals, and other water quality parameters (all of which are detailed in H-GAC's 1996
Regional Assessment of Water Quality). The result is that, amid an overall trend of generally good and
improving water quality in area drainage basins, there still are problem areas to address and issues on
which management agencies and residents must focus.
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But underlying all of this is the overriding, long-term challenge for regional water quality management:
to maintain and, where possible, improve the quality of area waterways despite the cumulative impacts that
will come with projected population growth and ongoing urban development. And perhaps the most
formidable task is the need to manage widely-dispersed, largely unregulated activities that contribute to
"nonpoint source pollution," especially with diminishing returns from more stringent regulation of
municipal and industrial "point source" discharges after several decades of significant progress there.

Now well into its fifth year, this unique state program has enabled H-GAC to create a regional forum for
consideration of these water quality issues and priorities among local governments, resource agencies,
business and industry, agriculture and forestry interests, conservation groups, and various other basin
interests. Along with its member local governments, H-GAC had already been involved in regional water
quality management for 20-plus years under the federal Clean Water Act. But the Clean Rivers Program
has given H-GAC a clear leadership role ~ and the resources to make significant progress on several
regional management priorities. Chief among these has been the Steering Committee's desire to use the
Clean Rivers Program to improve water quality management capabilities here at the regional level.

And by coordinating its Clean Rivers activities with the Galveston Bay Estuary Program office, H-GAC
has already helped to implement several important recommendations in the Galveston Bay Plan,
specifically in the areas of regional monitoring, GIS and data management. In particular, when it came
time for the Estuary Program to reconvene a monitoring committee for the plan implementation phase
under the newly-formed Galveston Bay Council, H-GAC and GBEP were able to build on H-GAC's
existing Clean Rivers Regional Monitoring Group and form a joint committee to address the needs of both
programs.

Just as the National Estuary Program resulted in unprecedented intergovernmental and public/private
coordination to better manage Galveston Bay, the Clean Rivers Program is an innovative water quality
program that has placed Texas in the lead among the states. Thanks to Clean Rivers, Texas has continued
to make progress on water quality concerns in the 1990s even as Congress has failed to reauthorize the
federal Clean Water Act for several years.
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The Watershed Management Approach:
Potential Impacts on Fresh Water Inflows

Susan S. Branning
Region 6, U.S. Environmental Protection Agency

In the past 20 years, substantial reductions have been achieved in the discharge of pollutants into the
nation's air, land and water. The federal laws that protect these resources have successfully reduced point
sources of pollution. However, an integrated environmental management approach, which is now critical
to address the remaining sources of pollution, has not been promoted by existing legislation. This has lead
to program-based organizational structures within the Environmental Protection Agency (EPA) and the
states that do not facilitate inter-program coordination on a watershed level. Consequently, significant
gaps exist in our efforts to protect watersheds from the cumulative impacts of a multitude of land and water
use activities that affect water quality.

The watershed approach has recently been adopted by many Federal, state and Tribal agencies to address
this need for program integration. Watershed management is being used as a flexible framework for
focusing and integrating current conservation efforts and exploring new ways to reduce water pollution.
The watershed approach is the process among partners in a drainage area to identify and manage all
pollutant loadings through cooperative actions. This provides a framework to integrate point and nonpoint
sources of pollution, and consider the cumulative effects of pollution on water resources. EPA has
established four guiding principles to move our water protection activities away from a program specific
focus towards an integrated watershed approach. They are:

1. Geographic Focus - Management activities will be directed within specific geographic areas, typically
the areas that drain to surface water bodies or that recharge or overlay ground waters.

2. Action Driven by Environmental Objectives and by Strong Science and Data -EPA will use an
iterative process to address resource characterization, identify environmental objectives, establish
priorities, develop and implement action plans, and evaluate environmental improvement.

3. Partnerships - Strong partnerships between industry, local citizens, and Tribal, state and Federal
agencies are the key to successful watershed protection.

4. Coordinated Priority Setting and Integrated Solutions - Through coordinated efforts, appropriate
parties can establish priorities and take actions based upon the consideration of all environmental issues
in a watershed, including public health as well as the need to protect critical habitat and biological
integrity.

It is important to note that the states and Tribes are the ultimate leaders in watershed planning and
mplementation. EPA's role is one of assistance to the states/Tribes as they implement institutional
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changes and innovative controls to manage watersheds. This means that EPA water programs will focus
on investing in state/Tribal reorientations towards the watershed approach, and realignment of Federal
services to meet local needs as defined through state programs.

The Texas Natural Resource Conservation Commission (TNRCC) is currently implementing a
comprehensive approach to better coordinate and integrate water resource management activities by river
basin. This approach is guided by the Texas Clean Rivers Program (CRP) and the Permit by Basin Rule.
The Clean Rivers Program has provided the geographic focus and stakeholder involvement necessary for
successful watershed management. Representatives from various levels of government, the business
community, agriculture and the public will be engaged in the watershed assessment and prioritization
process through CRP steering committees. The Permit by Basin Rule has sequenced National Pollutant
Discharge Elimination System permits by river basin using a five year cycle. This rule has established a
framework from which watershed management in the state of Texas can be expanded upon for many other
areas of water quality management.

Watershed Management and Freshwater Inflows

In the Houston/Galveston area, the quantity and quality of freshwater inflows from the Trinity River, the
San Jacinto River and local urbanized subwatersheds are critical to the health of Galveston Bay. The move
towards a comprehensive watershed approach at the Federal and state level will provide opportunities to
improve the quality of waters upstream that ultimately impact sensitive coastal waters. One of the benefits
the watershed approach can offer to improve freshwater inflows is enhanced stakeholder involvement
upstream within the watershed. Through the Texas Clean Rivers Program, representatives throughout the
Trinity basin are involved in watershed assessment and management decisions that can improve the quality
of water reaching Galveston Bay. This connection between upstream and downstream users is
fundamental to successful watershed management.

In an effort to improve the way we measure our success in watershed management, the EPA is promoting
the use of environmental indicators in lieu of the programmatic measurements used in the past. This
means, for example, instead of reporting on the number of actions taken to protect water quality, we will
report on the actual improvement or impairment of water quality. Several indicators may help determine
long term health trends for the Galveston Bay area, including a measure of healthy shellfish growing
waters, wetland acreage and estuarine eutrophication conditions. This improvement in the way we
measure our success can have a direct impact on the delivery of clean, fresh water to Galveston Bay by
showing a true picture of water quality and habitat conditions.

Watershed management techniques are also changing regulatory processes at the Federal and state level.
The Permit by Basin Rule, adopted by the TNRCC on January 3,1995, requires comprehensive evaluation
of the cumulative effects of multiple permitted discharges on water quality. This rule allows the TNRCC
to bring greater consistency to the permitting process, and the 5 year schedule promotes the sequencing
of any monitoring or modeling that should be completed before permits are issued. The Total Maximum
Daily Load (TMDL) program at both the state and Federal levels is also receiving a great deal of emphasis
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in the move towards watershed management. TMDLs are an important component of water quality
management and EPA's approach to this program promotes a watershed protection driven by local
conditions and state priorities. The TMDL process provides a mechanism for integrating the management
of both point and nonpoint sources that together may contribute to a waterbody's impairment. TMDLs
serve as the technical backbone of localized watershed management, and can identify the current loading
and assimilative capacity of waterbodies so effective management techniques can be used to ensure that
water quality is maintained.

There is a growing understanding that the watershed protection approach is the most sensible way to
protect our water and to preserve and enhance our environment. Regardless of the concern, fresh water
inflows, habitat improvement, or the presence of human pathogens, an integrated watershed approach to
water quality management is required to address the problem. Full implementation of the approach is a
long term commitment that will require cooperation at many levels of government and with industry and
public partners. EPA is committed to supporting state, Tribal, Federal, local and community watershed
protection efforts by targeting our resources towards locally identified priorities and by serving as a
catalyst for local watershed stewardship. The Galveston Bay National Estuary Program is an excellent
example of local stewardship and state leadership, and it will serve as a foundation for watershed
implementation throughout the State of Texas.
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Quality of Storm Water Runoff from Urbanized
Houston Metropolitan Area

Min Chu, P.E.
Turner Collie & Braden Inc.

During the years 1992 and 1993, the City of Houston, Harris County, Harris County Flood Control
District, and the City of Pasadena conducted representative storm water sampling from a total of 15 sites
located in the urbanized Houston metropolitan area. The storm water sampling effort was in response to
the U. S. Environmental Protection Agency (EPA) storm water NPDES permitting requirements. EPA
stipulated that the storm water sampling should be representative of commercial, residential, and industrial
land-use activities of the drainage area contributing to the municipal storm sewer system. In response to
EPA requirements, storm water
representative sampling was conducted for
the following four land-use categories:

• single-family residential
• multi-family residential
• commercial
• industrial

Three different sites from each land-use
category were chosen for representative
sampling purposes. Three additional sites
where drainage areas were primarily
undeveloped also were selected to
establish baseline water quality conditions.
As a result, representative sampling was
conducted for 5 different types of land
uses and from a total of 15 sampling sites.
These locations are shown on Figure 1.
The drainage areas contributing to the
storm sewer systems ranged from 7 to 872
acres, with an average area of 140 acres.

The primary purpose of the sampling was
to determine the event mean
concentrations (EMC) of storm water
runoff from each of the five unique land-
use categories. The EMCs were subsequently used to estimate annual pollutant loads from each major
watershed.

33



Manual sampling procedures were utilized to collect samples. Sampling was initiated approximately 20
minutes after the first runoff discharge, and grab samples were collected at 20 minute intervals. Storm
runoff flow rates were measured each time an individual sample was taken. Composite samples were flow-
weighted.

A representative storm is a storm that is typical for the area in terms of duration, volume, and intensity.
For representative sampling, the storm should have a volume greater than 0.1 inch, should be preceded by
at least 72 hours of dry weather, and should not vary by more than 50 percent from the average rainfall
volume and duration, where feasible. The annual average rainfall duration, volume, and intensity for
Houston were determined to be 8 hours (duration), 0.78 inch (volume), and 0.14 inch/hour (intensity). Six
representative storm events were sampled at each site.

All samples were handled under chain-of-custody procedures. A Qualify Assurance/Quality Control plan
was prepared and implemented for sampling and analytical work. Sample collection was conducted in
accordance with procedures specified in 40 CFR 122.21(g)(7), while analytical methods were based on
40 CFR Part 136.

The parameters analyzed included the following:

Total Suspended Solids Total Phosphorus Antimony Mercury
Total Dissolved Solids Dissolved Phosphorus Arsenic Nickel
BOD5 Fecal Coliform Beryllium Selenium
COD Fecal Streptococcus Cadmium Thallium
Total Nitrogen pH Chromium Silver
Total Kjeldahl Nitrogen Oil and Grease Copper Zinc
Nitrate plus Nitrite Total Phenol Lead Total Cyanide

The 40 CFR 122.21(g)(7) regulation required collection of composite samples for the above parameters
except for pH, total phenol, total cyanide, oil and grease, fecal coliform, and fecal streptococcus, which
require grab samples. In addition to pollutants listed above, grab samples also were tested for the existence
of volatiles, semi-volatiles, and pesticides/biphenyls, pursuant to the sampling requirements established
by EPA.

The sampling results indicated that very few organic pollutants (i.e., volatiles, semi-volatiles, and
pesticides/biphenyls) were detected in the storm water runoff. Out of the 92 samples collected through the
representative sampling effort, 6 samples from single-family residential, 4 from multi-family residential,
3 from industrial, 1 from commercial, and 1 from undeveloped areas had certain parameters above
detection limits.

Two samples had levels of ethylbenzene and toluene in the 19 to 50 ug/1 range; seven samples had bis (2-
ethylhexyl)-phthalate in the 12 to 35 ug/1 range; three samples had one of the BHC components slightly
above detection limit; one sample indicated 1,1,1-trichloroethane at 6 ug/1; four samples showed methylene
chloride in the 15-20 ug/1 range; and one sample indicated diethyl phthalate at 17 ug/1.
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For certain conventional pollutant parameters, Table 1 presents a comparison of mean concentrations of
storm water runoff between the Houston program and the Nationwide Urban Runoff Program (NURP)
conducted by EPA in the 1980s. In general, quality of storm water from the Houston area is similar to that
of the rest of the nation. However, the Houston results show lower metal concentrations than the NURP
results in most land-use categories. Concentrations of 5-day Biochemical Oxygen Demand (BOD5) in
Houston area runoff are slightly higher than the national average while concentrations of Chemical
Oxygen Demand (COD) in this region are slightly lower than NURP results except for the undeveloped
areas. Because of high variability of Total Suspended Solids (TSS) in the storm water runoff, no
meaningful comparison can be made. For commercial areas, the results do show that Houston has lower
TSS but higher BOD5 concentrations than the national average. Nutrient levels are almost identical for
both programs. It should be noted that NURP study did not distinguish between single-family and multi-
family land uses, and water quality data for industrial land use were unavailable.

TABLE 1 Comparison of Storm Water Runoff Quality - Houston V.S. NURP Results

Parameters and
Source of Data

TSS

BODS

COD

TKN

Total P

Copper

Lead

Zinc

NURP

Houston

NURP

Houston

NURP

Houston

NURP

Houston

NURP

Houston

NURP

Houston

NURP

Houston

NURP

Houston

Undeveloped

No. of
Samples

133
19

N/A
19
40
19

120
19

144
19

N/A
18

115
18
44
18

Mean
(mg/1)

216
171

N/A
7.1

50.7

57.6

1.4
1.3
0.2
0.2

N/A
0.030

0.055

0.060

0.234

0.060

Single-family
Residential

No. of
Samples

1102

19
134

18
913

18
904

19
1029

18
468

17
802

17
797

17

Mean
(mg/1)

140
224
10.8

12.6

83.3

50.7

2.4
2.1
0.5
0.5

0.046

0.030

0.180

0.070

0.176

0.070

Multi-family
Residential

No. of
Samples

1102

20
134
20

913
20

904
20

1029

20
468

20
802
20

797
20

Mean
(mg/1)

140
102

10.8

13.1

83.3

59.7

2.4
1.7
0.5
0.3

0.046

0.070

0.180

0.070

0.176

0.100

Industrial

No. of
Samples

N/A
19

N/A
18

N/A
18

N/A
19

N/A
18

N/A
18

N/A
18

N/A
18

Mean
(mg/1)

N/A
170

N/A
9.8

N/A
76.1

N/A
1.8

N/A
0.6

N/A
0.030

N/A
0.070

N/A
0.160

Commercial

No. of
Samples

309
21

171
21

243
21

223
21

307
21

152
21

298
21

221
20

Mean
(mg/1)

91
29
9.7

17.4

61.2

56.6

1.3
1.3
0.2
0.1

0.037

0.020

0.126

0.050

0.331

0.160

NA = Not Available

As shown in Table 1, relatively few samples have been collected for the Houston area and meaningful
statistical evaluation is not feasible at this time. As more samples are collected and analyzed during the
NPDES storm water permit term, the quality of storm water runoff from the urbanized Houston area can
be better defined.
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Galveston Bay Seafood Safety

Richard E. Thompson, R.S.
Director

Seafood Safety Division / Texas Department of Health

Seafood safety, as monitored by the Seafood Safety Division of the Texas Department of Health (TDH)
is divided into two areas: molluscan shellfish; and other aquatic life. Molluscan shellfish (oysters, clams
and mussels) safety is monitored by the Classification Branch and the Certification Branch. Other aquatic
life is monitored by the Survey Branch. This division deals with the harvest area safety of all seafood and
the processing and distribution of oysters, clams and mussels and picked crab meat. Processing and
distribution of all other seafood and seafood products is under the jurisdiction of the Manufactured Foods
Division and the Retail Foods Division at TDH.

Molluscan shellfish growing areas are surveyed and classified into one of four designations in Texas. A
four part sanitary survey, including pollution source survey, hydrographic survey, meteorological survey
and bacteriological survey, determines those areas which meet the stringent requirements established in
the National Shellfish Sanitation Program (NSSP). The areas are classified as: Approved (allowing
harvesting for direct delivery to market); Conditionally Approved (requiring closure under certain
monitorable conditions but allowing direct market harvesting when open); Restricted (not allowing
harvesting except for some type of cleansing activity before marketing); and Prohibited (not allowing
harvesting for human consumption).

The most significant contributor of pollution in the Galveston Bay system which affects molluscan
shellfish classification is non-point runoff. Rainfall and river flow are the monitorable conditions which
control the three Conditionally Approved areas. The Conditionally Approved areas and the Restricted
areas in Galveston Bay are primarily a result of exceeding the fecal coliform guidelines established in the
NSSP. The bacteriological guidelines for shellfish are fourteen times more stringent that swimming water
levels. There is a great deal of concern that the fecal coliform guidelines are more restrictive than
necessary because the laboratory analysis may identify bacteria which are not truly fecal in origin.
However, until a national indicator study is completed to establish and verify a new indicator organism,
the Texas Shellfish Program has no choice but to continue use of fecal coliform. While the study is not
currently funded, about fifty percent of the work has been completed and there is some hope that funding
will be made available in the future. In the meantime, the three involved federal agencies are trying to
direct other research activities that are funded toward completing studies that can assist in moving the
indicator study forward.

There are no trends in molluscan shellfish classifications in Galveston Bay. Most of the changes that have
occurred in the last several years have been the result of improvements in sampling capability and the
ability of TDH to pay for placing additional markers in the bay. Both are made possible by the Oyster
Sales Fee established by the industry to provide funds for these and other activities. Because of the nature
of the program, the targeted sampling, the problems with the indicator organism, and a myriad of other
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factors, the molluscan shellfish classifications and changes in them must not be used as an indicator of
pollution in the bay system. This program is very specific, for one commodity eaten in an unusual way
(raw whole consumption), and is not accurately representative of other pollution concerns.

The analysis of other aquatic life is focused on chemical concerns. Because of their feeding mechanisms
and their preparation before consumption, other seafood does not represent the bacteriological hazards of
molluscan shellfish. Collection and analysis of seafood tissue samples from growing areas and resulting
risk assessment indicates where one or more species may be unsafe for human consumption. The risk
assessment will indicate whether: there is no risk in consuming the seafood; there is some risk from long
term continued consumption (chronic); or there is a risk if even a few meals are consumed (acute). If the
risk is acute, TDH can declare the area Prohibited for the taking of involved species. This makes it a
violation of law to posses indicated species from that area. If the risk is chronic, TDH can issue a
Consumption Advisory indicating what levels may be safely consumed. The consumption advisory has
no legal effect, but represents warning to consumers so they can make informed decisions about the safety
of their foods.

A question which continues to concern many people is commercial harvesting from areas where TDH has
issued a consumption advisory. There should be no fear of these products because of a phenomenon called
"market dilution". Commercial fishermen do not always fish in the same area, and even if they do, they
fish in many different areas and mix the caught species together. In addition, wholesale and retail fish
markets buy products from many different fishermen. Therefore, even when a consumer goes to a specific
fish market regularly, the consumer will buy products that have been harvested from different areas. This
does not present the long term continued consumption pattern that is a safety hazard. The real concern is
for the recreational fisherman who has a particular favorite spot where he or she always catches fish or
crabs or shrimp. If they go there repeatedly, or they fill their freezer with seafood from one successful trip,
then the family will be exposed to the long term continued consumption of products from that area. This
can result in health problems if the seafood is contaminated.

Currently in the Galveston Bay system, the only consumption advisory is for all species of catfish and blue
crabs in the Houston Ship Channel and all contiguous waters and upper Galveston Bay north of a line
drawn from Red Bluff Point to Five Mile Cut Marker to Houston Point. The recommendation is no more
than one meal, not to exceed eight ounces, each month. Women of childbearing age and children should
not consume any catfish or blue crabs from this area. The chemical of concern is dioxin. While levels in
oysters have decreased to the point that the area has been reclassified from Prohibited to Restricted, levels
in catfish, and crabs have not shown the same decrease.

The major problem in the Survey Branch is insufficient laboratory capability. The current TDH laboratory
simply cannot handle the sampling load needed. TDH has tried contracting with other laboratories for
analysis but has been unsuccessful in finding a laboratory that can produce the necessary levels of
detection, quality control and turnaround time. While TDH is currently in the planning stage for a new
laboratory building with increased analysis capability, relief is many years away. In the meantime, the
program continues to sample identified areas of concern on a limited basis as priorities dictate. The result
of this situation is that TDH is sampling only a few of the sites of concern, and is certainly not conducting
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routine growing area sampling to look for undetected concerns. TDK continues to look for alternative
methods to improve the sample analysis capability, and will conduct studies as rapidly as possible.
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The Status and Trends of Selected Marine Resources of Galveston Bay:
An Overview

Lance Robinson
Coastal Fisheries Division

Texas Parks and Wildlife Department

The Coastal Fisheries Division of the Texas Parks and Wildlife Department (TPWD) has collected data
on selected marine resources of Galveston Bay since the mid-1950's. The objectives of the Division were
defined and programs developed in the spring of 1975 to provide statistically valid data by which the
TPWD Commission can regulate coastal finfish and shellfish resources. Fisheries dependent and fisheries
independent sampling programs are utilized to determine long term trends in relative abundance,
distribution, species composition, harvest and mortality of marine resources. Tools available to the
Commission for management of saltwater finfish and shellfish resources include regulation of means,
methods, times and places. Long-term trends also provide valuable information on the state of the resource
in the event of natural or man-made disasters.

Methods

Fisheries independent monitoring programs are designed to sample finfish and shellfish resources at
various stages in their life cycles and are conducted by Coastal Fisheries staff. Four main sample gears
are utilized in the collection of data: bag seines, trawls, gill nets, and oyster dredges. Over 800 fisheries
independent samples are taken in Galveston Bay annually. All organisms collected are identified, counted
and sub-sampled for length. Basic water quality parameters (salinity, temperature, dissolved oxygen and
turbidity) are also collected with each sample.

Fisheries dependent monitoring programs are designed to assess both sport and commercial fishing
success. Information on recreational landings are collected through the Sport Harvest Monitoring Program.
Over 140 recreational fishing surveys are conducted annually in the Galveston Bay system. These surveys
target private-boat fishing activity throughout the bay. Seasonal landings, angling pressure, catch per unit
effort, average length and weight of species, species composition, and angler socio-economic information
are collected.

Commercial landings data are collected through a legislatively mandated monthly reporting system
requiring seafood dealers to report their purchases of aquatic products. These reports include information
on the quantity, ex-vessel value and capture location of commercial species taken from Texas waters.
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Results

In terms of overall finfish recruitment, long-term trends in Galveston Bay continue to increase. Catch rates
(no./ha) of total finfish from bag seines have increased over 70% since 1984, and catch rates (no./hour) of
total finfish from 6.1 m trawls have increased over 250% from 1983 to 1995. However, these positive
results are not being realized when the adult population is sampled. Catch rates for Atlantic croaker caught
in spring gill nets have decreased 45%; Southern flounder catch rates have decreased 69% and 37% in

spring and fall gill nets, respectively,over the thirteen year period.

Blue crabs also show declines, both in catch rate and average size from TPWD trawl catches in Galveston
Bay (67.1% and 34.2%, respectively). Bag seine data show a 60.0% decrease in catch rate and a 27.2%
decrease in mean carapace length. Commercial landings of blue crabs have fallen steadily since 1986
(49.04%) while price per pound has risen over 112%. Commercial fishing pressure on crabs has increased
approximately 92% since 1985 as determined from 1996 aerial crab trap surveys conducted in Galveston
Bay.

The recreational fishing pressure in Galveston Bay is extremely high. Recreational private-boat fishing
pressure and landings from Galveston Bay comprised 41% and 34%, respectively, of the ten-year
coastwide averages (1983-1992). Over 1.7 million man-hours were expended by private-boat fishermen
in 1992. Almost 60% of the Atlantic croaker coastwide landings and over 45% of the flounder landings
came from Galveston Bay.

Several actions have recently been implemented by TPWD to curb some of the trends seen in this data.
Bag and size limits for flounder have been changed for both recreational and commercial fishermen
Workshops are being held with members of the commercial crab industry to identify ways to help reverss
the declining trends in market-size crabs, and the bay shrimp industry is actively involved in trying t<
develop ways to reduce by catch in their fishery. The use of standardized monitoring programs combine
with input from recreational and commercial constituents are crucial in maintaining viable recreational an
commercial fisheries in Texas.
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Developing a State Wetlands Conservation Plan for Texas

Julie Anderson
State Wetlands Planner

Texas Parks and Wildlife Department

The Texas Parks and Wildlife Department, in cooperation with numerous entities, has been developing
the State Wetlands Conservation Plan (SWCP) for Texas since April, 1994. The SWCP focuses on non-
regulatory, voluntary approaches to conserving wetlands. Its primary contribution to wetlands conservation
include:

• Enhancing the ability of the landowner to use existing incentive programs and other land use
options through education and assistance;
Developing and encouraging the use of land management options that provide an economic
incentive for conserving existing wetlands or restoring former ones; and,

• Coordinating regional wetlands conservation efforts.

The planning process was initiated in September, 1994, with a Statewide Scoping Meeting for the State
Wetlands Conservation Plan. Participants represented a broad spectrum of wetlands interests, including
landowners, state and federal agencies, conservation, agriculture, forestry, and business. The scoping
meeting provided participants with an opportunity to apply their expertise to Plan development.

Participants overwhelmingly supported landowner involvement during all stages of Plan development.
Participants identified three principal needs:

• Information transfer to each other and to agency representatives;
• New private lands incentives that would encourage landowners to conserve wetlands on their lands;

and,
• Increased monitoring of wetlands projects and research on conservation options such as new

conservation funding sources and mitigation banking.

In January, 1995, the Statewide Coordination Group, formed by the Texas Parks and Wildlife Department,
began developing the Plan. The Statewide Coordination Group consists of public and private sector
representatives who have a statewide interest in the Plan. This group was responsible for:

• Providing feedback and support to guide the direction of the SWCP;
• Receiving and responding to information and updates from regional advisory groups on plan

development;
• Providing a vehicle to convey information received from landowners and regional interests to agency

heads; and,
• Facilitating coordination, communication and cooperation among Texas resource agencies and private

groups on wetlands conservation efforts.
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Due to the extensive size and physiography of Texas, a "regional" approach was used to identify wetlands
issues and strategies, and to encompass the diverse wetlands needs and resources of Texas. The Statewide
Coordination Group worked in cooperation with three Regional Advisory Groups - one each in East Texas,
the Panhandle, and the Gulf Coast. These regions were selected because each represents large wetland
complexes, and because of their distinct socioeconomic structure and specific land uses. The advisory
groups identified sixteen regional or statewide issues associated with conserving Texas wetlands and
developed recommendations and proposals for action to address those issues. These results from the core
of the Texas Wetlands Conservation Plan.

The Regional Advisory Groups met over the course of one year to discuss solutions to five general
categories of wetlands issues that they identified:

• education,
• economic incentives,
• conservation,
• private ownership, and
• governmental relations.

Information from the three groups was combined into a single plan. The final draft, completed in
November, 1996, was available for public review. The Texas Parks and Wildlife Department currently
is seeking approval for the Plan by the Parks and Wildlife Commission, the Texas Legislature and the
Governor. The final Plan is expected in May, 1997. For more information on the Texas Wetlands
Conservation Plan, contact Julie Anderson, TPWD, at (512) 389-4328.
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Created Salt Marshes As Habitats For Fishery Species.

Thomas J. Minello
Galveston Laboratory, SEFSC, National Marine Fisheries Service

Coastal salt marshes are valuable habitats for juvenile fishery species and other estuarine nekton, and the
extent of coastal marsh has been correlated with fishery landings (Turner 1977, Boesch and Turner 1984,
Zimmerman and Minello 1984). These nursery habitats provide food for rapid growth and shelter to
reduce mortality (Boesch and Turner 1984, Kneib 1987, Minello and Zimmerman 1991). Extensive losses
of coastal wetlands in the United States caused by sea-level rise, land subsidence, erosion, and coastal
development have increased interest in the creation of salt marshes within estuaries. The habitat value of
these created marshes, however, has been questioned (Race and Christie 1982).

Within one to two growing seasons after planting, above-ground biomass in created Spartina alterniflora
marshes reaches parity with natural marshes if certain basic conditions for marsh establishment and
survival are met (Webb et al. 1978, Webb and Newling 1985, Broome 1989, Matthews and Minello 1994).
The establishment of vegetation in itself is generally sufficient to provide marsh functions of erosion
control, substrate stabilization, and sediment trapping (Knutson et al. 1982). Aside from above-ground
biomass, however, characteristics of created salt marshes often differ from natural marshes. Created
marshes generally have lower sediment organic content, below-ground biomass, densities of benthic
infaunal prey organisms, and densities of nekton on the marsh surface (Cammen 1976, Broome 1989,
LaSalle et al. 1991, Minello and Zimmerman 1992, Zedler 1993). There is some evidence that these
characteristics are linked, and that trophic support for nekton is relatively low in newly created salt
marshes. Objectives of the Fishery Ecology Division at the Galveston Lab of the National Marine
Fisheries Service have been to 1) measure relative utilization of natural and created salt marshes by fishery
species, 2) examine the development rate of created marshes in relation to their support of estuarine
organisms, and 3) obtain a better understanding of what factors are important in determining whether
created salt marshes function like natural marshes as nursery habitats.

Two studies on the Texas coast have established the relatively low utilization of created salt
marshes by some nekton. Minello and Zimmerman (1992) used a drop sampler to compare
springtime densities in three created and three natural 5". alterniflora marshes (3-5 years in age) on
the Texas coast and found overall densities of large macrofauna and decapod crustaceans were
significantly lower in the transplanted marshes. These differences were due mainly to daggerblade
grass shrimp and young brown shrimp. Diversity of decapod crustaceans was also higher in the
natural marshes. Densities of fish (mainly the darter goby and pinfish) as a group were not
significantly different between natural and transplanted marshes, and fish diversity was consistently
higher in the transplanted marshes. In a larger study often created salt marshes (3-15 years in age)
in Galveston Bay, Texas, Minello and Webb (1993) also found reduced utilization by commercially
important crustaceans; and densities of brown shrimp, white shrimp, and blue crabs in the created
marshes were only 25 to 41% of densities in natural marshes. Again, the fishes found within marsh
vegetation were predominantly gobies and pinfish, but fish densities were significantly lower by
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10 to 30 % in created marshes compared with natural marshes. The age of created marshes did not
appear to be an important characteristic governing animal use; none of the nekton or infaunal
species exhibited significant positive relationships between marsh age and animal density.

The relative value of salt marsh habitats for juvenile fishery species appears to be related to two
environmental characteristics, the amount of marsh/water interface and the elevation of the marsh
surface. Minello et al. (1994) examined the relationship between marsh edge and animal use in a
planted S. alterniflora marsh located in the Galveston Bay system. Marsh edge was increased
through the construction of channels without affecting marsh surface elevation. Use of the marsh
surface in experimental sectors (with channels) was significantly higher than in controls; densities
of brown shrimp, white shrimp, and daggerblade grass shrimp were 4.6 to 13 times higher near the
channels. These increased densities of natant fauna along the channel edge may reflect a
requirement for departure from the marsh surface at low tide. Overall, the study results indicated
that habitat value of created salt marshes can be enhanced by incorporating tidal creeks into the
marsh design. Other work has indicated that increased tidal flooding of low-elevation marsh
surfaces also increases nekton use. Thus, elevation and the amount of edge are key characteristics
affecting marsh use by nekton and should be considered in marsh construction projects.
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Status and Recent Trends of
Galveston Bay's Colonial Waterbirds

With Management Implications

Phil Glass and Will Roach
U.S. Fish and Wildlife Service

Introduction

Approximately 66 species belonging to the group popularly called "waterbirds" are known to
regularly occur in Galveston Bay and its adjacent wetlands. These are the migrant waterfowl
(approximately 31 species), regularly nesting waterfowl (2 species), migrant fish-eating birds (10
species), and colonial waterbirds (23 species). These numbers do not include vagrants or
accidentals which irregularly occur along the upper Texas coast, the group (37 species) called
shorebirds belonging to the plover and sandpiper families, or about 11 species of rails, cranes, the
wood stork, and smaller wading birds generally considered aquatic but which do not fit into the
above categories. Nor do they include wide-ranging pelagic birds which do not regularly breed on
the Texas coast.

The 23-species subgroup called colonial waterbirds is composed of gulls, terns, skimmers, herons,
egrets, cormorants, and pelicans. This subgroup lends itself to regular censusing because its
members annually aggregate during the breeding season in large, well-defined, and easily censused
colony sites. Primarily fish and aquatic invertebrate-eating birds, these birds are ideal to serve as
monitors because they are resident and widespread over most of the bay for most of the year and
they occupy the higher levels of the food chain. Also, they are susceptible to many of the factors
affecting the bay ecosystem, such as fluctuations in populations of forage species, invasions of
exotic pest species, human disturbance, erosion of intertidal and shoreline habitat, chemical
contamination, and extreme climatic conditions. We believe that accurate and long-term counts of
colonial waterbirds can be a sensitive tool to detect important biological changes to the estuary.

Census Techniques

The Texas Colonial Waterbird Census (TCWC) began on a formal basis in 1973 by the Texas
Colonial Waterbird Society to census all known Texas waterbird colonies annually during the last
week of May and first week of June. Early counts were done primarily by resource agency
biologists. In subsequent years increasing numbers of volunteers have participated. Counts are
reported on a standardized data sheet which has columns for species, reproductive stage, survey
type, number of active nests, number of adults present, number of breeding pairs, site information,
date of count, and observer names. Compilations of the data, including Galveston Bay, were
published in 1982 (Texas Colonial Waterbird Society) and 1992 (Lange 1992). The 1990
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(published in 1992) census summary of coastal colonies provided trend lines by species by coastal
region. The U.S. Fish and Wildlife Service's Clear Lake Field Office recently assumed compilation
responsibilities for the coasrwide TCWC data since 1993. A summary of the coastwide data by
colony site is expected to be available in printed and magnetic form by early 1997, to be followed
by another report providing an updated atlas of coastal colonies and species trends.

For the current paper, we updated the coastwide data through the 1996 breeding season and
separated out Galveston Bay colonies. We considered a colony as a Galveston Bay Colony if we
had information that its residents normally foraged within the bay system. For 5 years within the
1973 -1996 period, as shown in Table 1, we tabulated the total numbers of breeding pairs, colonies,
and selected species and species guilds to identify any important trends over the last 24 years.
Although there were apparent gaps in the data for certain years, the 5 years selected for analysis
each represented count periods in which at least 85% of major colonies were reported.

Galveston Bay Waterbird Trends

Total numbers and numbers of active colonies — Table 1 shows the comparison of total
numbers of nesting pairs and total active Galveston Bay colonies (including Christmas, Drum, and
Bastrop Bays) at 5 points in time over the previous 24 years. While total numbers have fluctuated
over this period, no real trend in total numbers is evident from the 1973 estimate of 54,645 through
the 1996 estimate of 48,126. Interestingly, the proportion of birds nesting in the lower (Christmas,
Bastrop, and Drum Bays) portion of the estuary has steadily increased from an estimated 447 pairs
in 1973 to 2,290 in 1996. A portion of this local increase is attributable to the artificial creation of
a black skimmer colony in an abandoned parking lot at the Freeport Dow Chemical Company
compound. This colony had 500 nesting pairs in 1996.

The number of active colonies has steadily increased from 1973 (22) to 1996 (36). It is possible this
increase is related to increased observer effort over the years resulting in more smaller colonies
being found. There were 9 small colonies (< 50 nesting pairs) reported in 1996, compared to only
2 in 1973. Alternatively, this apparent trend toward greater numbers of smaller colonies might be
a baywide response to factors such as increasing amounts of human disturbance at larger colony
sites or physical loss of some large colony sites. Examples of the latter are the loss of the 2 largest
black skimmer colonies during the early 1970's in the bay (both 1,000+ pairs), at Tiki Island and
Atkinson Island, being lost to development and erosion by 1980.

The current numbers of colonies and nesting pairs appear well within the known historic range for
Galveston Bay. However, a closer look is necessary to determine if individual species are declining
or if ratios between species or among species groups (guilds) show any patterns which could be
related to habitat changes or environmental problems. Our 1997 report(s) will provide the data base
to extend these comparisons for all Texas bay systems, and allow more extensive individual species
and species-group analyses by bay system as well.
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Table l. Galveston Bay colonial waterbirds, total nesting pairs
and nesting pairs of selected species and guilds at 5-6
year intervals from 1973 to 1996.

( ) indicate subpopulations in Christmas, Bastrop, and Drum Bays

* Marsh-feeding guild is composed of great egret, snowy egret,
tricolored heron, and roseate spoonbill.
Open water-feeding guild is composed of royal tern and Caspian
tern.
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All species

# of species

# of colonies

LAGU

Marsh /open
water guilds *

BLSK

SNEG-TCHE

OLCO

BRPE

1973

54,645
(447)

22

22(1)
2<50

35,860
(0) 66%

7,059/
2,933
= 2.4

1,873
(467)

6,850

300

0

1979

50,160
(686)

22

28(3)
5<50

32,070
(0) 64%

4,443/
582
= 7.6

2,284
(388)

2,472

392

0

1985

39,008
(1,380)

22

34(4)
8<50

22,698
(0) 58%

2,177/
4,062
= .54

2,699
(855)

1,101

285

0

1990

46,813
(2,082)

22

41(5)
1K50

17,608
(0) 38%

4,909/
5,465
= .90

1,874
(730)

1,900

1,800

0

1996

48,126
(2 ,920)

23

36(3)
9<50

19,052
(1,070)
40%

5,207/
4,645
= 1.1

2,161
(575)

2,640

1,582
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Black skimmer — The black skimmer is an intertidal marsh, lagoon, and marsh edge feeder which
nests on open shell hash or sand beaches. It occasionally nests in barren disposal areas and even
gravel rooftops, but success at these sites is usually low. Because of its specific nesting habitat and
its requirement for a feeding habitat type showing bay-wide losses, we consider it an important
indicator species.

Figure 1 shows its nesting population pattern since 1973. Numbers for the Brazoria County
(including Christmas, Drum, and Bastrop Bays) population are separated out to determine the
impact of recent artificial nesting habitat projects at Dow Chemical and San Bernard National
Wildlife Refuge. Numbers range between a high of 4,700 pairs in 1974 and a low of 900 pairs in
1977, the 1996 nesting season estimate being 2,200 pairs. The 1995 population estimates for all
species, while graphed, were not used in range estimates because sampling effort (percentage of
colonies not counted) for 1995 was considered below acceptable limits.

Tricolored heron and snowy egret — We consider this species pair an indicator guild for intertidal
marsh-feeding and medium-height brush-nesting waterbirds. Figure 2 shows the population pattern
since 1973. Numbers range from a high of 6,800 nesting pairs in 1974 down to 700 in 1992, with
1996 nesting season numbers at 2,700. The apparent trend for this species pair seems to be slightly
declining. Our 1997 data compilation will allow us to improve our comparison between marsh-
feeding and open water-feeding species.

Olivaceous cormorant — We consider the olivaceous cormorant as typical of primarily open bay-
feeding species which nest in trees. The general trend since 1973 seems to be upward (Figure 3),
with the historic low of 200 hi 1974 and the high of 1,800 in 1990. The 1996 estimate was near the
historic high, at 1,600. The 1997 data compilation will allow us to better compare all open bay-
feeders with all intertidal marsh-feeders to determine if changes in proportions of feeding habitat
bay wide could be responsible for population trends.

Problems

Human disturbance — As the estimated population of the Houston metropolitan area has
dramatically increased from 1970 to 1996, recreational use of Galveston Bay and its shorelines has
also greatly increased. Improved and affordable small fishing boats and all-terrain vehicles have
made accessible previously remote beaches, marshes, tidal flats, and islands. For example, three
of the four major black skimmer nesting beaches in 1973, Tiki Island, San Luis Pass, and Big Reef,
have been either developed as a residential project or, until recent protection efforts, overrun with
recreational vehicles to the point that successful nesting was almost stopped. Although largely
anecdotal, recent reports from field biologists and conservation groups indicate that these impacts
are increasing in frequency and can seriously affect reproductive success of waterbird colonies.
Recent efforts of the Service, Houston Audubon Society, and other groups, discussed later in this
paper, have been directed toward increased protection of important nesting colonies from excessive
human disturbance during the breeding season.
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Exotic species invasion — The imported fire ant infestation reached the upper Texas coast in the
early 1970's. Most bayshore and island nesting habitat in Galveston Bay may be subject to harsh
environmental forces which tend to limit fire ant populations. These include high soil salinities,
frequent overwashing, inorganic substrate such as sand/shell hash, and seasonal extremes of dryness
and temperature. However, Audubon Society wardens and other observers have reported periodic
but severe fire ant predation on eggs and nestlings at some older bay rookery islands which have
higher elevations more hospitable to fire ants.

Since 1994, the Houston Audubon Society has conducted trial treatments of plots at North Deer
Island and Rollover Pass Island to determine if nests within treated areas are more successful than
nests in untreated areas. Their results are pending. On a baywide (or even coastwide) scale, our
1997 data compilation and analysis will allow us to determine any clear trends of those nesting
guilds most susceptible to fire ants.

Interspecific competition and nest predation — The laughing gull is a known nest predator of
other waterbirds, including the brown pelican and black skimmer, two species of concern. It nests
in close proximity to other species at many (15 of 38 active colonies in 1996) Galveston Bay
colonies. In 1996, the Galveston Bay-wide population for this species was 19,052 pairs, 40% of
the bay-wide total. This represents an actual decline from the 35,860 pairs (66% of the bay-wide
total) reported in 1973, rather than an increase (Table 1). Therefore, until the 1997 data compilation
enables us to identify any declines of other species which nest in close proximity to the laughing
gull, we must assume that the laughing gull in Galveston Bay is not expanding at the expense of
other vulnerable species.

Erosion of rookery islands and marsh — Our 1994 (Glass 1994) analysis of Galveston Bay
waterbird nesting requirements did not reveal a significant loss of the three main nesting habitats
(bare sand/shell; brush of medium height; or high brash/tree) between 1973 and 1989. However,
this was a comparison between habitat signatures of aerial photography done during 1973 and 1989
at known nesting colonies. Thus, this was a gross estimate only, and did not address more subtle
habitat changes.

Of perhaps more significance from a long-term point of view is the documented loss of 40,000+ ac
of freshwater, brackish, and saline marsh from the Galveston Bay area since the early 1950's (White
et al. 1993). Marsh and marsh edge is the primary feeding habitat for many of the colonial
waterbird species of Galveston Bay. It is important that breeding waterbird populations have
adequate amounts of good quality fresh, intermediate, and brackish marsh feeding habitat within
daily commuting distance of the colonies to maintain current population levels.

Table 1 shows the changes in total numbers of breeding pairs of birds in 4 species we assigned to
the (primarily) marsh feeding guild and 2 species we assigned to the (primarily) open water feeding
guild. Species we considered primarily marsh feeders are great egret, snowy egret, tricolored heron,
and roseate spoonbill. Species we considered primarily open water feeders are royal tern and
Caspian tern. Total numbers of marsh feeders decline from an estimated 7,059 in 1973 to an
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estimated 5,207 in 1996; while open water feeders increased from 2,933 to 4,645. When the two
guilds are directly compared, the ratio of marsh to open water feeders declines from 2.4:1 to 1.1:1.

However, yearly fluctuations are evident in this pattern, as evidenced by the drop in open water
feeders to an estimated 582 breeding pairs in 1979. Again, while some of the yearly fluctuations
in numbers could be due to sampling difficulties, we feel the 5 sample years selected minimize this
possibility. The more complete data set which will be available in 1997 will enable us to better
determine if this suspected trend is significant.

Slack's (1993) study using yearly population estimates from TCWC, Audubon Christmas count
data, and other data sets showed a probable decline in marsh/marsh interface feeders also. Slack's
study included 7 colonial waterbird species in the marsh/marsh interface-feeding guild. We felt that
the four species we chose used this habitat type more exclusively.

We believe erosion and loss of intertidal marsh feeding habitats, along with the effects of direct
human disturbance at major colony sites during the breeding season, may be the two most important
limiting factors for Galveston Bay's colonial waterbird population.

Management, Protection, Restoration

Signage/patrol of key nesting sites — Since at least the 1930's (Allen 1952), efforts by
conservation groups, primarily the Houston Audubon Society, have been directed toward protecting
important Galveston Bay rookery sites from disturbance during the breeding season. Important
rookery sites at Vingt-et-un Islands, Smith Point Island, Rollover Pass, North Deer Island, and West
Bay Bird Island have been declared off limits by signs placed by Houston Audubon Society
wardens since at least 1985, some much earlier.

As of 1993, when brown pelicans first attempted to nest at Little Pelican Island, the Service has
maintained 3 large signs which declare this island off-limits from February 15 through September
15 and reference Endangered Species Act and Migratory Bird Treaty Act authority for doing so.
Since 1992, the colony at Little Pelican Island has grown to an estimated peak of 37,781 breeding
pairs of 16 species, one of the largest breeding colonies along the United States Gulf coast (Table
2). We feel the signage and increased patrol efforts have helped this increase.

Special protection status for key estuarine habitat — Many waterbird feeding and resting sites
along the upper Texas Gulf Coast have been indirectly affected by the aforementioned human
population increase. The frequency of direct human disturbance by recreationists to formerly
undisturbed beaches, backdune flats, marsh flats, and tidal deltas has increased dramatically since
1980. The proliferation of pleasure craft and all-terrain vehicles seem to be the main culprits.

By giving financial and technical assistance to local entities such as the Park Board of Trustees of
the City of Galveston, the Service has been able to aid in the physical protection of select beach,
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marsh, sheltered lagoon, and flats habitat through getting it designated as a "nature park" and
limiting or curtailing vehicular traffic. Big Reef tidal delta at the easternmost end of Galveston
Island has been protected since 1994, and San Luis Pass Nature Park is expected to be officially
designated in mid 1997. The Houston Audubon Society's Bolivar Flats Sanctuary has provided
protection for the vast mudflats at the base of Galveston's North Jetty since 1991.

Native aquatic and wetland habitat restoration — As we have become more aware of the
ongoing loss of Galveston Bay's peripheral wetlands, increased efforts have been directed toward
slowing and repairing these losses. Major marsh protection and restoration projects during the
1990's include the Bayport Demonstration Marsh (Port of Houston and Corps of Engineers), Clear
Lake Entrance Demonstration Marsh (Corps of Engineers), Swan Lake Protection and Marsh
Creation (Amoco Oil Company), Little Pelican Island Marsh Creation (National Marine Fisheries
Service and Corps of Engineers), and West Bay Demonstration Marsh (Corps of Engineers).
Important marsh creation projects in the planning stage include Galveston Island State Park
Shoreline and Marsh Restoration (Texas Parks and Wildlife and U.S. Fish and Wildlife Service) and
the massive (4,250-ac) marsh creation effort planned in conjunction with the federal Houston-
Gal veston Navigation Channels Project.

It is projects such as these, which require the cooperative efforts of many public and private entities,
which hold the greatest promise for reversing the trend begun in the 1850's of losing our most
productive avian habitat to dredging, filling, erosion, and subsidence.
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Table 2. Little Pelican Island - Estimated Nesting Pairs

SPECIES

Cormorant, Olivaceous
Egret, Cattle
Egret, Great
Egret, Reddish
Egret, Snowy
Gull, Laughing
Heron, Black-Crown Night
Heron, Great Blue
Heron, Tri-Colored
Ibis, White
Ibis, White-Faced
Pelican, Brown
Skimmer, Black
Spoonbill, Roseate
Tern, Forster's
Tern, Royal
Tern, Sandwich

1989

10
50
100

2
20

1500
250
-

100
50

300
-

500
50
100

4000
3000

1990

20
-
75
4

70
2000
150
40

200
100
200
-
90
75

400
5000
7150

1991

60
-

200
1

50
2000
150
40
150
75
150

1
12
40
100

7040
2100

1992

„

50
10
1

20
2200
100
20
40
10
30
-

250
20
30

11000
5600

SIGNS
1993

10
10
50
2

100
5000

75
25
100
20
100
125
200
50
100

12900
7600

INSTALLED
1994

15
50
60
2

75
7000

35
30
150
25
100
-

290
30
100

13000
6500

1995

30
20
20
1

30
10000

30
20

200
40
150
200
-
10
50

18000
9000

TOTAL 10032 15574 12168 19388 26342 27603 37781
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Marsh Restoration at San Jacinto Battleground State Historical Park
Harris County, Texas

Ted Hollingsworth
Region 4, Texas Parks and Wildlife

Introduction

The San Jacinto marsh is a three-hundred acre tidal wetland complex preserved within the San
Jacinto Battleground State Historical Park in Harris County, Texas. The marsh is important for its
cultural, as well as biological values. In April, 1836, the marsh played an important role in deciding
the fate of the Texas revolution when hundreds of Mexican soldiers, fleeing the rout of their camp
by Texian volunteers, became bogged down in the mud and were unable to escape or organize a
defense.

Unfortunately, much of the San Jacinto marsh has deteriorated or disappeared over the years due
primarily to subsidence and erosion. Planning for restoration and future management of this site to
preserve both its biological and cultural values has been underway since 1993. Because the
Department does not have funds to pay for extensive restoration projects, viable partnerships will
be the key to a successful project.

Objectives

The marsh at San Jacinto was formed hundreds of years ago by the northward meandering of the
San Jacinto River. The marsh is a shallow basin contained historically by a natural riverine levee
which routes all drainage through Santa Annas Bayou. Impacts to the marsh began in the early 19th
century when cypress timber was harvested along the river. By the turn of the century, these same
banks were being impacted by deposition of dredge material from maintenance of the Houston Ship
Channel (HSC). In the early 1950's, most of the marsh was surrounded by levees to permit
additional deposition of dredge spoil, which continued for another 20 years. The marsh was
acquired by the state in the 1970's to help insulate the historically important San Jacinto
battleground from encroaching development.

Accelerating subsidence due to ground water withdrawal converted much of the marsh to shallow
open water during the 1970's and 80's, despite the addition of some two meters of dredge fill over
the years. The conversion from historic emergent marsh to open water compromised not just the
biological diversity and productivity of the park, but also the ability to interpret the battleground
and the battle for visitors.
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In 1993, increasing interest by TPWD in the stewardship of natural resources on state park lands
led to the decision to address deterioration of the San Jacinto marsh. An informal conference of
local wetlands experts and agency personnel was called at the park September 1, 1993, to
recommend marsh management actions and discuss the feasibility of restoration. From that meeting
evolved recommendations for a multi-phased project to convert cells of shallow open water back
to emergent Spartina alterniflora marsh using dredged sediments from maintenance of the HSC.
Further review of the project has resulted in additional restoration phases, including a project to
reclaim subsided lands by construction of an offshore berm in the San Jacinto River, and
cooperative management of the park with other local restoration sites.

TPWD and the San Jacinto Museum of History Association are now engaged in a joint project to
produce a new master plan for the entire 1000-acre park which will address all aspects of park
development and operation. Consistent with the mission and goals of the master plan, objectives
for restoration of the marsh are defined in terms of replicating the historic setting and environment
of the battleground, and returning the historic mosaic of habitats, species and functions to the park's
wetlands. This philosophy has been extended to cover restoration of other park habitats, including
prairie and bottomland hardwood forest as well.

Methodology

First, a draft marsh restoration plan was prepared and circulated to biologists at TPWD, U.S. Fish
and Wildlife Service (USFWS) and others for comment. Contact was made with the U.S. Army
Corps of Engineers (COE) and the Texas Natural Resource Conservation Commission (TNRCC)
regarding relevant regulatory authority, and a Section 404 permit application was prepared and
submitted. Contact with COE determined that a maintenance dredging cycle was planned for the
HSC in summer, 1996, and that the COE would be willing to have dredged material hydraulically
placed directly into the San Jacinto marsh by the selected dredging contractor. If the cost of placing
the material at San Jacinto was found to exceed the cost of placement at a traditionally dredge
disposal area, TPWD would still have the option of having the sediments placed in the marsh by
paying the difference.

Fortunately, the use of dredged sediments to restore marsh at San Jacinto constitutes a beneficial
use. Beneficial uses are an integral part of the HSC Deepening and Widening Project, and the COE
is open to identifying and supporting beneficial uses for both their biological and their economic
value. In the case of San Jacinto, the added public relations and interpretive opportunities resulting
from a local/state/federal partnership are also attractive to all parties. For this reason, the COE was
able to provide planning services which TPWD could not have otherwise afforded, including site
survey work, discharge pipe schedules and recommendations for water control structures.

For the purpose of marsh creation, the San Jacinto marsh divided conveniently into two cells by
existing dredge containment levees from the 1950's. The Phase I (upstream) cell is roughly one
hundred acres, and the Phase II (downstream) cell is approximately one hundred and ten acres. Early
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in the process, the decision was made to restore the Phase I cell first, and to restore the Phase II cell
after the first cell had vegetated sufficiently to provide forage and cover for birds that might be
displaced by restoration work in the second cell. Since that time, restoration at Brownwood
Subdivision, directly across the river from the park, has alleviated concerns for the displacement
of birds, and the decision has been made to ready both cells for acceptance of dredge material.

A number of actions are involved in marsh restoration, including Section 404 permitting for wetland
impacts, Section 401 permitting for water quality certification, engineering and design work, site
preparation, project funding and project coordination. The original plan called for importing
sediments from dredging operations between Carpenters and Greens Bayous, in the HSC just
upstream from the park. This dredging operation would have supplied sediment for marsh
restoration in the summer of 1996. Chemical analysis by the COE and TNRCC suggested that there
was sufficient contamination present to warrant further evaluation. Additionally, concerns arising
from the past history of the HSC, and the potential for biologically harmful effects from
contaminants, led the contaminant review team to biologically test the sediment for toxicity. This
biological toxicity testing demonstrated that the sediments were potentially harmful to mollusks and
crustaceans, and the decision was made to wait for sediments from farther downstream, scheduled
for dredging in fall, 1997. These sediments are expected to be less toxic and have a greater
proportion of sand, important considerations for this application.

Fortunately, the topography and hydrology of the marsh basin at San Jacinto makes restoration
relatively straightforward. Nonetheless, preliminary work is required, and finding ways to pay for
site preparations, sediment testing and other related expenses is a significant aspect of the
management of the project. Work to the Phase I cell included repair of old containment levees, and
fabrication and installation of three, four-foot flashboard risers for water control. Preparation of the
Phase II cell is expected to commence in the spring of 1997, and will include construction of low
containment berms and additional water control structures. Partnerships, some dating back to the
first marsh meeting in 1993, have proven to be the key to pooling the resources needed to make this
restoration a reality.

In the summer of 1995, USFWS approved an application for federal aid Administrative Funds in
the amount of $38,000 to initiate site preparations for marsh restoration at San Jacinto. These funds
paid for levee repair work and construction of flash board risers. Installation of the risers was paid
for with funds received in association with mitigation for a small wetland impact at Bayport. Much
of the design work for the marsh, including survey work and recommendations for riser
construction, has been provided by the COE. TPWD provided funding for a contract with the
Houston office of ENTRIX to verify work specifications and prepare recommendations for
managing the restored marsh.

Funds for testing sediments from the next round of maintenance dredging, and site preparations in
the Phase II marsh cell have been allocated by trustees of the Texas Natural Resource Damage
Assessment committee (NRDA). The funds being administered by these trustees resulted from the
Apex accident and spill, which occurred in Galveston Bay in 1990. The list of partners is rounded
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out by Texaco, which granted San Jacinto nearly $20,000 for erosion control to help protect the
restored marsh from loss due to erosion.

Results

As the project is currently designed, the first loading of sediment into the marsh is anticipated in
late 1997. Testing of the proposed sediments is scheduled to begin by the end of 1996. Depending
upon bulking and loading characteristics, around forty acres of marsh is expected to reach target
elevation in the first loading, with the remaining one-hundred and fifty acres (allowing for the
natural occurrence of some open water) to reach target elevation with the second sediment loading,
likely to take place two-to-four years later. Monitoring schedules call for seeding or sprigging the
entire restored marsh area in Sporting alterniflora in the months that follow, though areas which
exceed target elevation may be planted in S. patens.

The ultimate benefits of marsh restoration at San Jacinto will not be realized for several more years.
The restored marsh is expected to maintain salinity and nutrient regimes more closely resembling
its historic condition, and foster the return of fresh to intermediate communities. A number of plants
and animals not seen at San Jacinto for many years are expected to reappear, including the river
otter, mink and American alligator. Just as important to TPWD, the hundreds of thousands of
visitors who come to San Jacinto Battleground State Historical Park each year will have the
opportunity to better understand not just the battle of San Jacinto, but the natural history of the
Texas Gulf Coast. Boardwalk trails into the marsh are planned, and will provide a rare opportunity
to share the beauty and significance of our vanishing wetlands, and show what can be achieved by
the private and public sectors working together to preserve our heritage.
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Building Condos For Oysters

William B. Baker, Jr.
Staff Environmental Specialist

Houston Lighting & Power Company

Sponsorship & Funding

Houston Lighting & Power Company (HL&P), The Port of Houston Authority (PHA), and the
National Marine Fisheries Service jointly sponsored a Galveston Bay National Estuary Program
Action Plan Demonstration Project (APDP) to construct a 5-acre oyster reef in Galveston Bay
utilizing 12,100 yds3 of coal combustion byproduct (CCB) pellets in the spring of 1993. The
primary objective of the project was to demonstrate that a relatively large oyster reef constructed
with CCB in Galveston Bay could be both biologically successful and cost effective, relative to
natural shell.

The Port of Houston Authority was designated as the project's grant recipient and provided
$200,000 in non-federal matching funds for the project. The Environmental Protection Agency
(EPA) provided National Estuary funds totaling $91,880. In addition, HL&P provided a partner
contribution of $200,000 and JTM Industries, a contractor of HL&P, contributed $100,000 of in-
kind support for CCB pellet production. EPA managed the cooperative agreement with PHA and
was responsible for approving the Quality Management Plan and Quality Assurance Project Plan.
The National Marine Fisheries Service furnished federal agency sponsorship for the project and
played an active role in project management.

Priority Problem

Loss of habitat and declines in living resources were identified by the Galveston Bay National
Estuary Program as priority environmental problems for Galveston Bay. The Species Population
Protection Action Plan in the Galveston Bay Plan describes the priority problem thusly: "Certain
species of marine organisms and birds (such as blue crabs and birds classified as wading marsh
feeders) have shown a declining population trend, with primary suspected causes identified as loss
of habitat, fishing, impingement, and other types of human intervention. Because species within
the estuarine environment are dependent on one another for maintenance of the food chain, the
preservation of species populations is critical to the ecological health of the Galveston Bay system."
To address this problem, the Plan specifically promotes the development of oyster reefs using
alternate materials, with CCB a principal candidate.
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Reef construction with alternate materials such as CCBs can provide valuable habitat for the
American oyster (Crassostrea virginica) and a host of infaunal and epifaunal organisms. These
organisms are important as food for recreationally and commercially important marine fishery
species, such as penaeid shrimp (Penaeus sp.), red drum (Sciaenops ocellatus), black drum
(Pogonias cromis), sheepshead (Archosargus probatocephalus), southern flounder (Paralichthys
lethostigmd) and spotted seatrout (Cynoscion nebulosus). Filter feeding oysters also have enormous
potential to cleanse point and non-point source pollutants from the water column, helping improve
water quality in Galveston Bay.

Historical Perspective of Ash Utilization In Marine Applications

Utilization of ash material in marine structures was noted as far back in history as the days of the
Roman Empire. The Romans employed volcanic ash in mortar that was used to construct jetties
and revetments in the first century. Some of those structures still stand today. In more modern
times, nations around the world have used coal ash, or CCBs, to construct marine shoreline
protection structures and various types of artificial reefs to enhance the marine ecosystem. Japan
has been a leader in the development of artificial reef construction utilizing CCB materials. Other
countries using CCB materials in this manner include the United Kingdom (Collins et al., 1991;
Jensen et al., 1991), The Netherlands (Bolt and Snell, 1986), Denmark, Germany, Turkey, Israel
(Zimmels et al., 1991), Taiwan (Kuo et al., 1991) and the Philippines.

In the last 20 years, researchers in the United States have made significant progress in evaluating
the environmental suitability of CCB materials in the marine environment. In the 1970's, the State
University of New York at Stoneybrook initiated a study to determine the feasibility of utilizing
CCB blocks in the marine environment as fish reef habitat (Woodhead et al., 1985; 1986). This
study was conducted over a period of about 10 years with extremely positive results. In 1984, the
University of Delaware developed a CCB finfish reef off Delaware near the Indian River Inlet,
again with beneficial results (Eklund, 1988). Three years later the University of Delaware first
tested CCB materials as oyster cultch hi Chesapeake Bay (Price, 1987). Also in 1987, Florida
Power Corporation developed a small CCB block reef in the Gulf of Mexico near Cedar Key,
Florida (Livingston et al., 1991). Each project contributed to an ever expanding data base that
strongly supported the safe application of these materials in marine related projects throughout the
United States.

In 1988, HL&P and Texas A&M University at Galveston (TAMUG) initiated studies to investigate
the potential for utilization of CCB derived oyster cultch in the coastal bay systems of Texas (Baker
et al., 1991). Since that time, seven oyster reefs (including this APDP site) of various sizes have
been constructed throughout the Galveston Bay system. Under the direction of Drs. Sammy Ray
and Andre Landry, TAMUG conducted studies at each site to evaluate the biological and
environmental suitability of CCB substrate. Conclusions reached by these diverse efforts revealed
that CCB materials are environmentally acceptable, provide excellent substrate for the attachment
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of oysters and other marine fouling organisms, and exhibit structural strength characteristics that
make them prime candidates for future marine applications.

Project Planning

Due to the complexity of the APDP, an Artificial Reef Management Steering Committee (ARMS)
was formed to assist project managers (HL&P and PHA) in outlining scheduling issues, regulatory
agency permit requirements, reef deployment criteria, reef configuration, and biological monitoring
programs. This adhoc committee was comprised of 26 individuals from State and federal regulatory
agencies, commercial fishing interests, recreational fishing interests, environmental advocacy
groups, and regional business interests. A list of environmental concerns regarding utilization of
CCB material in the marine environment was developed during ARMS Committee planning
meetings. Regulatory agency representation on the ARMS required extensive environmental testing
outside the original scope of the project prior to permit approval. Permit approval hinged on results
from the following tests:

• A complete elemental analysis of the CCB pelletized material, including a list of 65
different elements,

• Additional bioaccumulation tests on oysters growing on established prototype reefs,
the Advanced Technology Program Reef (1.25 acres), and when appropriate, on the
5-acre APDP reef,

• Expansion of the list of elements examined during prototype reef studies to include
the Texas Department of Health's 20 elements of human health concern,

• Perform indepth statistical analysis on all sets of bioaccumulation data to determine
if significant differences occur with increased size of this APDP CCB reef,

• The Texas Department of Health should conduct a Human Health Risk Assessment
on bioaccumulation data to determine health risks involved with the consumption of
oysters grown on CCB substrate, and

• Additional Toxicity Characteristic Leaching Procedure metals testing of CCB pellets
prior to deployment.

An Independent Review Team (IRT) comprised of 11 independent scientists and experts was
organized to review all scientific monitoring plans, procedures, data analysis, and reported results.
The IRT made recommendations to the ARMS committee regarding project effectiveness and
provided guidance in maintaining quality in data analysis and reporting. Texas A&M University
at Galveston was selected by the IRT to conduct biological field assessments of the CCB reef and
bioaccumulation studies of oysters grown on coal ash pellets.
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Permitting

Permitting requirements for the construction of the 5-acre CCB reef included:

. U.S. Army Corps of Engineers 404 Permit,

. Texas Water Commission (now Texas Natural Resource Conservation Commission)
401 (C) certification, and

. Texas General Land Office easement agreement.

HL&P was the permittee for the Corps 404 permit and the leaseholder for the General Land Office
20 year easement agreement. Permit delays and pellet production problems dictated that the APDP
reef be deployed in two phases. Phase One incorporated 6,000 yds3 and was deployed in May 1993,
while the remaining 6,100 yds3 was deployed as Phase Two in August 1993. Pre-permit research
requirements, negotiated easement terms, and a significant increase in monitoring requirements
dictated by the ARMS Committee resulted hi an unbudgeted cost burden of $198,739. These costs,
well in excess of the original project proposal approved by the Galveston Bay National Estuary
Program, were born by HL&P.

Production, Transportation & Deployment Costs

Total cost for producing 12,100 yds3 of CCB pellets utilized for this APDP was $198,880, equating
to $15.85 per yd3.

A Houston Company, Parker Brothers Inc., transported the CCB pellets from the power plant
production site and deployed them via barge for $19.95 per yd3. Total transportation and
deployment costs were $241,395.

Site Selection & Reef Construction

A subcommittee was appointed by the ARMS Committee to employ the following criteria in
selecting the APDP reef site:

. Currently devoid of oyster production,

. Open to public harvest of oysters,

. Optimum water conditions for oyster production,

. Relatively firm bay bottom,

. Minimal user conflicts, and

. Adequate depth to accommodate draft of material barges.
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ARMS Committee representatives determined that the reef should be deployed in a rectangular
configuration approximately 300' X 700'. CCB substrate was to be deployed within the rectangle
at an average depth of 18" (plus or minus 6"). Horizontal profile of the material would not be level,
but with irregular undulations.

The subcommittee selected a reef site in Central Galveston Bay at approximately Latitude 29°
32.5"N and Longitude 94°53'W on State Tract #248, or 5.4 miles west of Smith Point in Chambers
County. Water depth ranged from 11-13', while bottom sediments were relatively firm with only
sporadic oyster shell present.

As previously stated, Phase One (6,000 yds3 of CCB pellets) was deployed in May 1993, while
Phase Two (6,100 yds3 of CCB pellets) was deployed in August 1993. CCB material was
transported to the site on barges and deployed by dragline. Divers periodically surveyed the site
during deployment to ensure prescribed reef construction specifications were being met. Site
selection and seasonal timing were critical factors ensuring early success of oysters on the CCB
reef. The Phase One deployment was carried out just prior to peak oyster spawning in mid-to-late
May. This deployment strategy provided optimum timing for reducing competition between oyster
and other biofouling organisms for available setting surface. The Phase Two deployment occurred
just prior to the secondary oyster spawn in late summer.

Biological Results

For the Phase One CCB pellet deployment, the combination of optimum site selection and
deployment, timed with peak oyster spawning activity, resulted in the heaviest recorded natural
oyster set on Galveston Bay substrate in at least 40 years. The Phase Two deployment also caught
significant numbers of oyster spat which enabled rapid oyster reef development. This site produced
market sized oyster (> 3 inches) in less than 18 months. One year after deployment the surface
pellets at the site were more than 90% covered with oysters, barnacles, muscles and a variety of
colonial hydroids.

Comparison of nekton catch statistics from CCB reef and barren control sites indicates that recycled
coal ash can be used to develop productive marine fishery habitats. In about one year, fish
production at the CCB reef surpassed that harvested from the control site. Nearly 65% of all
organisms sampled at that point in time came from the CCB reef.

In summary, gill-net catches and analysis of biofouling development indicated that the CCB reef
had undergone a maturation process in which it gradually evolved from barren artificial substrate
to that characteristic of a natural oyster reef. Essential to this maturation was the CCB reefs ability
to provide a suitable platform on which encrusting communities attached and became a natural
oyster reef. The fact that this CCB reef has and continues to exhibit successional stages in the
development of a climax oyster reef community renders it very suitable in the creation of productive
marine fishery habitat.
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Advantages Offered by CCB Pellets in Oyster Reef Construction

Utilization of CCB pellets offers the natural resource manager numerous advantages including:
• CCB pellets can be produced whereby 100% of the product will meet material size

specifications,
• The weight of CCB pellets compares favorably with mined natural shell,
• CCB pellets have a rough texture which is advantageous for the attachment of

marine fouling organisms,
• Rounded CCB pellets provide interstitial space in a reef allowing maximum flow of

water and nutrients through the reef complex,
• The rounded pellet maximizes available surface space by inhibiting sedimentation of

silts,
• Utilization of CCB reduces the need for ash landfill space while simultaneously

enhancing marine habitats, and negating the need to mine relic shell and river gravel
which can destroy valuable estuarine habitats, and

• Use of CCB s supports recycling goals of Federal and State agencies who have been
encouraged to utilize recycled materials in projects when possible.

Lessons Learned

The major lessons learned from this APDP are as follows:

• CCBs derived from burning western coal are environmentally safe and biologically
sound reef substrate materials.

• A partnership of industry, agency, and advocacy groups can function well in
managing environmental enhancement projects.

• CCB substrate can be cost effective in reef construction and enhancement projects.
• Regulatory agency permitting significantly affected the APDP reef construction

schedule and significantly increased costs.
• Reef site selection and timing of deployment are very important in ensuring

biological success.
• Results obtained from this APDP should help establish procedures and protocols for

future national and international CCB reef evaluations.

Conclusion

Results from this APDP clearly indicate that utilization of CCB substrate for oyster reef
construction can be environmentally safe, biologically acceptable and cost effective. CCB
substrate provided optimum substrate characteristics for oyster spat settlement. Opportunities
currently exist for additional substrate in Galveston Bay, particularly in the central region where
significant expanses of bay bottom can support cultch material and salinity regimes are optimal for

72



oyster production. Construction of large-scale oyster reefs in Galveston Bay, Texas, utilizing CCB
pellets, appears to be a viable and innovative tool for our natural resource managers.
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The Brownwood Marsh Restoration Project:
A Successful Effort To Restore and

Create Wetland Habitat

Thomas R. Calnan
Texas General Land Office

The Brownwood Marsh Restoration Project is in the tidal segment of the San Jacinto River near
Baytown, Texas. The project provides for the replacement of natural resources injured, destroyed,
or lost as a result of releases of hazardous substances at or from the French Limited Superfund Site
near Crosby, Texas. In 1994, after an extensive site-selection study, a French Limited Task Force
signed an agreement with the City of Baytown which allowed for the creation of an approximately
60 acre wetland system in the area formerly occupied by the condemned Brownwood Subdivision.
A state and federal agency review group helped select and approve the marsh creation project.
Construction began in November 1994 and was completed in June 1995. Monitoring shows the
wetland ecosystem is currently healthy and most of the vegetation is thriving. This successful
project illustrated how a coordinated effort between many groups can benefit the natural resources
in the Galveston Bay system.
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Marsh Creation From Dredged Material - A Case Study

Tracey Koenig
Turner Collie & Braden Inc.

The Interagency Coordination Team (the ICT) established by the U.S. Army Corps of Engineers
(USAGE), was charged with oversight of a range of environmental issues attendant upon the
proposed Houston-Galveston Navigation Channels, Texas Project (HGNC Project). The Beneficial
Uses Group (the BUG) was created in early 1990 as a subcommittee of the ICT with the assigned
task to evaluate possible beneficial uses of dredged material and incorporate them into a dredged
materials placement plan for the HGNC Project. The BUG'S membership includes 5 federal
agencies: [U.S. Fish and Wildlife Service (USFWS), U.S. Environmental Protection Agency (EPA);
USAGE; Natural Resources Conservation Service (NRCS); and National Marine Fisheries Service
(NMFS)]; 2 state agencies: [Texas Parks and Wildlife Department (TPWD); and Texas General
Land Office (TGLO)]; and the Port of Houston Authority (PHA).

The Houston Ship Channel (HSC) Modernization Project and the Recommended Beneficial Uses
Disposal Plan (the BUG Plan) for the bay reach of the HSC will entail removal and disposal of
approximately 92 million cubic yards of dredged material over the 50-year life of the project. The
dredged material placement plan for the HGNC Project includes construction of 4,250 acres of
intertidal wetlands, a 12 acre bird nesting island, and 320 acres of shoreline protection.

In August 1992, shoaling within the Bayport Ship Channel Flare (the intersection of the Houston
and Bayport ship channels), created a navigational impediment to vessels transiting the Bayport
Channel to and from the Houston Ship Channel (HSC). The need to dredge the channel flare to the
authorized project depth of-40 feet (ft) Mean Low Tide (MLT) created an opportunity for the PHA,
the USAGE, and the BUG to construct a Demonstration Marsh using equipment and materials
similar to those anticipated for the proposed widening and deepening construction of the HSC. The
purpose of the Demonstration Marsh is to identify key environmental and design parameters and
management requirements needed for the establishment, growth and survival of created marsh.
These requirements include identification of the key operating requirements for the typical dredging
equipment most likely to be utilized for the future placement of maintenance dredging material for
beneficial uses from the HSC. The 220-acre Demonstration Marsh project is located in upper
Galveston Bay within the limits of the existing HSC disposal areas known as Cells 15 and 16, and
includes approximately 180 acres of intertidal salt marsh and 40 acres of shallow open water.

The essential elements of the marsh design for construction were: 1) construction of a hydraulically-
placed containment levee using suitable materials such as stiff clays, sand and shell; 2) placement
of fill material for marsh substrate typically using fine-grained materials associated with
maintenance dredging; and 3) construction of levee protection measures to prevent erosion and
protect the marsh interior.
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Dredged material contaminant testing was performed to determine any potential environmental
impact from the disposal of maintenance material from the Bayport Channel and HSC maintenance
material, and to evaluate the potential for beneficial uses of the maintenance material. The sampling
plan was designed to comply with Section 404(b) of the Clean Water Act, as amended; Public Law
92-500, and in accordance with The EPA/USACE "Green Book" (EPA 1991). The testing
performed consisted of chemical analyses, suspended particulate phase (SPP) bioassays, solid phase
(SP) bioassays, and bioaccumulation studies. Results of dredged material testing indicated no cause
for concern for beneficial uses of the material.

Bioengineering studies by the NMFS to determine the physical characteristics of functioning,
natural marshes were conducted. These studies were used as references for the Demonstration
Marsh to determine the open water to marsh ratios, length, width and depth of intertidal channels
in addition to the elevation of the substrate required to establish and sustain a variety of marsh
vegetation.

Considerable design work was carried out prior to construction of the site. Detailed hydrographic
surveys of the HSC borrow and fill areas were performed and geotechnical investigations entailing
eighteen soil borings spaced at 1,000-foot intervals along the channel borrow area, thirty-five
probings of the sub-bottom foundation along the proposed levee alignment, along with seven
undisturbed samples to analyze bay bottom foundation characteristics were completed. Six drop
cores of the maintenance dredging material were obtained to determine the shrinkage and

' consolidation characteristics using lab test results and the USAGE'S Primary Consolidation and
Desiccation of Dredged Fill (PCDDF) computer model. This model predicts settlement and
consolidation of dredged material based on the type of material and other factors. Calibration of
this model using data obtained from the Demonstration Marsh will enhance the future design of
marsh sites, in particular designating the elevation for dredged material to be pumped into the site
so that after drying, settlement, and consolidation, the dredged material is at an elevation suitable
for marsh establishment. Based upon the results of the geotechnical investigations, a levee
alignment was developed that would provide adequate disposal capacity for maintenance material
quantities and allow the fill material to settle and consolidate to an elevation suitable for marsh
establishment.

A 6,800 LF hydraulic fill levee was constructed using a 30 inch hydraulic cutterhead dredge to
remove new work clays and sands from a borrow area in the Houston Ship Channel. Two
spillboxes were placed within the levee to decant the fill material and to direct the flow of fill
material during dredging operations. Through strategic placement of the spillboxes, thus controlling
of the direction of fill movement, marsh features such as ponds and coves may be constructed by
limiting the quantity of material that will flow to areas within the containment levee such as the
corners of the levee and the area between the spillboxes. As a result of this management, two ponds
were constructed on the north and south ends of the Demonstration Marsh site after fill placement.
Following levee construction the site was filled to an approximate elevation of+6.56 ft MLT with
1,598,899 yd3 of maintenance material obtained from the Bayport Channel Flare.
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To identify possible cost-effective alternatives for levee protection for the beneficial uses sites when
compared with the use of stone rip-rap, selected erosion protection measures were installed,
including: 1) vegetation, 2) Geoweb, 3) Geotubes, and 4) Pyramat. Although stress related tears
in the surface of the tubes have required continuous repair, the Geotubes continue to provide the
most promising shoreline protection alternative to rip-rap. In addition, a vigorous fringe marsh has
been established along the lower slope of the levee and is providing erosion protection as well as
fringe marsh habitat on the lowest energy section of the levee.

After construction of the Demonstration Marsh, management of the dredged material was
undertaken to achieve the target fill elevation of+2.11 ft to +2.66 ft MLT. Initial filling and
de watering of the site resulted in a level fill surface required to achieve the microtidal environment
typical of Galveston Bay marshes. Geotechnical investigations used to estimate the fill settlement
were refined during the settling period and will be utilized to predict settling rates for future
beneficial uses sites. Construction of an internal drainage ditch was required to assist in the
consolidation phase of the site, and the target fill elevation was reached in March 1995, 675 days
after filling was completed. Bioengineering parameters for the Demonstration Marsh were
patterned after naturally occurring attributes at reference marshes near the site. Two large ponds,
which remained after filling the Demonstration Marsh, were incorporated into the site design.
Channels and small ponds will be added to the site after plant establishment to create "edge" and
improve productivity at the site.

A planting plan for the interior of the marsh was developed using plant species similar to those
found in reference marshes. The Demonstration Marsh was divided into 66 test plots [1.01 acre
each plot] developed to evaluate the statistical differences between various Spartina alterniflora
planting treatments and propagule types. In September, 1994, the Port of Houston Authority and
the Natural Resources Conservation Service (NRCS) entered into a Cooperative Agreement with
the following purposes and objectives: (1) To assess the effectiveness of different nursery
techniques in producing marsh plants, (2) To assess the relative effectiveness of marsh planting by
varying plant densities (i.e., survival rates and percent aerial coverage over time.), (3) To compare
the success of the Demonstration Marsh planting plan in relation to the parameters derived by the
National Marine Fisheries Service (NMFS) from the reference marshes for plant coverage and
density, and (4) To develop baseline data on the major cost elements of marsh planting to provide
a closer identification of actual costs for evaluation of competing proposals for future marsh
construction associated with the Beneficial Uses Plan. The NRCS utilized personnel from the
Americorp Project, a civil works program implemented in 1993 to provide job experiences for
young adults, to plant the Demonstration Marsh. The NRCS provided supervision and technical
assistance in cooperation with the BUG during planting of the Demonstration Marsh. The planting
of the Demonstration Marsh began in February 1995 and was completed in July 1995.

The Monitoring and Management (M&M) Plan developed for the BUG Plan provided only a
framework to guide monitoring and management, therefore, methodologies are being developed for
the Demonstration Marsh to provide data useful in determining the level of ecological function at
the site when compared to natural marshes. These methodologies will be modified as needed to
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provide functional tools for monitoring the future BUG sites. Following the M&M Plan framework
developed for the BUG Plan, routine and comprehensive assessments are being used to monitor the
Demonstration Marsh.

Routine Assessments allow for early detection of potential problems and monitor development of
the site and typically include photodocumentation of site features, observations of plant health and
observations of avian utilization. Avian monitoring is being performed to determine the variability
and density of birds associated with various habitat types found on the marsh; seasonal variability
and density within the marsh; and nesting and fledging success in different habitat types. Least
terns have established nesting colonies on the levee for three nesting seasons (1993-1995). Black
skimmers have also utilized the levee and the sand beach as nesting habitat. The marsh has become
a popular site for many wading birds including roseate spoonbills, great egrets, reddish egrets, wood
storks, white-faced ibis and others. Mud flats provide rich feeding areas for many of the sandpipers,
willets, semipalmated plovers, and others. Since the site was created, over 100 species of birds have
been sighted utilizing the Demonstration Marsh.

Comprehensive Assessments generate more complete and quantitative information on the
performance of various aspects of the Demonstration Marsh. The planting plan is being monitored
on a semi-annual basis to determine growth and cover of the planted Spartina alterniflora. Digital
infrared images are being used to monitor and evaluate vegetation characteristics on a time sequence
basis. Three aerial photographs were taken on August 17,1995, November 12,1995, and April 10,
1996. The fourth will be taken in October 1996. These photographs are being used with digital
vector information describing the position of all 66 one-acre plots. For each set of data S.
alterniflora percent cover are being determined within each plot and for the whole marsh, using
infrared image analysis. Plant cover estimates are being compared between propagule types and
planting spacings. Data collected from the Demonstration Marsh will be used to determine plant
spacing and propagule types to be used in planting the BUG Plan marshes.

Lessons learned from the Demonstration Marsh will be used to enhance the potential success of the
construction of the Restoration Plan for the Houston Ship Channel Authorization Project recently
authorized by Congress. Monitoring and management of the constructed sites will play an
important role in their future success.
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The Galveston Bay Yards & Neighbors Program
Reducing Residential Non-Point Source Pollution

To Galveston Bay

Julie K. Massey, Galveston County Extension Agent - Marine
Dr. William M. Johnson, Galveston County Extension Agent - Agriculture

Susan Russell, Galveston County Extension Agent - Family & Consumer Science

Introduction

Non-point source pollution (the runoff from our yards and streets) has been identified as one of the
major sources of pollution to Galveston Bay. Estimates indicate that homeowners apply up to 20
times the recommended rate of fertilizers and pesticides.

The potential for impact to the bay is great considering that more than 70% (153,690) of Galveston
County's residents live within 2 miles of Galveston Bay. The numbers increase in Harris County
where 16% or 467,595 people live within two miles of the bay. The Galveston Bay Yards &
Neighbors Program is designed to reduce the amount of non-point source pollution by introducing
"Bay Friendly" home and lawn care practices to homeowners.

1997 will be the Galveston Bay Yards & Neighbors Program's third year. It is sponsored by the
Galveston County Extension Office of the Texas Agricultural Extension Service, the Texas A&M
Sea Grant College Program and the U.S. Fish and Wildlife Service.

Objectives

The goal of the Galveston Bay Yards & Neighbors Program is to reduce the amount of residential
non-point source pollution which reaches Galveston Bay. Educating individuals about the small
changes they can make in their daily home and lawn care practices can reduce this type of pollution.

Methodology

In 1994, over 3000 residential questionnaires were distributed to homeowners in six communities
in the Clear Lake and Dickinson areas. The questionnaires were designed to gather information on
current residential home and lawn care practices. The questionnaires also provided information on
those topics which would be of interest to homeowners and would help reduce residential non-point
source pollution.
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Based on the questionnaire results, a series of educational programs and hands-on demonstration
landscapes were developed and offered to homeowners and their communities. Program topics
included "Bay Friendly" Xeriscape landscape design, water conservation, disease and insect control
using Integrated Pest Management practices, alternative household cleaning products and
composting.

Three of the six community associations were chosen to participate in the Yards & Neighbors
Program in 1995. For their participation, communities were provided a "Bay Friendly"
demonstration landscape in their community. The Yards & Neighbors Program supplied the
landscape design and materials but the neighborhoods had to supply the labor to install and maintain
the landscape.

Educational materials developed to enhance the Yards & Neighbors Program included a "Mix-It
Yourself: Non-Toxic Household Products" brochure and a "Gulf of Mexico Repair Kit: Rx for a
Healthy Gulf. News articles and flyers were also used to inform community newsletters of
scheduled programs and to provide information on the program topic.

In 1996, homeowners were targeted instead of their community associations. Participants were
offered a free "Bay Friendly" landscape design for their own yard if they attended at least three of
the six educational programs offered. The programs were held in Dickinson and Galveston.

Results

965 of the 3000 questionnaires distributed were returned. The results of the questionnaires revealed
that 66.6% of the homeowners surveyed fertilized 1 to 3 times per year, 23.7 % fertilized 4 to 6
times per year and 2.4% admitted to fertilizing up to 12 times per year. Most (52%) bag and discard
their leaves and lawn clippings in the trash. 14% have a backyard compost.

In the home, approximately 22% have low flow shower heads and faucet aerators; 18% have a
water conserving toilet. 57% routinely recycle household waste but 49% dispose of household
hazardous waste in the trash.

Of the homeowners surveyed, 64% have lived in their home five years or less and 95% own their
home.

The Galveston Bay Yards & Neighbors has introduced the concepts of "Bay Friendly" home and
lawn care practices to over 22,500 homeowners through news articles and educational programs.
The 1995 demonstration plantings allowed homeowners to apply the information (and a lot of
sweat) to create an attractive "Bay Friendly" landscape hi their community. Participants in the 1996
program have the opportunity to create a "Bay Friendly" landscape in their own yard.
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Participants in the Galveston Bay Yards & Neighbors Program have new choices to make in their
every day activities which can help reduce the amount of residential non-point source pollution
reaching Galveston Bay. These homeowners are choosing to plant more native or adapted plant
species which require less care and fertilizers or pesticides. Their cleaning products now include
vinegar, baking soda and elbow grease. Water conservation includes low flow shower heads and
using mulches in the yard.

Many of the participants in the Galveston Bay Yards & Neighbors Program had no idea that the
runoff from their yards and streets went directly to Galveston Bay. Most thought that stormdrains
lead to a waste water treatment plant. Now these homeowners know that their daily home and lawn
care activities have an impact on the water quality of Galveston Bay and they can reduce that
impact.
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Public Section/Private Sector Solutions: Summary and Commentary

Robert L. Heath
Professor of Communication

Director of the Institute for the Study of Issues Management
School of Communication

As rappateur, I would like to summarize the comments made by the members of this panel and offer
some commentary. To begin, let me recall one of many concerns James Madison had as he helped
to frame and defend the Constitution and the Bill of Rights for what would become the United
States. He feared factions. He thought that the new nation, organized under a constitution and a
representative form of government, could survive as long as factions did not tear it to pieces. That
concern seems to be a useful reminder as we summarize and reflect on the comments made by the
panel members.

In the study of communication, my home discipline, we are reminded that unless people see
common ground and share a set of values, their debates become monologues. Instead of listening
to each other and looking for agreement, the tendency is to believe that only their point of view is
correct. Over the years, scientists have generated lots of data regarding the environment and useful
for solutions. We are faced with the question: What should we do with the data? Which
interpretations are best? Which policies are wisest?

Insights and challenges emerge from what was said by the members of this panel. Four themes
emerged from the panelists' comments: problems of public perception, rights, stewardship, and
common ground.

Public perception: To review the insights and challenges, let me begin with the data presented by
Dr. Stephen Klineberg. People will interpret those data in many ways. Three themes are worth
considering at the moment. First, the data suggest that differences of opinion are likely to frustrate
deliberations about environmental issues. Groups of people do not agree. They have conflicting
senses of what is and what ought to be. Second, their perceptions are inconsistent. They don't like
more governmental intrusion into their lives, for instance, except for that which is needed to
improve the quality of the environment. Third, the data generated in that study suggest that people
are self-centered. That finding is not novel. But it reminds us of the hard reality that people look
to their own interest and expect others to give in on policy issues.

Rights: Having noted those concerns, we can look for the motivation that will bring people together,
forcing them to bridge their differences. Dr. Ronald Kaiser correctly notes that several "hammers"
can press people toward cooperation and compromise on environmental issues. One is the fact that
some resources become limited. If only so much water exists, then people are compelled to solve
the problem of sharing that limited resource. The second is law and regulation. Government can
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mandate that factions solve problems and yield to one another as they meet requirements set by
government. The third hammer, motivating people who bear responsibility for managing resources
and creating positive change, is the public interest. Dr. Kaiser correctly notes the trust that is
invested in government and community leaders to solve problems in the public interest. This he
believes is the biggest hammer of all to be used to forge the incentives for compromise and
collaborative decision making.

Stewardship: Resolution of difference and yielding to the public trust can bring solutions. That
point is made by Richard Gorini who represented the Port of Houston Authority. He explained the
problem and the means by which it was solved as many people worked together to create a
beneficial uses plan for the Houston Ship Channel. Cooperation brought results.

Finding Common Ground: Linda Shead framed the challenge and the requirements needed to solve
problems as she discussed the mechanism for finding common ground. The discovery of common
ground begins with an acknowledged awareness of the differences of opinion that exist regarding
the definition of a problem and the development of its solution.

Diversity can lead to the parts flying apart, going in all direction. To avoid this catastrophe,
people must be willing to work together. A first step toward common ground is to gather
information and allow input from all of the relevant parties. This broad base of interest and
information almost guarantees that achieving common ground will be difficult. To keeping the
parts from flying in all directions—factions seeking to defeat and deny one another—they must seek
common objectives and be project oriented. Time is an enemy of this process. To compete with
time, diligence must prevail. The participants engaged in this process need to stick to the task and
be patient with one another and with the process. Coupled with diligence is structure. The diverse
parts need a means by which they can work together and continue to assure input and stay project
oriented. Persons engaged in the process must have a commitment to achieve a solution.
Deliberations can go on forever, but a commitment to achieve a solution is a constant pressure to
resolve differences and obtain the best possible solution. People engaged in the process need to be
willing and able to negotiate. Successful negotiation demands a win-win spirit. People must want
all members to achieve their goals, and all goals need to be focused on achieving the best available
solution. People must not fear that compromise and negotiation lead to a loss of their integrity.
Throughout this process, the persons who are involved and administrators who are responsible for
the process and product need to motivate each other. A stick must be available, but a carrot is
preferred. If the process works form the grassroots level up, then government needs to play less
of a role.

These were the comments of the "soft panel". It was soft because it did not deal with technical data.
But it asked and offered answers to the tough question. What are we going to do with all of the
data? The challenge is to use it to make a difference on behalf of the public trust.
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The GBF Experience In Finding Common Ground
as a Mechanism for Solving User Conflicts

by Linda R. Shead, P.E.
Galveston Bay Foundation

Introduction

It is frequently assumed by the parties in a dispute that only one side can be right. Further impeding
efforts to resolve conflicts is the view that negotiation would result in significant losses of integrity
for those who compromise. Such perspectives tend to undermine progress in moving beyond the
"us vs. them" mentality that has characterized much of the environmental debate in this country.

However, finding common ground and building consensus is both possible and desirable, and can
often result in "win-win" solutions. It is not necessary for one group to "sell out" its values or
perspective; it is necessary to listen to, and to learn to live with, different perspectives. The
Galveston Bay area has been uniquely successful in this regard, and this paper will describe some
of these experiences of the Galveston Bay Foundation (GBF) in particular.

Objectives

Looking back, it seems that the Galveston Bay Foundation was an idea whose time had come. In
the mid-1980's, several major construction projects were on the table which would significantly
impact the resources and the uses of the bay system. Also at that time, some of the failures of
environmental organizations to make progress in protecting Texas natural resources were weighing
heavily on the minds of local conservationists. Further inspiring the process was a presentation
made by a board member of the Chesapeake Bay Foundation at a Galveston Bay seminar sponsored
by the Texas Environmental Coalition in 1987.

The realization began to dawn that no one organization or government entity was looking after the
ecosystem, the whole pie, that is Galveston Bay. Each agency or organization had its own specific
interest which it was trying to protect. Comprehensive, cumulative, or synergistic impacts were
rarely considered or discussed. It became apparent that a gap existed, but what would be the
appropriate filler?

Small group discussions among local conservation interests began, spearheaded by environmental
attorney Jim Blackburn. GBF was incorporated in July 1987 as a nonprofit corporation with about
40 charter members. By the fall of 1987, larger organizational meetings began in earnest, with
individuals from diverse interests participating. The potential for success was hallmarked at one
meeting when representatives of the commercial and recreational fishing interests, who had long
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feuded over fishing rights, agreed that they would work together under the auspices of the Galveston
Bay Foundation to "ensure there is a resource." They would continue any discussions of who would
have access to those resources outside the organization.

Methodology

By the time of the first meeting of the Board of Trustees in January 1988, an even broader
representation of Galveston Bay interests was included, as individuals and/or as groups:
environmentalists and chambers of commerce, recreational boating and commercial navigation
interests, commercial and recreational fishermen, government and academic experts, elected
officials, and more. Five classes of trustees were defined to incorporate the different perspectives
and areas of expertise: regular, delegate, advisory, ex officio, and honorary.

With the initial make-up of GBF settled, the next nine months helped set the stage for its operations
in subsequent years. The Executive Committee, which is representative of the full board, met
regularly to initiate programs, and to define the mission of the organization. As each phrase of the
mission statement was discussed, consideration was given to the different perspectives to be
represented. For example, was the mission to "save the bay," and if so, from what and to what end?
Instead, the group decided that the bay was not yet lost, and to make the goal broader — to improve
conditions as appropriate, and not exclusively for the traditional environmental values, but for all
of the bay's uses.

The Executive Committee adopted the following: "The mission of the Galveston Bay Foundation
is to preserve and enhance Galveston Bay for its multiple uses, through programs in education,
conservation, research and advocacy." Elaboration was given for each of the four goal areas.

In the process of developing the written mission, several unwritten goals also became integral to
the organization. One was "to agree to disagree." With the incredible diversity reflected in the
Board and the general membership, it was necessary to recognize that one hundred percent
consensus might not always be possible, but different perspectives could be respected, and work
could continue. In other words, participants would not "take their toys and go home."

A corollary to this goal has been a willingness "to work together whenever possible." Even if
disagreements exist on one front, they need not preclude working cooperatively in other arenas.
Further, GBF has sought to ensure that any positions taken are supported by sound scientific
information, and this may include both ecological data and economic considerations. Since that
defining first year following incorporation in the summer of 1987, the mission and unwritten goals
have served to guide the programs and activities of GBF during the subsequent eight years. Key
examples of cooperative efforts are described in the next section.
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Results

An early example of working together even while disagreeing was the cooperative agreement GBF
had with the Corps of Engineers ("Corps") to plant cypress trees and install wood duck boxes hi the
Wallisville Lake Project area, even while GBF was opposing the Corps on this project. This
cooperative agreement with the Corps was paralleled by one with the Port of Houston Authority.
The Port agreement included funding to create marshes on Port property, and was initiated and
implemented during the period when GBF was opposing the Port and the Corps over the proposed
enlargement of the Houston Ship Channel.

The controversy surrounding the 1987 proposal to deepen and widen the Houston Ship Channel
came to a head in 1989 and 1990 when virtually every government agency and environmental group
criticized the documentation that the Corps had presented to justify the project. In addition to
protesting at all administrative levels, GBF took the issue to then Senator Bentsen who proposed
elevating it to the President's Council on Environmental Quality. It was at this juncture that the
Corps instituted the Interagency Coordination Team process and also proceeded to solicit additional
public input. A project that had originally been developed out of the public eye, in the isolation of
the standard Corps process, became instead a project with considerable input from a broad base, re-
designed to produce a modest amount of environmental harm and a substantial environmental
benefit. In fact, the project now represents one of the first major strides toward sustainable
development for Galveston Bay.

Another of the more successful examples of resolving conflicts through finding common ground
came out of the annual Bay Day festival. The purpose of the Bay Day festival is to call attention
to and celebrate Galveston Bay by providing bay-oriented family activities for all ages, thereby
increasing public awareness of the Bay's value and diversity of uses. With seed funding originally
from the Galveston Bay National Estuary Program (GBNEP), the festival has been supported by
over 70 corporate contributors and countless individuals as volunteers and donors.

The first Bay Day co-chairs were Ellyn Roof, from GBF's board and the sailing community, and
Ed Feith, from Houston Lighting and Power Company (HL&P). HL&P has been a major corporate
sponsor every year since that first 1991 event. In 1993, GBF received a call from one of its delegate
trustees about a pending discharge permit for an HL&P facility. The trustee lived along the outfall
canal and was greatly concerned about the temperatures of the discharge.

One solution would have been to obtain standing as a "party" and oppose the permit through the
TNRCC permit hearing process, or to file suit. Another would have been to insist on extensive
studies to evaluate all of the impacts prior to any action on the permit. Yet another would have been
to avoid the issue altogether. The relationships that had been established through Bay Day led
instead to a phone call and meetings between GBF and HL&P representatives. Through a series
of discussions, the permitted temperature of the discharge was reduced,, the amount of flow was
better distributed between outfalls, and a sum of money was set aside by HL&P to support habitat
restoration in the Clear Lake watershed, the watershed where the discharge occurred. The

91



alternatives would have cost both interests significant funds and resources, and might have had little
positive outcome for the Bay system.

Instead, the HL&P sum was matched by a grant from the National Fish & Wildlife Foundation. The
proposed project was to create over 9 acres of marsh. Additional funds were committed from the
East Harris County Manufacturers Association, the U.S. Fish & Wildlife Service, the Gulf of
Mexico Program, and the Texas Department of Transportation, bringing the total to over $150,000.
Volunteers came from scout groups, corporate groups, college clubs, environmental groups, and
others. A task force of local, state, and federal agencies was convened by GBF to oversee the
project, which has been remarkably successful and continues to be monitored and evaluated to help
guide other marsh restoration efforts in the Bay system.

Another education project became a catalyst for other groups to take the initiative on a nonpoint
source pollution problem. With funding from GBNEP, GBF began a boater education project,
which also involved the cooperation of a local marina, a local contractor of boat sewage pump-out
services and the Marine Advisory Service. Initially, there was considerable resistance in the marina
community to acknowledging the potential pollution threat from the improper disposal of boat
sewage. While pumpouts are still not universally accepted, the marina association has developed
a "green sheet" for enhancement of environmentally sound practices by boaters, and boaters who
participated in the GBNEP-funded demonstration project have expressed a willingness to continue
their new practices, even if a fee is charged in the future.

Perhaps no advocacy effort so clearly reflects the broad-based approach of GBF than the work to
develop improved oil spill response for the Bay. GBF began with an investigation of the Bay's
preparedness following the 1990 Valdez, Alaska spill. After a year of study, a report was issued
calling for increased, coordinated, practiced spill response, and calling for a community-wide
meeting to enlist the interests and expertise of the broad spectrum of affected parties.

Several spill planning meetings were held with over 50 people, including agencies, industries, and
conservationists. Out of these meetings came a list of consensus items to be included in proposed
state oil spill legislation. Through negotiations with the Texas General Land Office, the state
agency sponsoring the legislation and with the help of a local state representative, every provision
requested was included in the final bill passed by the state legislature.

Furthermore, the Coast Guard took seriously GBF's request for one comprehensive plan for the Bay,
producing a document, with input from all parties, and this in spite of the fact that two Coast Guard
zones, and the possibility of two plans, had existed in the Bay. The Coast Guard further followed
up on the GBF recommendation for combining the zones.
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Conclusions

Avenues do indeed exist to find common ground, to build partnerships, to seek solutions to common
problems, and GBF and the Galveston Bay community as a whole have been remarkably successful
in this realm. Testimony to this success exists in the on-the-ground improvements that have been
made over the past nine years, and in the increasing support for cooperative processes.

It is all too easy and comfortable to divide people into opposing categories — blue-collar/white
collar, worker/management, black/brown/white, men/women, working women/housewives, voters/
politicians, engineers/environmentalists, or environment/economy. Today's world of increasing
interdependence, even across national boundaries, demands more of us. We must learn to see that
each of us may wear many different hats in our lives, and few of us fit exclusively into only one of
these categories.

For progress to be made, those who work for industry must be recognized as also living and
recreating in the same area as environmentalists. Environmentalists must be seen as citizens who
are concerned about the losses of our natural resources and open spaces, and who also depend on
the economy for income and the benefits of modern society. Then there is greater room for
dialogue. Then, common interests can be found, and differences can be perceived as those of how
and how much, rather than yes or no, right or wrong. It takes time and a willingness to listen, but
the outcomes are well worth it.
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Public Perceptions of Environmental Problems Facing Galveston Bay:
Findings from the 1996 "Texas Environmental Survey"

Stephen L. Klineberg
Department of Sociology, Rice University

Introduction

Funded in 1990 and 1992 by grants from the Margaret Cullinan Wray Lead Annuity Trust and the
Texas Environmental Center, in 1994 and 1996 by the Southwestern Bell Foundation, and in 1996
by Rice University's Energy and Environmental Systems Institute and by the Galveston Bay
Estuary Program, the Department of Sociology at Rice University recently completed its fourth
biennial statewide scientific survey of environmental concerns. The actual interviews were
conducted, in Spanish and English, from 14 November to 4 December 1996 by Telesurveys of
Texas, the Houston research firm. A representative sample of 1001 Texans from across the state
participated in interviews lasting an average of more than eighteen minutes, focused on a variety
of questions relating both to environmental concerns and to political issues. Additional
"oversample" surveys were conducted this year with residents of the five counties surrounding
Galveston Bay (Brazoria, Chambers, Galveston, Harris, and Liberty), and new questions were added
having to do with "ecotourist" activities and awareness of non-point source pollution problems.

By replicating most of the questions from the surveys conducted in 1990, 1992, and 1994, the data
provided a uniquely revealing analysis of the way the views of Texans have been changing on these
consequential issues since 1990. When public concern for the environment was particularly evident
in the aftermath of the "greenhouse summer" of 1988 and the Exxon-Valdez oil spill of 1989. In
the ensuing years, environmental issues have been less salient in the news, economic insecurities
have deepened, and the anti-tax, anti-government mood of the electorate has continued to grow.
The surveys measure the extent of environmental concern by asking respondents to evaluate the
seriousness of pollution at the local, state, and global levels; to choose explicitly between protecting
the environment and other important considerations, such as enhancing jobs and economic growth
or reducing taxes and the size of government; and to indicate their own participation in a variety of
pro-environmental activities.

Continuity and Change in Environmental Attitudes

Across this array of measures, the findings indicate that the commitment to environmental
protection has remained surprisingly strong in Texas; in several respects it has grown significantly
in recent years. The data make it clear that the anti-government attitudes of most Texans, fully
evident in these surveys, does not include support for any lessening of government efforts to protect
the environment.
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Concerns about environmental pollution have increased substantially in Texas during the past two
years. The proportion of respondents believing that pollution is "not much of a problem" in their
area declined from 61 percent in 1994 to 54 percent in 1996. Texans in this year's survey were
consistently more likely than in 1994 to express concern about the quality of air and water pollution,
the management of hazardous wastes, and exposure to dangerous substances, both in their own
communities and in the state as a whole.

Even more firmly today than two years ago, Texas residents reject the suggestion that
environmental protection threatens economic well-being. By 65 percent (it was 60 percent in 1994),
the respondents were convinced that environmental improvements will create more jobs and help
the national economy. Only 18 percent (it was 28 percent two years ago) believed instead that
improving the environment will slow economic growth and cost jobs.

The only indication of any apparent lessening of environmental concern was found when Texans
were asked about their willingness to pay more from their own pockets to control pollution. Only
44 percent of respondents in this year's survey were prepared to spend $200 more each year for the
things they buy if such price hikes resulted from new pollution controls. In 1994, 54 percent
favored the pollution controls despite their association with these additional costs, as did 63 percent
in 1990. Nevertheless, the 1996 respondents were decisively in support (by 69 to 24 percent) of
paying an additional 25 cents on their monthly water bill, "in order to build new storm sewers that
would prevent polluted runoff from spilling into local waterways."

Texans are also more reluctant than ever to accept any increase in taxes. By 46 to 40 percent, a
majority of the respondents in 1996 are now opposed to "new taxes on coal and oil consumption,
in order to reduce the emissions that are thought to cause global warmings." In 1994, such taxes
were favored by 51 to 42 percent. And Texans continue consistently and decisively to reject one
environmental initiative in particular. Fully 68 percent of residents in this automobile-dependent
state (it was 64 percent in 1994, 61 percent in 1992, 62 percent in 1990) are opposed to higher
gasoline taxes.

The surveys also show that Texans' traditional opposition to government intervention remains firm,
but they are prepared to go against their anti-regulatory inclinations when asked about the role of
government in protecting the environment. By 66 to 28 percent, Texans today agree that
"government interferes too much in our daily lives." By 63 to 30 percent, however, the same
respondents assert that "stronger government regulation is necessary to control industrial pollution."
And by 71 to 24 percent, they support a law that would require people to recycle their trash.
Similarly, half of them agree that "government is trying to do too many things that should be left
to individuals and businesses"; only 39 percent affirm instead that "government should do more to
solve our country's problems." But by 60 to 27 percent, they agree that "there should be stricter
limits on new housing built in the wetlands or beachfront area of Texas."

On broader measures of "ecological consciousness," there are no signs of lessening conviction since
1990, and Texans evidence a clear and consistent shift since 1994 in the direction of stronger
environmental sensitivity. By 60 to 32 percent, for example, respondents are even more likely
today than in 1992 or 1990 to reject the suggestion that "there's too much emphasis these days on
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conserving natural resources for the future, and not enough on using them for our current needs."
By 77 percent (it was 70 percent two years ago), respondents today disagree with the statement that
"humans don't need to adapt to the natural environment because they can change it to suit their
needs."

By 71 percent, they also disagree with the assertion that "we are not harming the environment when
we do normal things, like driving cars and running air conditioners." Only 39 percent in 1996
(down from 43 percent in 1994) agree that "people worry too much about threats to the global
environment." By 60 percent (up from 54 percent in 1994), Texans today reject the claim that
"plants and animals exist primarily to be used by humans." And by 69 to 17 percent, respondents
in this fossil-fuel energy state are clear that, if a new utility plant is to be built in their area, it should
use "renewable resources, such as wind or solar energy, "rather than"traditional energy sources,
such as coal or oil."

In sum, the surveys reveal significant increases since 1994 in Texans' concerns about local and
statewide pollution, in their belief that environmental protection in consistent with economic
growth, and above all in their "ecological consciousness," in their recognition of the need to bring
human numbers and appetites into balance with the environmental constraints of a finite planet. At
the same tune, reflecting the growing economic insecurities, the data indicate even more resistance
than in earlier years to higher taxes or product costs to pay for increased environmental protection.
"Texans Keep Eye on Pollution, Hand on Wallets" was the way the Houston Chronicle (March 5,
1997) summarized these findings.

Residents of the Galveston Bay Area

The original survey of 1001 Texans reached 201 respondents from the five counties surrounding
Galveston Bay. To these were added interviews with 50 respondents from each of the counties, and
a further oversample of 119 from Galveston County, to reach a total of 570 respondents from the
Bay area. These included 57 from Liberty County, 51 from Chambers County, 62 from Brazoria
County, 181 from Galveston County, and 219 from Harris County. The expanded samples make
it possible to explore the differences in perceptions and attitudes among residents in the five
Galveston Bay counties, and to compare their views with the rest of the Texas population.

Respondents from the five Galveston Bay counties evidenced far more concern about the local
environment, and this was particularly the case for residents from Galveston County itself.
Respondents from the five counties were significantly more likely than others in the state of Texas
to assert that air pollution (35 percent), water pollution (28 percent), the management of hazardous
wastes (25 percent), and exposure to dangerous substances (24 percent) are "very serious" problems
in their communities; the comparable proportions for the rest of the state were 18 percent (air
pollution), 22 percent (water pollution), 16 percent (hazardous wastes), and 14 percent (dangerous
substances). The Galveston Bay respondents were also more likely (by 53 percent, to 47 percent
for the rest of Texas) to advocate additional spending on the environment. And they were
significantly more likely than other Texans (by 66 percent, compared to 58 percent statewide) to
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agree that "there should be stricter limits on new housing built in the wetlands or beachfront areas
of Texas."

Despite their generally greater environmental sensitivity, the residents of the counties surrounding
Galveston Bay are somewhat less likely to act on those concerns. The percentages of respondents
from the rest of Texas who report that they have engaged in pro-environmental activities (such as
recycling, contributing to an environmental organization, participating in a local environmental
project, avoiding the purchase or use of environmentally damaging products) are consistently—but
usually not significantly—higher than among residents of the five-county area. The data also show,
however, that the respondents from the Bay area are much less likely to report that they live in
neighborhoods with either curbside recycling (37 to 52 percent) or a "household hazardous waste
disposal site" (31 to 38 percent). Despite fewer resources, Bay area residents are thus involved to
almost the same extent as other Texans in pro-environmental behaviors, suggesting a stronger
overall commitment to environmental protection.

When asked about activities that are potentially damaging to the environment, there were no
differences between Bay area respondents and those from elsewhere in Texas; and both groups
evidenced high levels of environmental responsibility. Of the 31 percent who said they had changed
their motor oil in the past year, 75 percent disposed of the used oil by taking it to a service station
or other recycling facility; only 12 percent admitted throwing it out with the trash or dumping it in
the yard. Of those who have a lawn, only 14 percent said the used fertilizers on it as often as every
three months. Of those few (8 percent) who had to dispose of paint in the past year, 46 percent said
they took it to a disposal center. These numbers indicate that a high proportion of Texans not only
understand the need to act in environmentally responsible ways, but also claim to do so.

Not surprisingly, respondents from the Bay area are more likely to report having visited or used the
waterways of Texas: 29 percent said they often went "boating or fishing somewhere in Texas"
during the past year, and 36 percent often visited Galveston Bay, compared to 20 percent and 2-
percent of the respondents from elsewhere in Texas. Bay area residents were not, however, more
likely to report having "visited a state park or other natural areas in Texas," nor to have "gone
swimming in a lake, river, or bay in Texas."

Several new questions in this year's survey were asked only of the residents from the five counties
surrounding the Bay. While most measures of water pollution in Galveston Bay have found it to
be getting better over the past decade, less than one-fifth of those living closest to the Bay recognize
the improvement. By 30 percent to just 18 percent, the respondents were much more likely to
believe that pollution in Galveston Bay is getting worse rather than better; another 33 percent said
they thought it had stayed about the same.

Despite their concerns about pollution, a plurality of 45 to 3 8 percent believe the seafood that comes
from the Bay is generally safe to eat, and by 58 to 32 percent they are decisively in favor of
"spending more public funds to buy additional land surrounding Galveston Bay in order to set aside
more protected areas as nature preserves or parks." Most importantly, perhaps, by 61 to 24 percent,
Bay area residents overwhelmingly believe that pollution in the Bay is mainly caused by point
sources ("industrial activity, such as oil refining and chemical plants") rather than by non-point
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sources in the combined effects of individual behaviors ("such as pollution from cars, litter, and
lawn-care products").

.

Conclusions

The surveys indicate that residents in the Galveston Bay region are generally more environmentally
aware and concerned than are those in the rest of the state. The findings also suggest that Texans
generally (but by no means universally) understand the need to act in environmentally responsible
ways, that Bay area residents are undeserved in terms of curbside recycling and household
hazardous waste disposal programs, and that they clearly underestimate the role of non-point
sources in contributing to the pollution of Galveston Bay.

More generally, the fourth biennial "Texas Environmental Survey" suggests that a firm consensus
on the importance of environmental protection has now taken hold within the general public. That
consensus has persisted and in some respects even grown stronger in the years since 1990—when
environmental issues have been less salient and economic insecurities, along with anti-government
attitudes, have continued to grow. Because of these countervailing public preoccupations, it has
been easy to lose sight of the degree to which the vast majority of ordinary Texans (and other
Americans) are in fact prepared to support public policies that move the state and nation in new
directions, toward the goal of reconciling economic opportunity with environmental protection and
sustainable development.
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