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State of the Bay Symposium IV
January 28 - 29, 1999

Schedule of Events and Presentations

Thursday, January 28
8:00 a.m. - 9:00 a.m.
9:00 a.m. - 10:00 a.m.

10:00 a.m. - 10:20 a.m.

Registration. Refreshments with Exhibitors.
"The State of the Bay"- How Are We Progressing?
Jim Kachtick, Former Chair, Galveston Bay Council
Glenda Callaway, Chair, Galveston Bay Council
Break

Morning Breakout Session A
Bay User Community

10:20 a.m. -10:40 a.m.
The First 60 Acres: A NRDA Restoration
Project- Brian W. Cain, U.S. Fish &
Wildlife Service

10:40 a.m. -11:00 a.m.
Bay town Nature Center: A Jewel in the
Texas Coastal Birding Trail-David Dauphin,
Baytown Nature Center Subcommittee

11:00 a.m. -11:20 a.m.
Baytown Nature Center: A Teacher's Vision
Janet Simon, Baytown Nature Center
Subcommittee

11:20 a.m. -11:40 a.m.
Baytown Nature Center: How Did it
Happen? Bobby L. Rountree, City Manager

11:40 a.m. -12:00 p.m.
Brownwood Peninsula: A Historical
Perspective W.C. Smith, Brownwood
Nature Center Subcommittee

Morning Breakout Session B
Toxics

10:20 a.m. -10:40 a.m.
Oysters as Indicators of Bioavailable
Butyltins in Galveston Bay
Dr. Terry L. Wade, GERG, TAMU

10:40 a.m. -11:00 a.m.
Clean Trace Metal Measurements in the
Houston Ship Channel - Paul Jensen, PBS&J

11:00 a.m. -11:20 a.m.
Trace Contaminants Association with
Colloidal Macromolecular Organic Matter in
GalvesonBay: Implications forBioavailability
Dr. Peter H. Santschi, TAMUG

11:20 a.m. -11:40 a.m.
Toxic Contaminants of Sediments in Puget
Sound - John Dohrmann, Puget Sound
Water Quality Action Team

11:40 a.m. -12:00 p.m.
The NOAA's National Status and Trends
Mussel Watch Program in Galveston Bay:
Chlorinated Hydrocarbons in Oysters, 1986-
1997 Dr. Jose L. Sericano, GERG, TAMU

12:00 p.m. -1:30 p.m. Luncheon with Dr. Stephen Curley as Featured Speaker
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Thursday, January 28
Afternoon Breakout Session A
Sediments

1:40 p.m. - 2:00 p.m.
Assessment of Sediment Toxicity in Galveston Bay,
Texas
Michelle R. Harmon, NOAA

2:00 p.m. - 2:20 p.m.
Evaluation of the Effect of Land-Use Activities on
Sediment Quality Within the Galveston Bay System
George Guillen, TNRCC

2:20 p.m. - 2:40 p.m.
Benthic Community Dynamics in Galveston Bay,
Texas, Gilbert T. Rowe, Professor of Oceanography,
TAMU

2:40 p.m. - 3:00 p.m.
Regional Environmental Monitoring and Assessment
Program - Galveston Bay 1993
Cynthia Gorhman-Test, EPA Region 6

Thursday, January 28
Afternoon Breakout Session B
Habitat

1:40 p.m. - 2:00 p.m.
Demonstration/Evaluation of Constructed Wetlands as
an Alternative On-Site Waste Water Treatment
System- Richard E. Tillman, Brazoria Co. Extension
Agent

2:00 p.m. - 2:20 p.m.
Wetland Restoration on Clear Creek Utilizing Dredged
Material from the Webster Electric Generating
Station, William B. Baker, HL&P

2:20 p.m. - 2:40 p.m.
The San Jacinto Marsh Project, Restoration
Priceless Biological and Cultural Resource
Ted Hollingsworth, TPWD

of a

2:40 p.m. - 3:00 p.m.
Guidelines for Restoration Plantings hi the Galveston
Bay System
Alisha R. Goldberg, GBF

3:00 p.m. - 3:30 p.m. BREAK

Afternoon Breakout Session A
Freshwater Inflows

3:30 p.m. - 3:50 p.m.
Recommendations of Target Freshwater Inflows for
the Trinity - San Jacinto Estuary Based on Analysis of
Long-Term Fisheries Survey Data-Wen Y.Lee,
TPWD

3:50 p.m. -4:10 p.m.
Galveston Bay Freshwater Inflows Study
Augusto Villalon, Brown & Root Inc.

4:10 p.m. - 4:30 p.m.
System Simulation of Tidal Hydrodynamic
Phenomenon in the Galveston Bay, Texas -
Dr. Bernard Hsieh, U.S. Army Corps of Engineers,
Vicksburg, Mississippi

4:30 p.m. - 4:50 p.m.
Results of Galveston Bay Oyster Growth and
Recruitment Models
Dr. Eric Powell, Rutgers University

4:50 p.m. - 5:10 p.m
Restoration of Intertidal Wetlands Along the 1-45
Corridor - Galveston, Texas, Robert Nailon, ENTRIX

Afternoon Breakout Session B
Habitat and Bay User Community

3:30 p.m. - 3:50 p.m.
The Wetlands Project Site Registry: Benefits for
Landowners and Habitat
Heather Bond, TPWD

3:50 p.m. -4:10 p.m.
The Habitat Conservation Blueprint, A Practical Plan
for Community-Based Conservation/Restoration
Efforts - Kathy Bruce, GBF

4:10 p.m. - 4:30 p.m.
Attwater's Prairie Chickens on the Edge: Galveston
County, Texas, James F. Bergan, The Nature
Conservancy

4:30 p.m. - 4:50 p.m.
Clean Water for Armand Bayou: A Watershed
Partnership, John S. Jacob, Texas Sea Grant and
TAEX
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State of the Bay Symposium IV
Thursday Evening, January 28, 1999

5:30 p.m. - 6:15 p.m Reception in Foyer. Visit Poster Presentations.

6:30 p.m. - 8:00 p.m. Big Bay Issues Panel:
H.Thomas Kornegay, Executive Director
Port of Houston Authority
Major Bryan Truesdell, Project Engineer for Houston-Gal veston
Navigation Channel Project, U.S. Army Corps of Engineers
Mel Vargas, Total Maximum Daily Load (TMDL) Team Leader,
Texas Natural Resource Conservation Commission
Kirk Wiles, Seafood Safety Division Director,
Texas Department of Health
Gary Mitchell, Chief Regional Planner,
Houston-Galveston Area Council

Moderated by Pris Weeks, Environmental Institute of Houston,
University of Houston-Clear Lake.

This free public session will include presentations from experts
on current Galveston Bay topics of interest, including: Houston
Ship Channel dredging, seafood safety, water quality
enforcement, and the Clean Rivers Program. This will be a
unique opportunity to ask questions and participate in
discussions.
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Schedule of Events and Presentations (cont.)

Friday, January 29
Morning Breakout Session A
Habitat

8:30 a.m. - 8:50 a.m.
Pierce Marsh Restoration Project, Marissa G. Sipocz,
GBF

8:50 a.m. -9:10 a.m.
Dickinson Bay Oyster Reef/Wetland Restoration
Demonstration Project, Edward Seidensticker, NRCS

9:10 a.m. - 9:30 a.m.
Green Sector Initiative for Sustainable Development,
John Koros, PWS/Harris County Flood Control
District

9:30 a.m. -9:50 a.m.
Wetlands Restoration at Galveston Island State Park:
a Multi-Agency Project, Phil Glass, U.S. Fish &
Wildlife Service, Houston

Friday, January 29
Morning Breakout Session B
Water Quality

8:30 a.m. - 8:50 a.m.
Chlorinated Pesticides and PCBs in Colonial Nesting
Water Birds of Galveston Bay, XX, Donnel S. Frank,
Dept. Of Wildlife and Fisheries TAMU

8:50 a.m.-9:10 a.m.
Shrimp Farms: The Next Threat to Galveston Bay,
Robert McFarlane, McFarlane & Associates

9:10 a.m. - 9:30 a.m.
Polynuclear Aromatic Hydrocarbons in the Oysters
from Galveston Bay, TX, Dr. Yaorong Qian, GERG
TAMU

9:30 a.m. - 9:50 a.m.
Survey of Small Galveston Bay Tributaries Under
Conditions Representative of Wastewater Discharge
Permit Renewal, Yu-Chun Su, PBS&J

9:50 a.m. -10:20 a.m. BREAK

Morning Breakout Session A
Living Resources

10:20 a.m. -10:40 a.m.
Diet, feeding habits, and predator size/prey size
relationships of red drum (Sciaenops ocellatus) in
Galveston Bay, Texas, Kurtis Schlicht, TPWD

10:40 a.m. -11:00 a.m.
Bottlenose Dolphins of the Texas Coast, David
Weller, TAMU

11:00 a.m. - 11:20 a.m.
Bottlenose Dolphins of San Luis, Texas: Occurrence
Patterns, Site-Fidelity and Habitat Use, Katherine
Maze, Johnson Controls/National Marine Fisheries
Service

11:20 a.m. -11:40 a.m.
Gull, Tern & Skimmer Population Trends in
Galveston Bay - Robert McFarlane, McFarlane &
Associates

11:40 a.m. - 12:00 a.m.
Trends in the Relative Abundance, Size and Harvest
of Selected Finfishes and Shellfishes in Galveston Bay,
Texas: November 1975 - December 1997, Lance
Robinson, TPWD

Morning Breakout Session B
Nutrients and Toxics

10:20 a.m. - 10:40 a.m.
Denitrification in Galveston Bay, S. An, Department
of Oceanography, TAMU

10:40 a.m. - 11:00 a.m.
Atmospheric Deposition of Nutrient Nitrogen to
Galveston Bay, Steve Sweet, GERG, TAMU

11:00 a.m. - 11:20 a.m.
Long-Term Trends in Nitrogen Loads to Galveston
Bay, Paul Jensen, PBS&J

11:20 a.m. -11:40 a.m.
Atmospheric Deposition of Organic Contaminants to
Galveston Bay - Junesoo Park, GERG, TAMU

11:40 a.m. -12:00 a.m.
Recent Trends in Nutrients within the Galveston Bay
System, George Guillen, TNRCC
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The First 60 Acres: A NRDA Restoration Project
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Brian W. Cain

Ph D from Univ. of Illinois in Physiological Ecology 1978
Dept. of Wildlife Fisheries Sciences, Texas A&M Univ. 1978-1982
U. S. Fish & Wildlife Service, Contaminant Specialist & Oil Spill Response Coordinator 1982-1998.

He has been engaged in Natural Resource Damage Assessment (NRDA) since 1982 working on the
Motco, Brio, Dixie, Sheridan, and French Limited Superfund Sites settlements. He has also been
involved in response action and NRDA settlements on six oil spill events on the Texas Coast. He
has served as a consultant on development of a memorandum of agreement for negotiated
settlememts between the responsible parties and State and federal trustees, and was also involved
in preparing the published rules for damage assessments both from the Department of Interior and
the National Oceanic and Atmospheric Administration.
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The First 60 Acres: A NRDA Restoration Project.

Brian W. Cain, U. S. Fish and Wildlife Service, Houston, TX.

Natural Resource Damage Assessment (NRDA) is a process that allows State and federal agencies
to recover damages from a spill or release of toxic materials that causes injury to resources under
their jurisdiction. The French Limited Site off of US 90 near Crosby, Texas was a release site for
hazardous chemicals into the San Jacinto River basin during the 1970s. The superfund law
(CERCLA) provided the mechanism for the resource agencies to ask for compensation from the
responsible parties for injuries that may have occurred due to releases of chemicals from the site.

Negotiations between the resource agencies and the French Limited Trust Group (representing all
the responsible parties) settled on the creation of 25 acres of intertidal wetlands in the San Jacinto
floodplain as just compensation. The exact location of a restoration project was evaluated through
a selection process and the deteriorated Brownwood Subdivision of Baytown was eventually chosen
to satisfy the consent decree. A later presentation in this section will give the history of the
deterioration of Brownwood.

The French Limited Trust Group undertook this operation with the resource agencies serving in an
oversight capacity. During the development of this project the Trust Group expanded the actual area
to be restored in order to creat a buffer zone around the developing wetlands. The project included
removal of concrete slabs that once supported homes and served as driveways, removal of some old
abandoned homes, removal of urban streets, filling or removal of swimming pools and restructuring
the contour of the land. Much of the concrete in the slabs was broken and moved to serve as wave
attenuation barriers or to reduce erosion at the mouth of the tidal guts that now open into the bay.

The land was restructured by laser leveling techniques so that the elevation would promote the
growth of tidal marsh plants. A few islands of higher ground were left in place and used to create
some freshwater ponds and enhance the growth of hardwood trees. Several species of hardwood
trees were also planted on these islands. The objective was to create as much habitat diversity as
possible in order to compensate for the type of wildlife species and their habitat that may have
suffered injury from the French Limited Site.
Working with the Parks and Recreation Department of the City of Baytown, the resource agencies,
and the public, the French Limited Trust Group was able to create a tidal marsh, with associated
uplands, that is producing many natural resources and compensating the public for their loss
resources that were associated with the former French Limited Superfund Site. This project was a
major boost for the development of the Baytown Nature Center discussed in the next four
presentations.
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Baytown Nature Center: A Jewel in the Texas
Coastal Birding Trail
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David Dauphin

David T. Dauphin is President of Texas Ornithological Society. He has served on the boards o
Houston Audubon Society, Houston Outdoor Nature Club, Texas Ornithological Society, Housta
Ornithology Group, Friends of the Anahuac National Wildlife Refuge, and the Lower Trinity Valle;
Bird Club. He is past-president of the Houston Ornithology Group, and has spent over 30 years u
the study of birds. A member of the Baytown Nature Center Subcommittee, he is co-author of'V
Birder's Checklist of the Upper Texas Coast". He is licensed by USFWS as a bird brander. He i:
the upper coast field host for the new PBS television series, "On the Birding Trail", which is bein^
shown on public television throughout the U.S. He has a B.A. from Sam Houston State University
and is employed at Exxon Chemical Company in Baytown.
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Baytown Nature Center: A Jewel in the Great Texas Coastal Birding Trail
David T. Dauphin, Texas Ornithological Society, Baytown, Texas

The Baytown Nature Center, approximately 410 acres, has the potential to be the jewel in the Upper
Texas Coast portion of Texas Parks and Wildlife Dept./Texas Department of Transportation's Great
Texas Coastal Birding Trail. Currently containing over 200 acres of 30+ years old mixed hardwood
forest, over 60 acres of created wetlands, over 10 acres of meadow, and 140 acres of lowlands, this
site is surrounded of three sides by upper Galveston system nursery bays and contains fresh water
ponds and inflow.
The unique combination of varying habitats with salt, brackish, and fresh marshes, fields, and woods
attracts a tremendous amount of diverse bird species. Few preserves within the Metroplex and none
within 50 miles of the Galveston Bay system can boast the 315 species of birds that have been
recorded, here. Several endangered and threatened species of birds utilize this site, either seasonally
or annually.
The Great Texas Coastal Birding Trail, stretching within 50 miles of the coast and running from the
Rio Grande to the Sabine River, was established to attract birders, particularly out-of-state birders
to Texas. The Upper Texas Coast checklist lists over 475 species of the 613 species of birds that
have been found in Texas. Having more than half of Texas bird species, the Baytown Nature Center
can boast more species of birds than are on most state's entire lists.
When fully developed for wildlife and wildlife viewing, the Baytown Nature Center will attract a
large number of eco-tourists, who will spend their dollars in the nearby area, thus attracting the
attention of local officials and businessmen even further.
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Baytown Nature Center: A Teacher's Vision
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Janet Simon

Janet Simon is a teacher with the Goose Creek Consolidated Independent School District
Baytown, Texas. She has taught elementary, junior school, high school, and college studenl
Currently she serves as Reading Department Chairperson at Baytown Junior School. Janet has ]VL
in reading from West Virginia University.
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THE BAYTOWN NATURE CENTER: A TEACHER'S VISION
Janet Simon

Teacher and Baytown Nature Center Subcommittee Member

Observing students exploring the nature center and wondering about this habitat and its history is
the vision. To transform the vision into reality we must teach the teachers with the hope they will
introduce their students to the Baytown Nature Center.

Goals for Teaching the Teachers

In cooperation with the Goose Creek Consolidated School District, we designed a program to help
teachers recognize the Baytown Nature Center as a diverse natural resource with a rich historical past
and to encourage them to use the area with their students.

Overview

The six-hour nature center in service begins with a welcome from instructors and a distribution of
journals. Throughout the day the participants write and share their reflections and knowledge so
they can learn from each other as well as the leaders.

Under the tutelage of David Dauphin, we begin with birding and proceed to the following activities:
* locate and make plaster casts of animals for later identification
* collect, identify and taste plants
* gather and learn names of insects
* search for and identify shells along the shoreline

discuss the experience of Indians living in this area
* listen to historical accounts of early visitors
* learn about famous Texans in this area
* seine in the bay and examine the catch
* take measurements of a house foundation and draw conclusions about the original

floor plan
explore the western shore for Indian artifacts

. * pick up man's litter and make generalizations
* journal and share insights
* evaluate the experience

Teacher Responses

Responses from evaluations and journals vary. Teachers express surprise at the transformation of
the former subdivision; many have not visited the area. They write of their frustration with man
abusing the nature center after they collect litter. In their evaluations they enthusiastically support
using the nature center as an outdoor lab.

17



"Where teachers come, students will follow."

And here come the kids! The students' reactions parallel to those of their teachers. Both experien
an awakening of curiosity and interest in the outdoors. Listening to students speak about preservii
this area represents a fringe benefit to each of us.
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Baytown Nature Center: How Did it Happen?
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Bobby Rountree
City Manager, Baytown

Education B.S. - Texas Tech -1971

Employment History Recreation Supervisor - Lubbock State School - 1970-72
Parks & Rec. Dept. - City of Lubbock -1972
Rec. Supt. - City of Baytown - 1972-75
Director of Parks & Rec. - City of Baytown - 1975-86
Asst. City Manager - City of Baytown - 12-1-86
Acting City Manager - City of Baytown - 5-1-89
City Manager - City, of Baytown - 10-6-89 to Present

Professional or
Civic Assoc.
Memberships

Honors & Awards

Texas City Management Association - B.O.D. Past Pres. Of Texas City
Manager Assoc. Reg. IV International City Manager Association
Baytown Area/West Chambers County Economic Development Foundati
B.O.D. United Way Campaign, Past Chairman Baytown Chamber
Commerce - B.O.D. Past Pres. Of Texas Rec. & Park Society Past Pres.
Texas Amateur Athletic Assoc.

"Young Professional Award" - 1981
Texas Recreation & Park Society

"Young Professional Award" - 1982
National Recreation & Park Assoc.

"Outstanding Young Man Award" - 1983
Baytown Jaycees
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BAYTOWN NATURE CENTER: "HOW DID IT HAPPEN?"

Bobby Rountree, City Manager, Baytown

For the better part of 27 years, I have been in a position to be directly involved in the transformation
of the Brownwood subdivision from a beautiful residential neighborhood, to a neighborhood
suffering from the effects of subsidence and frequent flooding. I have lived through Hurricane Alicia
in 1983 that destroyed the area and was the Baytown Parks and Recreation Director responsible for
developing the first park plan for the area after residents were not allowed to rebuild. After several
years of court battles and negative national publicity, the Brownwood subdivision has become an
asset rather than a liability. Although nature has done most of the work, local government, industry,
and a group of dedicated volunteers have provided the vision and resources for this amazing
transformation.

1 have lived through the Brownwood story and have had a unique opportunity to be directly involved
in all of the trials and tribulations during the early years and am now enjoying the positives. I was
the Parks and Recreation Director from 1972 through 1986, the Asst. City Manager from 1986
through 1989, and have been the City Manager since then.
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Brownwood Peninsula: A Historical Perspective
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W.C. Smith

Director of Curriculum for Goose Creek C.I.S.D. - Baytown

Former president of the Bay Area Heritage Society of Baytown and current member of the Boan

Member of the Texas State Historical Association, Texas Archeological Society, and Baytow
Nature Center subcommittee

Education: M.A. History - Texas Technological University
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THE BAYTOWN NATURE CENTER: HISTORICAL ASPECTS

W.C. Smith
School Administrator and Baytown Nature Center Subcommittee Member

Scholars reap the harvest of 10,000 years of human habitation in the Baytown Nature Center. Home
to Paleolithic hunters in the distant past and to modern Americans this century, the Baytown Nature
Center provides the opportunity to study the interaction and impact of Man on his changing
environment.

Located on the Brownwood Peninsula, the Baytown Nature Center is bordered on two sides by the
Houston Ship Channel and is directly east of the San Jacinto Battleground. Archeological evidence
and historical documents chronicle the lives of Native Americans, Spanish and French explorers,
members of Stephen F. Austin's "Old Three Hundred," and more recently workers in nearby oil and
chemical refineries. Early Texas figures such as David G. Bumet, Ashbel Smith, and Sam Houston
made their homes on nearby bays. Few geographical locations have witnessed so much. The
Baytown Nature Center is a rare opportunity for children and adults to learn from their heritage and
to contemplate the legacy they wish to leave to future generations.
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Oysters as Indicators of Bioavailable Butyltins
in Galveston Bay, Texas
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Terry L. Wade
Geochemical and Environmental Research Group, College of Geosciences

Texas A&M University, 833 Graham Road
College Station, TX 77845

409-862-2323 EXT 134 - 409-863-2361 FAX
terry@gerg.tamu.edu

EDUCATION:

Ph.D. University of Rhode Island, Kingston, Rhode Island, 1978 (Chemical
Oceanography)

M.S. University of Rhode Island, Kingston, Rhode Island, 1974 (Chemical
Oceanography)

B.A. Hartwick College, Oneonta, New York, 1971 (Chemistry)

EXPERIENCE:

1998-Present

1993-1998

1992-Present

1986-1992

1986-Present
1984-1986

1984-1986

1982

1979-1984

1978-1984

1971-1978

1970

Deputy Director of Environmental Sciences, Geochemical and
Environmental Research Group, College of Geosciences, Texas A&M
University
Associate Director of Environmental Chemistry, Geochemical and
Environmental Research Group, College of Geosciences, Texas A&M
University
Research Scientist, Geochemical and Environmental Research Group,
College of Geosciences, Texas A&M University
Associate Research Scientist, Geochemical and Environmental Research
Group, Texas A&M University
Member, Graduate Faculty, Texas A&M University
Assistant Research Scientist, Dept. of Oceanography, Texas A&M
University
Adjunct Assistant Professor, Dept. of Oceanography, Old Dominion
University, Norfolk, VA
NASA-ASEE Summer Faculty Fellowship Program, NASA Langley
Research, Hampton, VA
Joint Appointment, Dept. of Chemical Science, Old Dominion University,
Norfolk, VA
Assistant Professor of Oceanography, Dept. of Oceanography, Old
Dominion University, Norfolk, VA
Research Assistant and Graduate Student, Graduate School of
Oceanography, University of Rhode Island, Kingston, RI
National Science Foundation Summer Research Assistant, Hamilton
College, Clinton, NY
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OYSTERS AS INDICATORS OF BIOAVALABLE BUTYLTINS IN
GALVESTON BAY, TX

Terry L. Wade, Yaorong Qian, Jose L. Sericano, David Wylie
Geochemical and Environmental Research Group (GERG)

Texas A&M University, 833 Graham Road
College Station, TX. 77845

Tributyltin (TBT), an active ingredient in antifouling paint, and its degradation products continue to be
detected in the environment ten years after the use of TBT was regulated. TBT was an excellent choice
to solve the costly problem of fouling of the hulls of boats and ships. Although an effective antifouling
agent, tributyltin adversely affects non-target organisms. TBT and its degradation products, dibutyltin
(DBT) and monobutyltin (MBT), were detected in oysters from Galveston Bay collected as part of
NOAA's National Status and Trends (NS&T) Mussel Watch Program. It is interesting to note that
sediments from Galveston Bay show a higher incidence of detection of butyltins when compared to the
entire the Louisiana Province based on EPA EMAP data.

The results from 1986 to 1997 of oyster analyses from Galveston Bay NS&T sites are presented. The
Galveston Bay sites (6) where oyster butyltin concentrations were determined include: Hanna Reef
(GBHR), Ship Channel (GBSC), Yacht Club (GBYC), Todd's Dump (GBTD), Offatts Bayou (GBOB),
and Confederate Reef (GBCR). The locations of these sites are shown in Figure 1. The American oyster
(Crassostrea virginica) samples were collected as part of the NS&T project in the winter (November
to January) in order to collect the oysters before they spawn. All sample analyses were performed using
standard methods that provide precise, reproducible and valid data. Details of the method used have
been reported (Wade et al. 1991). The results from Galveston Bay are compared to oysters and mussels
from other U.S. coastal sites as part of the NS&T project. The concentrations are all reported as ng Sn/g
dry weight of tissue.

Total butyltins (sum of TBT, DBT and MBT) concentrations for the 54 oyster samples analyzed ranged
from below the detection limit of 5 to 861 ng Sn/g (Table 1). The median concentrations were lowest
at GBHR (60 ng Sn/g) and GBOB (63 ng Sn/g), higher at GBCR (246 ng Sn/g) and GBTD (255 ng
Sn/g), and highest at GBYC (574 ng Sn/g) and GBSC (646 ng Sn/g). TBT, the most toxic butyltin, is
also the major butyltin detected (-75%). A concentration of concern for oyster health is estimated at
500 ng Sn/g (Jackson et al. 1998). Oysters collected from GBSC and GBYC exceeded this limit in 10
of 15 (67%) of the samples analyzed. None of the oysters analyzed from the other Galveston Bay sites
exceeded this 500 ng Sn/g limit. It should be noted that the information on the toxicity of butyltins is
limited and TBT is a suspected endocrine disrupter. More research is necessary to prove that even low
concentrations of butyltins are not effecting the environmental health of oysters and other organisms.
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The overall trend in butyltin concentrations for the entire Gulf of Mexico (Jackson et al. 1998) has
decreased from a median of 105 ng Sn/g (1986-1989) to 39 ng Sn/g (1990-1994). This decrease is likely
due to the environmental response to the regulation of the use of TBT in antifouling paints in 1989. The
dramatic decline in butyltin concentrations observed for most NS&T sites (Jackson et al. 1998) is not
observed for all the Galveston Bay NS&T sites (Figure 2). In order to detect a trend (decrease or
increase) in environmental monitoring data many years of data may be required. This is due to the
difficulty separating the variability caused by natural processes compared to changes due to reductions
in inputs. For example, the butyltin concentrations in oysters from GBOB and GBCR were lower in
oysters collected after the 1989 limitations on butyltin usage compared to oysters collected in 1989
(Table 1 and Figure 2). However, the decrease is not monotonic. Oysters from GBYC, in contrast, do
not show a significant decrease from 1989 to 1997. The concentration of butyltins at GBYC was 627
ng Sn/g in 1989 and 549 ng Sn/g nine years later. The butyltin concentration at GBYC in 1997 is above
the concentration expected to be deleterious to these organisms. The reason for the slower decline in
butyltins at some Galveston Bay sites is not apparent, but this trend was also found in other studies of
Galveston Bay.

The likely sources for the butyltins that the oysters are continuing to bioaccumulate include sediments,
boats larger than 25 meters, smaller boats that were painted before these paints were banned (TBT paints
have a useful lifetime of 5 or more years), and/or wastes from shipyards. Bivalves are excellent sentinels
of TBT contamination and allow for the determination of temporal and spatial variations of butyltin
concentrations. Continued monitoring of bivalves to assess trends in the concentrations of bioavalable
butyltin concentrations in Galveston Bay is prudent. Additional regulations of TBT may be required
if current oyster concentrations at GBYC and GBSC do not decline.

Jackson, T.J., T.L. Wade, J.L. Sericano, J.M. Brooks, J.M. Wong, B. Garcia-Romero and T.J. McDonald
1998 Galveston Bay: Temporal Changes in the Concentrations of Trace Organic Contaminants
in National Status and Trends Oysters (1986-1994). Estuaries. 27:718-730.

Wade, T.L, Garcia-Romero and J.M. Brooks. 1991 Oysters as Biomonitors of Butyltins in the Gulf of
Mexico. Marine Environmental Research. 32:233-241.
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Table 1. Galveston Bay Total Butyltin Concentration (ng Sn/g).

Year GBSC GBYC GBTD GBHR GBOB GBCR

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

NS
NS
NS
752
646
NS
524
720
317
NS
NS

452
740
724
488
627
599
469
861
NS
46
NS

255
420
282
175
267
309
220
366
247
22
NS

52
120
199
62
26
58
71
69
NS
5 •
NS

NS
NS
NS
249
67
149
45
70
59
5
NS

350
420
277
265
205
236
220
256
NS
7
NS

1997 NS 549 80 29 32 57

MEDIAN 646 574 255 60 63 246
MIN. 3 1 7 4 6 2 2 5 5 7
MAX. 752 861 420 199 249 420

NS = NOT SAMPLED

33



Clean Trace Metal Measurements in the
Houston Ship Channel

35



Paul Jensen, Ph. D., P.E.
Vice President, PBS&J

Dr. Jensen's experience in Galveston Bay includes work as an officer on cargo ships, a graduate
student and researcher conducting field data collection, manager for several channel deepening
feasibility studies, manager for several water quality studies, and investigator on projects for the
Galveston Bay National Estuary Program. He has a Masters in Oceanography and a Doctorate in
Environmental Engineering, both from Texas A&M University. He is currently a Vice President
with PBS&J, and has been with the same organization since 1979.

36



CLEAN TRACE METAL MEASUREMENTS IN THE HOUSTON SHIP CHANNEL
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Since trace metal standards were developed from laboratory data in the mid-1980s, there has been
a continuing challenge in making field observations at concentrations as low as the calculated
criteria. Over the years attempts to measure the very low concentrations required have been plagued
by analytical difficulties and contamination problems, particularly in dealing with estuarine samples.
Because of these problems, historical metals data (data from the 1970s and 80s) have been shown
to have major problems, with values orders of magnitude higher than are measured with modern
methods. The technology to obtain reliable observations has been slowly evolving over the last
decade, and is still relatively rare and costly. As a result, there are still relatively few accurate
observations of trace metals that can be reliably compared with ambient criteria.

Recognizing the need for accurate data, the Texas Clean Rivers Program, administered in the area
by the Houston-Galveston Area Council (H-GAC), worked with the City of Houston, the TNRCC
and the Texas A&M University Trace Element Research Laboratory (TAMU-TERL), to obtain an
additional set of 24 samples from the Houston Ship Channel (HSC) and major tributaries. The
sampling was performed on July 24, 1997. The TNRCC provided boats and sampling crew, and
TAMU-TERL personnel collected and analyzed the samples using clean techniques.

SAMPLING DESIGN

The primary interest with trace metal data relates to wastewater discharge permits. Stations and
metals were selected in concert with TNRCC staff with experience in Houston area permits. Also,
the TNRCC was interested in obtaining quality data and agreed to participate in the sample
collection. Figure 1 shows the locations of the selected sampling stations.

CLEAN PROCEDURES

Special precautions were taken to assure that sample collection, preservation, and storage would
introduce no contamination. All equipment contacting the water sample (i.e., bottles, tubing sets and
cartridge filters) were subjected to a rigorous acid cleaning procedures in accordance with EPA
Method 1669 (EPA 1995), and double bagged to avoid contamination. Filter cartridges were pre-
cleaned using hydrochloric acid, deionized water and double quartz distilled water, neutralized with
ultrapure ammonium hydroxide and sealed in double plastic bags. In addition, separate glass bottles
for mercury samples, carbon samples (i.e. total, particulate and dissolved) and total suspended solids
(TSS) samples were used. The glass bottles were acid cleaned, combusted at 450°C for 8 hours and
double bagged. Bottles and tubing sets are certified to be metal-free down to the method detection
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limits (MDL) by taking equipment blanks. As required by EPA sampling method 1669, equipment
and field Q A samples were collected to confirm that the sampling was conducted consistently and
cleanly (i.e. sampling was done without contamination). Detailed QA procedures and acceptance
criteria are given in the project report (City of Houston, 1998).

SAMPLING PROCEDURES

As noted before, TAMU-TERL personnel worked on each of two TNRCC boats following clean
procedures. The weighted end of the cleaned Teflon tubing was lowered to approximately 5 feet
above the bottom, and the pump operated to flush the lines. After purging, the pump flow was
continued while the tube was slowly raised to the surface, producing a depth-integrated sample.
While the tube was raised, output from the peristaltic pump went to a fresh in-line German 12175
filter cartridge, producing filtered samples that were immediately sealed, labeled, and placed on ice
for transport to College Station.

In parallel with the metal sampling, the TNRCC field crew collected probe observations of dissolved
oxygen, conductivity-salinity, temperature, and pH. These observations were made at 5-foot
intervals.

Sampling was conducted over a broad geographic area from early in the morning until well after
sunset. Late in the day, one the boats had engine problems. Retrieving this boat prevented one rather
remote station from being sampled. Also, two stations were found to not be accessible by boat. With
these minor limitations, the sampling effort was quite successful.

RESULTS

Table 1 presents the trace metal results along with the quality assurance samples. The data met all
quality assurance criteria, with the Sampler and Field Blanks yielding expected results, and the field
duplicates being very consistent with the original sample results. All the results are well below the
lowest marine water quality criteria shown at the bottom of the table. The metal whose ambient
concentration is closest to its criterion is copper.

During sampling the TNRCC crew collected probe parameters. Salinity ranged from about 20 ppt
in the lower channel to approximately 8 ppt in the upper channel. Figure 2 plots some of the vertical
DO profiles in the channel. Dissolved oxygen levels were typical for summer low flow conditions,
with low values in the upper channel.

COMPARISON WITH OTHER TRACE METAL RESULTS

The samples reported here are not the first clean trace metal measurements on the HSC. Earlier
results include: a 1993 joint TNRCC-Texas Department of Health project; a 1993-94 project by the
City of Houston-EPA (City of Houston, 1995); Gulf Coast Waste Disposal Authority work in 1993-
94; and a 1995 effort by TNRCC and the East Harris County Manufacturers Association (EHCMA).
Table 2 compares results for samples collected in the San Jacinto River area, and Table 3 compares
results for stations on the Ship Channel. The lowest marine criteria are shown at the top of each
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table.

With the exception of the 1993 TNRCC-TDH study where the filters used appear to have leached
some metals making the dissolved results unusable (they were frequently higher than the total metal
concentrations), the results appear quite consistent. Silver and mercury were generally not detected
even with the most sensitive methods. With the exception of the TNRCC-TDH values for Copper,
Nickel and Zinc, all of the values appear quite consistent. In addition to the consistency among
studies for samples from the same area, there appears to be very little difference between results
obtained for the heavily industrialized Ship Channel stations and the much less developed stations
on the San Jacinto River.

DISCUSSION

This study, together with previous high quality metal samplings, demonstrates that trace metal levels
in the heavily industrialized and developed Houston Ship Channel are well below applicable marine
criteria. However, previous experience has demonstrated the need to assure that rigorous measures
are taken to assure quality results. When such measures are taken, it appears that levels are
reasonably consistent among studies. Furthermore, it appears that levels are reasonably consistent
between locations and largely independent of development and industrial activity. The values here
are also similar to those found in other Texas estuaries by Benoit and Santschi (1991). This suggests
that the levels of trace metals in estuarine waters may be controlled by geochemical processes and
affected to only a small degree by anthropogenic activity.
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Most trace metals in Galveston Bay have only been reliably determined in recent years using
state-of-the-art ultra-clean methodology (e.g., Benoit et al., 1994; Stordal et al., 1996; Wen
et al., 1997, 1998). Without such methodology, samples get contaminated by sampling gear
and during handling, and as a consequence, previously reported concentrations are, in most
cases, many orders of magnitude too high. However, to reliably determine total
concentrations is only the first step towards a better understanding of fate, bioavailability and
food chain transfer. Bioavailability and toxicity of trace metals are profoundly affected by
the speciation of the element. For example, trace metal bioavailability and toxicity to
organisms is greatly enhanced when metals are present as labile ionic species. Hence, the use
of the free ion model is prevalent. However, small hydrophobic metal chelates are
bioavailable as are, possibly, macromolecular species through coagulation with food
particles.

Many environmental regulations are still written in terms of the "dissolved" forms. However,
the traditionally defined "dissolved" phase contains not just truly dissolved species (defined
as <1 kDa) but also a considerable portion of colloidal (e.g., 1 kDa to 0.4 /u.m) metals (Benoit
et al., 1994; Stordal et al., 1996a; Wen et al., 1997,1998), with different physical, chemical
and biological properties than truly dissolved forms. Furthermore, colloidal organic carbon
(Guo and Santschi, 1997) also has different properties than low molecular weight forms.
Thus, it is important to learn more about the properties of dissolved organic matter, DOM.

Estuarine dissolved organic carbon (DOC) is a mixture of inputs from riverine inflow,
autochthonous primary production, and allochthonous contributions from adjacent coastal
ecosystems (Burton & Liss 1976). Recent studies in estuaries and coastal waters have
focused on sources of DOC (Bianchi et al. 1997a, Guo & Santschi 1997a), photochemical
and bacterial consumption of DOC (Wetzel et al. 1995, Amon & Benner 1996a, b), as well
as the role of natural organic matter in controlling the transport and fate of trace metals and
radionuclides (Baskaran & Santschi 1993, Benoit et al. 1994, Wen et al. 1997). A significant
fraction of the DOC in estuarine waters is composed of colloidal or macromolecular organic
matter (e.g., Guo & Santschi 1997a), which plays an important role in the carbon cycle, trace
metal scavenging, and biogeochemical processes (e.g., Guo & Santschi 1997b, Santschi et
al. 1997b). Due to recent improvements of sampling and pre-concentration techniques, the
abundance of colloids, DOC molecular weight distribution, and geochemical behavior in
estuaries can be more effectively characterized (Benner et al. 1992a, Guo & Santschi 1997a).

It can be expected that biomolecules such as polysaccharides and proteides can be found in
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the operationally defined colloidal fraction in harbor, estuarine and coastal waters, and
function as strong metal chelators. Depending on the time scale of their involvement in
biological processes, they can continue to do that for days and weeks after their release from
aquatic organisms.

In recent years, our group has made great progress in collecting sufficient amounts of natural
organic matter using rigorously calibrated methodologies in order to use it for
characterization and experimental studies (e.g., Quigley et al., 1996; Guo and Santschi, 1997;
Santschi et al., 1995,1997; Stordal et al., 1996a,b, Wen et al, 1997). NOM was characterized
isotopically (e.g., Santschi et al., 1995; Guo et al., 1997), chemically (e.g., Wen et al., 1998),
and by shapes and forms (Santschi et al., 1998). Large fractions of transition and B-type
metals were found to be organically bound, in part to thiols (e.g., Santschi et al., 1998b).
Some of A-type metals were found to be most tightly bound by acid polysaccharides (e.g.,
Quigley, 1998).

We provided, for the first time, direct visual, chemical and isotopic evidence for the
ubiquitous nature of marine polysaccharide fibrils, using atomic and electron microscopy
(Santschi et al., 1998). These authors collected colloid samples from the Gulf of Mexico
(GOM) and the Middle Atlantic Bight (MAB) of nominal sizes 1-200 nm by cross flow
ultraflltration, diaflltered and freeze dried. Rehydrated colloids were analyzed in parallel by
Atomic Force Microscopy, AFM, and Transmission Electron Microscopy, TEM, using
standardized techniques. Results from estuarine, surface and deep water samples, showed,
for the first time, that an important fraction of COM consists of fibrillar material (Fig. 1),
which is rich in polysaccharides, and "fresher" (i.e., has younger radiocarbon age) than the
bulk COM. These results are important since COM makes up 30-70% of oceanic and
estuarine nominally "dissolved" organic matter (Guo et al., 1995a; Guo and Santschi, 1997,
and references therein). Other micro-particles appear quasi-spherical, often attached to the
fibrils like pearls. In the surface waters of the Gulf of Mexico (GOM), the Middle Atlantic
Bight (MAB) and the Trinity River estuary, fibrils with diameters of 1-3 nm and lengths of
100-2000 nm were predominant in the COM fraction. Although fibrils were also observed
in samples from the benthic nepheloid layer in the GOM (1600 m) and the MAB (2600 m),
a much greater heterogeneity of colloid/macromolecule shapes and sizes was observed in
these deeper waters. Acid polysaccharide-rich fibrils are thus seen in all size or molecular
weight fractions, i.e., in filter-passing fractions, as shown here, as well as in filter-retained
fractions, as was shown previously for "marine snow" (e.g., Alldredge and Silver, 1988;
Mopper et al., 1995).
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Figure 1. Atomic force micrographs (AFM) of colloidal organic matter collected from
Galveston Bay (from Santschi et al., 1998a), showing fibrils and pedogenic organic matter.
Since AFM is enlarging horizontal dimensions, vertical thickness needs to be determined
separately. The polysaccharide-rich fibrils shown here have a thickness of the order of 1-3
nm, and a length of the order of 100's to 1000's of micrometers.
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Toxic Contaminants of Sediments in Puget Sound
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TOXIC CONTAMINATION OF SEDIMENTS IN PUGET SOUND

John Dohrmann, Puget Sound Water Quality Action Team, Olympia, Washington

Nestled between the Cascade and Olympic Mountains in northwest Washington, the Puget Sound
basin covers more than 16,000 square miles. Eighty percent of the area is land and the rest water.
Puget Sound was carved by glaciers to depths of over 900 feet and has close to 2250 miles of
shoreline. The Sound receives its deep, salty water from the Pacific Ocean. Circulation is driven
by an average annual fresh water input of 39 million acre-feet and mixed by a daily tide range of
almost 12 feet (at Seattle). Within Puget Sound are many large bays, creating a system of estuaries
within the estuary.

The industrial history of Puget Sound is only 150 years old. By measuring chemical
concentrations from sediment layers in cores, scientists have shown that the concentrations of
toxic chemicals in sediments follow the history of discharges. Figure 1 shows how lead
concentrations averaged over several stations in Puget sound have changed over time. This is the
"background" level. Concentrations are much higher in hot spots in urban bays and industrial
areas.

Concentrations of toxic chemicals in urban hot spots have been shown to harm a variety of
marine life. Benthic populations are significantly altered and fish have high tissue levels and
suffer liver lesions from exposure to toxic chemicals. For example, a study of the effects of toxic
contamination along the west coast (Myers et al. 1993) found that an English Sole caught in
Elliott Bay in Puget Sound was 34 times as likely to have liver neoplasms as English Sole caught
in the Nisqually Reach, a relatively clean area of Puget Sound.

Public outrage over toxic contamination of sediments was a key factor in the establishment of the
Puget Sound National Estuary Program. During the early 1980s, scientists reported that toxic
chemicals in sediments were causing diseases in fish and health departments issued warnings not
to each fish from urban areas. Public concern about toxic chemicals in dredged material led to
the closing of several disposal sites. In 1985, the Puget Sound Water Quality Authority was
established and directed to develop a comprehensive management plan for Puget Sound. The
1987 Puget Sound Water Quality Management Plan was adopted in December 1986. Puget
Sound became part of the National Estuary Program in 1988.

The Puget Sound Water Quality Management Plan, which is the Comprehensive Conservation
and Management Plan for Puget Sound, sets the following goal for addressing sediment
contamination:

"To reduce and ultimately eliminate adverse effects on biological resources
and humans from sediment contamination throughout the Sound by
reducing or eliminating discharges of toxic contaminants and by capping,
treating or removing contaminated sediments."
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The strategy for achieving this goal is to: (1) classify sediments that cause adverse biological
effects and significant human health risks; (2) implement Sound-wide controls on sources of
contaminants causing sediments to fail the sediment standards; (3) provide rules and sites for
disposal of dredged materials; and (4) expand the urban bay program to provide for additional
source control and consideration of cleanup actions for existing areas of high sediment
contamination levels.

The Washington Department of Ecology adopted sediment management standards for marine
sediments in Puget Sound in 1991. They are published as a rule in Chapter 173.204, Washington
Administrative Code. The standards consist of chemical concentrations plus bioassays. The
sediment management standards also include cleanup screening levels which are used to
designate hot spots for remedial actions.

Although the data from sediment cores show that concentrations of several contaminants have
declined since coal went out of favor as home heating fuel and clean air and clean water laws
were adopted, more source control is needed. Sediment standards are being considered when
new NPDES permits are written and many point source dischargers have been required to survey
the sediments around their outfalls. This information will be used to include additional treatment
in future permits. Stormwater management requirements are being placed on new developments.
Combined sewer overflows and existing urban stormwater systems are some of the most serious
ongoing sources.

The Puget Sound Plan sees navigation dredging as a positive opportunity to clean up historic
sediment contamination. A multi-agency project developed new sites for unconfined open water
disposal of clean sediments plus the testing and decision standards for those sites. Material that
is unsuitable for the open water sites has to go to confined disposal. Standards for confined
disposal sites have been developed but each dredging project must establish its own confined
disposal site. The Corps of Engineers, in cooperation with state and federal partners, is currently
finishing a study of options to provide multi-user confined disposal sites (Army Corps of
Engineers and Washington Department of Ecology, in press).

The Washington Department of Ecology has compiled a database of all available measurements
of sediment contamination and used it to identify sites needing cleanup. The best available
estimate is that out of 3,200 square miles of submerged lands, 6.4 square miles are so
contaminated as to require active cleanup. One square mile can be addressed through capping in
place. The other 5.4 square miles will require dredging of between 3.9 and 12.4 million cubic
yards. The larger dredging volume would cover a football field with a pile half a mile high.

Sediment cleanups are occurring under state and federal superfund statutes, clean water act
authorities, natural resource damage claims, navigation dredging and voluntary efforts. There is
a shortage of confined disposal sites. This causes disposal to be expensive. This makes cleanup
expensive, leading to delays while people fight over their shares of the cost. Because cleanup is
expensive, landowners fear expensive liability if they allow a disposal site on their land. This
fear of liability leads to a more severe shortage of disposal sites, further fueling the cycle of high
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costs and delays. In addition, we lack a stable source of funds to pay the public share of
cleanups.

Puget Sound has made significant progress in addressing toxic contamination of sediments. We
have adopted sediment standards and modernized our approach to dredged material
characterization and disposal. We have identified sites that need cleanup and have general
agreement on cleanup techniques. The main barriers to achieving the goal are the lack of
disposal sites for cleanups, lack of funding for the public share of cleanup, and the problems that
historic contamination causes in identifying and correcting ongoing sources.

Web sites for further information:

Puget Sound Action Team www.wa.gov/puget_sounoV
Washington Department of Ecology www.wa.gov/ecology/sea/smu/sediment.html
Seattle District Corps of Engineers www.nws.usace.army.mil/dnirno/homepage.htni
National Marine Fisheries Service www.nwfsc.noaa.gov/pubs/nwfscpubs.html
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The Galveston Bay system constitutes one of the largest and most economically important estuaries
along the northern coast of the Gulf of Mexico. For many years now, this area has been the
recipient of various environmental contaminant inputs because of an aggressively growing urban
and industrial development. The city of Houston, Deer Park, Baytown, Texas City and Galveston
City, for example, are some of the most heavily industrialized areas on the coast of Texas. For this
reason, the National Oceanic and Atmospheric Administration (NOAA) selected to monitor the
levels of organic contaminants in bivalves from Galveston Bay as part of NOAA's National Status
and Trends Mussel Watch (NS&T) Project.

Since 1986, the NS&T Project has been monitoring, on a national scale, the spatial and temporal
trends in the concentrations of selected trace organic and inorganic contaminants through the annual
collection and analysis of bivalve mollusks. Mussels and oysters are collected for this purpose
because they can reflect changes in chemical concentrations in their environments. These
organisms are capable of increasing or decreasing the concentrations of a number of contaminants
in their tissues to mimic corresponding increases or decreases in their surroundings (Sericano,
1993a). The chlorinated hydrocarbon data (e.g. polychlorinated biphenyls, DDT and its
metabolites, chlordane-related compounds) produced between 1986 and 1997 for six sampling
locations in Galveston Bay are shown in Figure 1 (Houston Ship Channel, GBSC; Yacht Club,
GBYC; Todd's Dump, GBTD; Hanna Reef, GBHR; Confederate Reef, GBCR.

The original sample sites in Galveston Bay (i.e., GBYC, GBTD, GBHR and GCCR) were selected
to characterize the overall concentrations of contaminants away from known point sources of inputs
(O'Connor 1990). In January 1988, additional new sites were selected closer to urban areas (i.e.
GBSC and GBOB). Between 1986 and 1991, samples of indigenous Crassostrea virginica in
Galveston Bay were collected from three stations in each of the sampling locations and analyzed
individually. Starting in 1992, the samples from all three stations from a particular site were
consolidated into one composite sample. Analyses of the samples were performed using Standard
Operating Procedures (SOPs) to provide high quality, precise and reproducible data. Details of the
method used have been published elsewhere (e.g., Sericano et al, 1990; 1993b).
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Figure 1. Sampling Locations in Galveston Bay
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Figure 2. Average Total DDT Concentrations (ng/g, dry wt.) in Galveston Bay Oysters

Average total concentrations of DDTs (sum of o-p' DDT, p-p' DDT, o-p' ODD, p-p' DDD, o-p'
DDE and p-p' DDE) in Galveston Bay between 1986 and 1997 are shown in Figure 2. Average
concentrations ranged from the lowest, detected in GBHR samples (14.5±8.31 ng/g), to the highest
concentration of 135±55.8 ng/g in GBSC. A significant spike in total DDT concentration was
observed at several locations in 1995. During that year, the highest concentration was measured in
bivalves collected near the Houston Yacht Club (500 ng/g).
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Figure 3. Average Total Chlordane Concentrations (ng/g, dry wt.) in Galveston Bay Oysters

Between 1986 and 1997, the average total concentrations of selected chlordane-related compounds
(sum of heptachlor, heptachlor epoxide, a/p/ia-chlordane and frans-nonachlor) ranged from
7.76±4.67 ng/g to 88.3±44.3 ng/g in samples from GBCR and GBOB, respectively (Figure 3).
Comparable low concentrations were encountered in samples from Hanna Reef (average =
7.95±6.15 ng/g) while concentrations in samples from GBSC collected near the Houston Ship
Channel (average = 86.3±44.3 ng/g) were similar to those reported in samples from GBOB. The
highest concentration between 1986 and 1997 was measured in a composite sample from GBOB
(175 ng/g) collected in 1992.
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Figure 4. Average Total DDT Concentrations (ng/g, dry wt.) in Galveston Bay Oysters

Average total concentrations of polychlorinated biphenyls [determined as the sum of 18 individual
congeners and extrapolated to total PCB based on the correlation between the total of all
measurable PCBs and the sum of selected congeners determined during the first years of the NS&T
Program (Jackson et al,.1998)] ranged from 61.4±27.4 ng/g to 783+173 ng/g in samples from
GBHR and GBSC, respectively (Figure 4). The highest average concentration for a site was
measured in a set of samples from GBYC (1950 ng/g) in 1986.
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The trends in concentrations of these contaminants with time were not obvious in most Galveston
Bay locations. Only samples collected from GBYC showed a decrease in concentration of these
chlorinated contaminants with time. With the exception of GBYC samples, total concentrations of
DDTs, chlordane-related compounds and PCBs at each location seem to oscillate around an
average concentration. If the data is grouped in three groups of four years each and the average
concentrations are compared (Table 1), a decreasing trend can be observed for some analytes.

Table 1. Average Concentrations in Galveston Bay Locations in Three Sampling Periods.

Total DDTs
1986-1989
1990-1993
1994-1997

Total Chlordanes
1986-1989
1990-1993
1994-1997

Total PCBs
1986-1989
1990-1993
1994-1997

GBSC

175+83.4
122±49.2

107

87.3±73.7
87.2±45.9

80.57

937*24.5
746±184

627

GBYC

105±39.5
45.4+21.8
273±321

85.3+54.4
29.2+13.0
47.1+48.1

964±719
254±91.3
458+396

GBTD

32.7+18.2
17.5+.6.41
53.6±65.3

26.5±20.1
13.2±10.1
14.0±7.70

150±59.6
133±86.9
128±46.0

GBOB

67.8±3.02
58.2+17.1
50.6*13.2

85.2+4.17
115±57.6
57.5±23.7

225+17.1
223±82.8
261±85.0

GBCR

18.9+1.86
11.5+6.79
20.3+19.4

11.7+3.33
5.18+3.95
5.03+3.55

133+15.6
78.6+31.3
91.5+31.1

GBHR

16.0±8.04
10.1+3.49
20.4±15.3

10.3±3.61
7.62+8.99
3.71+0.03

65.3+27.5
57.2+37.7
61.7+.8.41

Not surprisingly, the lowest concentrations were observed in more remote regions of the Bay, i.e.
Hanna Reef, while the highest concentrations were measured in samples collected closer to urban
areas. When concentrations encountered in locations within Galveston Bay are compared to the
other locations in the Gulf of Mexico (Figure 5), GBSC and GBYC are ranked with the top 10%
most contaminated locations followed closely by GBTD and GBOB in the next 10%. Only GBHR
and GBCR samples are occasionally ranked in the lower 50%.

Figure 5. Cumulative Percentage Distribution Plot of Average Concentrations of Total DDTs,
Chlordanes and PCBs in Gulf of Mexico Oysters.
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In conclusion, concentrations of these chlorinated hydrocarbons in Galveston Bay oysters do not
present a clear trend with time.. Although, the variability in concentrations that occur among the
years at one given site is significant, a decreasing trend can be observed at some locations for some
of these analytes if the data is grouped and the average concentrations compared. A comparison of
the contaminant concentrations measured in Galveston Bay oysters with those reported for the
NS&T Project in the Gulf of Mexico shows that three Galveston Bay sites (GBSC, GBYC and
GBOB) are ranked within the most contaminated sites. On the other hand, GBHR is ranked within
the cleanest locations in the Gulf of Mexico.
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ASSESSMENT OF SEDIMENT TOXICITY IN GALVESTON BAY, TEXAS
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NOAA's National Status and Trends Program estimates the spatial
extent of coastal environmental degradation due to contamination
by toxic chemicals, using a series of regional studies as a basis
for integration on a national scale. As part of the program,
sediment toxicity in Galveston Bay, Texas was studied in August,
1996.

Stations were selected based on a stratified-random design. Figure
one illustrates the location of the seventy-five stations and the
strata delineation. The strata were defined based on
physiographic features, oceanographic regimes, and/or resource
management considerations. The sampling area encompassed 1351 km2-
from San Jacinto State Park southward to, and including, the
immediate waters of the Gulf of Mexico. The sediment quality triad
(SQT) concept was used as an effects based approach to assessing
the degree and extent of toxicant induced habitat degradation. The
three components of SQT are: (1) assessing chemical contaminant
concentrations of over 70 analytes, including heavy metals,
polychlorinated biphenyls, pesticides, and polynuclear aromatic
hydrocarbons in the surficial layer of sediment; (2) sediment
toxicity testing, including a 10 day amphipod survival test done
with whole sediment, a sea urchin fertilization and 48 hour
embryonic development test done with porewater, and Microtox™
response and P450 Reporter Gene System tests done with organic
extracts; and (3) benthic macroinvertebrate community
characterization.

Preliminary data show that among the toxicity tests used, the
Microtox™ response (Photobacterium phosphoreum) was the most
pervasive, notably in the upper reaches of the bay and in West
Bay. Fifty-nine of the seventy five stations sampled were
significantly toxic. A similar toxicity pattern, but at fewer
sites, was evident from the results of the sea urchin (Arbacia
punctulata) fertilization and embryological development tests.
Significant toxicity at 100 percent porewater concentrations
occurred in 40 and 34 stations for the fertilization and
development tests, respectively. The number of significantly toxic
stations decreased accordingly as the porewater was diluted to 50
and 25 percent. No toxicity could be inferred from the amphipod
(Ampelisca abdita) survival test. The percent survival ranged
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from 88 to 100. This pattern of sediment toxicity is coincident
with results of the Reporter Gene System (RGS) bioassay that
showed generally higher values in the northern portion of the bay,
but the values were lower than those associated with impaired
benthic community structure. The benthic macrofauna taxa
consisted of 46.5% Annelida, 23.7% Mollusca, 23.3% Crustacea, 0.5%
Rhynchocoela, and 6.2% other taxa. The highest faunal densities
occurred in Trinity and West Bays. Trace metal and organic
compound concentrations did not follow this pattern as closely.
Numerous stations throughout the Bay exceeded the ER-L sediment
quality guidelines for both trace metals and organic compunds but
only two of the seventy-five stations exceeded an ER-M sediment
quality guideline. Table one provides the range of
concentrations, the mean concentrations and standard deviations
and ER-L and ER-M values for selected analytes. Further analyses
of data continue, including distribution patterns among sediment
toxicity, benthic fauna, and levels of contaminants in sediment.
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Figure One: Galveston Bay
Station Location is and Strata Delineation
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Table One: Selected Chemical Contaminant Concentrations in
Galveston Bay and associated Sediment Quality Guidelines.

Heavy Metal
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Silver
Zinc

Organic Compounds
Acenaphthene
Acenaphthylene
Anthracene
Fluorene
2Methyl naphthalene
Naphthalene
Phenanthrene
Low molecular wt. PAH
Benzo(a)anthracene
Benzo(a)pyrene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Pyrene
High molecular wt. PAH
total PAH
p,p'DDE
total DDT
total PCBs

Range of
Concentrations

ND - 13.35
0.01 - 0.21
3.44 - 84.13
1.61 - 33.22
5.72 - 37.7
ND - 0.17
ND - 28.95
0.04 - 0.52

6.77 - 167.57

Range of
Concentrations

0.2 - 34.9
ND - 26.6
0.1 - 228.3
0.2 - 34.5
ol- 11.0
0.5 - 18.4
6.2 - 501.5

4.3 - 1944.8
61- 676.4
0.1 - 335.3
0.1 - 711.6
ND - 66.1

0.1 - 1473.0
0.2 - 1502.7
1.5 - 8393.3

5.4 - 10586.7
ND - 2.16

ND - 451.54
2.27 - 60.79

Mean
Concentration

± stdev
5.91 ± 3.40

0.09 ± 0.056
41.03 ± 18.55
10.72 ± 6.32
16.85 ± 6.41
0.05 ± 0.032
15.09 ± 7.4
0.12 ± 0.06
65.8 ± 31.92

Mean
Concentration

± stdev
1.8 ± 4.54
3.1 + 4.24
8.8 ± 28.38
2.4 ± 5.15
2.4 ± 2.12
4.2 ± 2.72

13.6 ± 59.10
138.4 ± 254.71
19.1 ± 78.79
16.0 ± 41.46
22.8 ± 83.85
3.5 ± 8.29

38.6 ± 170.85
43.8 ± 175.03
317.6 ± 993.01

468.4 ± 1262.78
0.13 ± 0.30

7.37 ± 52.32
7.61 ± 8.60

ERL (ppm,
dry wt.)

8.2
1.2
81
34

46.7
0.15
20.9
1.0
150

ERL (ppb,
__drxwt.)

16
44

85.3
19
70
160
240
552
261
430
384
63.4
600
665
1700
4022
2.2
1.58
22.7

ERM (ppm,
dry wt.)

70
9.6
370
270
218
0.71
51.6
3.7
410

ERM (ppb,
_____jiry wt.)

500
640
1100
540
670
2100
1500
3160
1600
1600
2800
260
5100
2600
9600
44792

27
46.1
180
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Sediment Quality in the Vicinity of Permitted Discharges and Selected Land-use Practices.

Galveston Bay is the largest and most productive estuary in Texas. The introduction of
anthropogenic contaminants into certain portions of the estuary is suspected to be a major
factor hi the decline in species diversity in these areas. Estuaries are the eventual repository
for the contaminants that are either discharged directly into these unique environments or
delivered indirectly by tributary streams and rivers. These contaminants are often
preferentially associated with suspended sediments and are eventually deposited on the bottom.
These sediments can serve as potential sinks and sources for pollutants. The evaluation and
management of these contaminants has been problematic due to their persistent nature and
patchy distribution. Once contaminated sites are discovered, the remediation process can
often be quite lengthy and technologically difficult.

The primary objective of this study was to characterize the potential relationships between
various shoreline human activities on contaminant levels, sediment toxicity, and benthic
communities in adjacent waterbodies. In addition, relationships between surrounding land-use,
both far-field and near-field, and these parameters were evaluated. The sediment quality triad
approach was used to evaluate potential mechanisms and sources responsible for observed
levels of contaminants, toxicity and benthic community composition. The EPA EMAP benthic
index, a contamination score (CS = exceedances of NOAA, TNRCC and EPA screening
criteria) and toxicity score (TS = # of toxic responses to 3 bioassay tests (sheepshead acute
test, mysid chronic and acute, and Microtox bacterial test) was used to construct the sediment
quality triad. The final objective of this study was to evaluate the practicality, accuracy and
predictability of various contaminant and toxicity scoring methods for evaluating benthic
community response. The intent was to begin laying the groundwork for the development of
future sediment quality criteria.

The results of this study illustrate the potential influence of various industries and land use
practices on sediment contamination and resulting impacts on benthic communities. However,
site specific differences due to surrounding land-use and loading into the watershed will modify
these impacts. For example, open bay sites were, in addition to being located far from point
sources, are also found in areas with little surrounding land. They therefore possessed a
higher potential for greater dilution. Only general patterns, not definitive rules regarding the
relationship between shoreline land use and industries and sediment contamination, toxicity and
benthic communities were discovered during this survey.

In general, spatial patterns in benthic communities revealed by cluster analysis, yielded logical
groupings of stations (clusters) that correlated well with patterns in chemical contamination and
toxicity. We found two groups, clusters 1 and 3, containing chemical handling facilities, ship
maintenance facilities, and 1 domestic wastewater treatment plant (Table 1). These sites
generally in addition to having degraded benthic communities also contained a high degree of
contamination and toxicity (Figs. 1-6). Based on the results of our survey additional
consideration of the effects on sediment contamination and benthic communities should be
taken into account by water quality managers when evaluating the siting and operations of ship
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maintenance, chemical industry, and at least some wastewater treatment plant facilities.
Investigators should however be careful when evaluating these sites, since previous land use
practices, watershed loading, and modifying variables (e.g. dissolved oxygen) may influence
present day contaminant levels, benthic communities and toxicity observed at these sites (Fig.
7 and 8).

Based on our study and the development of sediment assessment tools by EPA and NOAA
status and trends programs and others, it is now possible at this time to begin to construct
technically defensible sediment quality screening levels based on biologically relevant
endpoints and chemical equilibrium partitioning theory. Eventually after additional research,
site specific (e.g. Texas estuaries) chemical screening criteria and/or approaches could be
incorporated into an existing water quality standards program. A variety of approaches
ranging from specific numerical criteria to a tiered risk assessment approach similar to the
U.S. Army Corp of Engineer's evaluation of dredge material discharges could be developed.
This would however be a very lengthy process. Various site specific conditions (e.g.
salinity, currents, physical and chemical sediment characteristics), often have a strong
modifying influence of in-situ sediment chemistry and/or toxicity. The implementation of
control measures (via permitting or land use control) necessary to meet standards would be at
this tune difficult due to our incomplete understanding of the relationship of between water
quality and contaminant partitioning between water and sediment.

Careful consideration of the impacts of dredging near outfalls and adjacent areas contributing
significant amounts of contaminants is warranted. Current dredging practices usually rely on
mid-stream estimates of sediment contamination and do not look at the potential impacts of
dredging contaminant "hot spots". Specifically the TNRCC may want to re-evaluate and/or
modify current guidance on water quality certification (401 certification) of dredge projects
(404 permits) near land-use activities identified in this report as having a higher likelihood of
causing water quality problems if disturbed.

Further research on watershed transport and deposition of sediment bound contaminants is also
needed. The major focus on water quality monitoring and modeling has historically focused on
water column effects and not on the potential linkage between suspended particles and bound
contaminants. This relationship has practical implications during the TMDL process.
Transport and loading of contaminated sediments may not violate current water quality
standards but may create "hot zones" in depositional areas located in estuaries. Some parts of
Galveston Bay and other Texas estuaries are particularly vulnerable since a large amount of
sediment is transported from the highly urbanized and industrialized tributaries.

Finally, extensive research is needed to better define the relative contributions of near-field
sediment sources (e.g. discharges, spills etc) and watershed level loading (point and non-point
sources). It is recommended that additional monitoring around fewer sites along with
depositional contaminant loading studies would help answer many of the questions raised
during our study. Specifically, how extensive is the sediment contamination around some of
the sites we identified? Do they extend beyond the legally defined "mixing zone" which has
been developed primarily to address water column impacts.
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Figyre 1. Contamination scores at each station type. Mddle line in box denotes median, upper and lomer bounds enclose (Q1) 25th and
(03)75th percentiles, whiskers = Q1 or Q3 +/• (Q3-Q1), outliers are denoted by asterisks.
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Figure 2. Contamination scores as station cluster.
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Figyre 3. Toxicity scores at each station type,

85



Figure 4. Toxicty scores at each station cluster.
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Figure 5. Benthic index scores at each station type.
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Figure 6. Benthic index scores at each station cluster.
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Figure 1. Bottom dissolved oxygen levels at each station type.
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Benthic Community Dynamics
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Duke University(1968). His professional experience has included 10 years at the Woods Hole
Oceanographic Institution, 8 years at the Brookhaven National Laboratory and 11 years at Texas
A&M, where he is presently a Professor of Oceanography. Dr. Rowe has published over 100
scientific or technical papers, in addition to editing or co-authoring several volumes devoted to
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BENTHIC COMMUNITY DYNAMICS IN GALVESTON BAY, TEXAS

Gilbert T. Rowe, John Morse and Marta E. Cruz Kaegi
Department of Oceanography, Texas A&M University, College Station, TX

Gregory S. Boland
Minerals Management Services, Dept. of the Interior, New Orleans, LA

Elva Escobar Briones
Institute Ciencias del Mar y Limnologia, Universidad National Autonoma de

Mexico, DF, Mexico

Galveston Bay is a large, warm-temperate estuary that is rich in fisheries resources because of its
high biological productivity. As a shallow estuary with a mean depth of approximately 2 to 3
meters (6 to 10 feet), as in most shallow water ecosystems," benthic-pelagic coupling" (an
interdepentdent exchange of nutrients between the water and the sediments) is presumed to have a
dominating influence on ecosystem productivity in Galveston Bay. Regional ecologists however
disagree about the rates of sediment-water exchanges of biological metabolites over much of
Galveston Bay. Whether such rates are intense or not in Texas estuaries, including Galveston Bay,
is important to state water resource managers who regulate freshwater flow from rivers into the
headwaters of the estuaries.

In the studies reported here, sediment oxygen consumption (SOC) and inorganic nutrient production
have been measured in in situ benthic incubation chambers across a representative range of
environmental conditions in the sediments of Galveston Bay. The experimental chambers are set
in place by SCUBA divers from Texas A&M's Department of Oceanography. The scientific divers,
mostly graduate students or their faculty advisors, resample the water in the chambers every few
hours using hypodermic syringes. The water samples are then analyzed aboard ship or back at
University laboratories in College Station or at Fort Crockett in Galveston. Estimates of community
biomass (macrofauna, meiofauna and bacteria) were made at the same sites using diver-held grab
or core sampling, followed by laboratory sorting and biomass determinations. The bacteria in the
sediments were stained and counted directly using an epifluorescent microscope in College Station.
In these investigations, the mean of the community metabolism, which includes anaerobic processes,
was high (49.8 mmol oxygen consumed/mA2 -day; equal to 508 mg C /mA2 -day), but the mean total
community biomass was relatively low (5.8 g C /mA2, including sulfate reducing bacteria),
indicating that the "total" biota were characterized by a rapid mean turnover time (ca. 11.4 days).
The bacteria, living in the pore water as well as on silt and clay-sized grains of the sediments,
dominated the biomass. The net flux of regenerated inorganic nitrogen, mostly in the form of NH4+,
had a mean value of 4.9 mmol N /mA2 -d, which is believed to be a significant source of nitrogen
for photosynthetic organisms. It is suspected that about 25 to 50% of the potential nitrogen
feedback is actually lost in the form of N2 gas due to denitrification. Photosynthesis by pennate
diatoms on the sediment surface can be exceptional when light conditions permit, and this is believed
to contribute to the bay's high biological activity. It is hypothesized that the low biomass of the
macrofauna may be a result of "top down" predation, probably by shrimp.
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Position: Ph.D. student/teaching assistant for Ecology, Limnology, and Introductory Biology.

Education: Baylor University from August 1988 to August 1990
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REGIONAL ENVIRONMENTAL MONITORING AND ASSESSMENT PROGRAM -
GALVESTON BAY 1993

Cynthia Gorham-Test, U. S. Environmental Protection Agency, Region 6, Dallas, Texas

Terry Wade, Texas A&M University, Geochemical and Environmental Research Group, College
Station, Texas

Virginia Engle and Kevin Summers, U. S. Environmental Protection Agency, National Health
and Environmental Effects Research Lab, Gulf Breeze, Florida

Evan Hornig, U. S. Environmental Protection Agency, Region 6, Dallas, Texas

The Regional Environmental Monitoring and Assessment Program (R-EMAP) Study of Galveston
Bay, Texas was developed to address the ecological health of this estuary by identifying benthic
community structure, measuring toxicity of sediments, and measuring concentrations of various
pollutants in the sediments. The R-EMAP Study of Galveston Bay was proposed after the EPA's
1991 EMAP Study of the Louisianian Province estuaries identified Galveston Bay as an area of
concern. The sampling design and ecological indicators employed for the R-EMAP Study of
Galveston Bay are based on the EMAP concept, but they were limited to one sampling event and a
locally intensified EMAP sampling grid was used.

The purpose of this study was to characterize the condition of Galveston Bay as a whole, characterize
conditions of four small bays in the Galveston Bay Complex, and determine the impacts of marinas.
For comparison of the main body of Galveston Bay with other systems and the Louisianian Province
as a whole, twenty-nine randomly selected sites were chosen to represent 1305 km2 of surface area
of Galveston Bay. Random sites were located in Galveston Bay (GB), Trinity Bay (TB), East Bay
(EGB), and West Bay (WGB). In addition, a random sample was taken for each of four important
small bays associated with Galveston Bay: Clear Lake (CL), Dickinson Bay (DKL), Moses
Lake/Dollar Bay (MLDL), and Offatt's Bayou (OB). Also, five marina sites (MA) were chosen to
determine local marina influences (Map 1). This study did not include an analysis of conditions in
the upper Houston Ship Channel, the Trinity River, or any other major tributaries.

The Louisianian Province EMAP Study consisted of 96 sites which represented 25,725 square
kilometers of estuarine area. The Louisianian Province extends along the Gulf Coast from Anclote
Anchorage, Florida to the Rio Grande, Texas.

A comparison of the EMAP Study of the Louisianian Province with the R-EMAP Study of
Galveston Bay did provide insight into the differences between Galveston Bay and its Small Bay &
Marina Sites, and the entire Louisianian Province. These comparisons revealed that the EMAP
results were useful as a screening tool to determine which systems had toxic pollutants or biological
impairment and therefore, should be studied in more detail.
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The Sediment Quality Triad approach was used in this study to differentiate between degraded sites
and undegraded sites. The Sediment Quality Triad consists of three components: Benthic
Community Structure, Sediment Chemistry, and Sediment Toxicity. For this study, a degraded site
was defined as a site which has at least two of the Sediment Quality Triad Components indicating
degradation.

Benthic Community Component
Several metrics were used to determine the benthic community health. The most informative metrics
were the benthic index (Engle & Summers, in press), the benthic diversity index (the Shannon-
Weiner index), number of species per site and abundance of amphipods at each site. The Benthic
Index incorporates both the diversity index and amphipod abundance (Engle, et. al., 1994). The
Shannon-Wiener diversity index is a measure of both species richness and species evenness (i.e., the
distribution of individuals among species). The proportions of the benthic index values in the
Galveston Bay area were higher or similar to the proportions reported for the Louisianian Province
in the 1993 EMAP Study (Table 1). In contrast, amphipod occurrence in Galveston Bay sediments
was significantly lower than in the entire Louisianian Province sediments. Small Bay and Marina
Sites in Galveston Bay had no amphipods present and had much lower index values relative to
Galveston Bay and the Louisianian Province sites (Maps 2 & 3).

A degraded Benthic Component was found at 7 of 29 sites in Galveston, and 8 of 9 Small Bay &
Marina Sites (Map 2).

Sediment Toxicity Component
Ampelisca abdita (the tube dwelling amphipod), and Mysidopsis bahia (a mysid shrimp) were used
as the lab organisms to test toxicity. Toxicity was not seen when using mysid shrimp as a test
organism, but toxicity was reported when using amphipods. Sites with toxic sediments included:
Offatt's Bayou (OB), Dickinson Lake (DKL), and West Galveston Bay near Swan Lake (WGB1).
Toxicity was present at 3.5% of Galveston Bay area and 22% of Small Bay and Marina sites.
Toxicity could not be associated with any of the measured parameters including presence or absence
of natural amphipod populations present at each site.

Toxicity results revealed a low occurrence of acute toxicity in Galveston Bay sediments.

Sediment Chemistry Component
Sediment contaminants analyzed included 44 individual Polynuclear Aromatic Hydrocarbons
(PAHs), High Molecular Weight PAHs and Low Molecular Weight PAHs, 20 polychlorinated
biphenyl congeners, 24 pesticides (including DDT and its derivatives), 15 heavy metals, and 3 forms
of butyltin. Sediment grain size, percent silt-clay content, total organic carbon, and acid volatile
sulfides also were measured.

The contaminants were compared to established criteria including NOEL, ERL, and ERM. The
range-low (ERL) criteria was established using the lower 10th percentile of effects data for the metal
or chemical. Concentrations equal to or above the ERL, but below the ERM, were used to represent
a possible-effects range within which effects would occasionally occur. The range-high (ERM)
criteria was established using the 50th percentile of the effects data. The concentrations equal to or
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higher than the ERM value were used to represent a probable-effects range within which effects
would frequently occur (Long, et al., 1995). The concentrations equal to the NOEL value were used
to represent the highest level at which "no observed effects' occurred (MacDonald, 1992). In
addition, anthropogenic enrichment of metals was measured. Enrichment was determined using
regression equations for each metal against aluminum concentrations in the sediments, because
aluminum does not have a significant anthropogenic source. Aluminum values covaried with
sediment texture and other heavy metals in the sediments. However, a significant relationship (R=
-0.44) was not found between aluminum and the benthic index (Map 3).

In Galveston Bay, arsenic, copper, lead, nickel, and zinc exceeded the ERL but not the ERM criteria
at one or more sites sampled (Table 2, Figure 1). NOEL values, but not ERL-values, were exceeded
at one or more sites for arsenic, chromium, lead, mercury, and zinc. Sites with the most metals
contamination included Offatt's Bayou (OB), Clear Lake (CL), Moses Lake/Dollar Bay (MLDL),
and two Marina sites (Map 4). All of these sites were Small Bay and Marina sites, which were
chosen, not randomly selected, so they are not included in comparisons of Galveston Bay with the
La. Province 1993 EMAP sampling area. However, several of the randomly sampled sites in
Galveston Bay did have exceedences for arsenic, chromium, nickel, and zinc. Most sites with
chromium, copper, lead, nickel, and zinc concentrations exceeding NOEL or ERL values were
classified as having anthropogenic sources for these metals (Figure 2).

The Galveston Bay area (represented by the 29 randomly chosen sites) had chromium and nickel
distributions that were higher than would be expected when compared to the entire Louisianian
Province area. The percent of area with exceeded values in Galveston Bay were compared to the
percent of area with exceeded values in the entire Louisianian Province as reported in Macauley, et
al., 1995. Arsenic distributions in Galveston Bay were lower than expected when compared to the
Louisianian Province, while zinc distributions were similar. Copper values above ERL values were
found in the small bays and marinas. However, copper values above ERL valueswere not found in
the randomly sampled area representing Galveston Bay, nor in the entire Louisianian Province area, i

Tributyltin (TBT) is toxic to marine animals and is used in anti-fouling paint for boats, buoys, and
docks. TBT has been restricted for use in recent years to only larger boats in an effort to reduce the
amount of TBT contamination in the marine environment. Values exceeding 1.0 ppb in the 1
sediments are used as a screening criterion based on studies by Laughlin, et al. (1984).

TBT concentrations were higher in Galveston Bay sediments than expected with values greater than
1 ppb occurring in 52% of the area, compared to 31% of the total Louisianian Province area (Figure
3). Considerably higher TBT values (13.3 ppb to 40.7 ppb) occurred at four of five marina sites and
in Offatt's Bayou (Map 5). A significant relationship was found between butyltin concentrations in
the sediments and butyltin concentrations in the water column.

Sites with high Dieldrin and Endrin concentrations in the sediments were located in upper Galveston
Bay (GB1,2,3,4, MA2), Clear Lake (CL, MA3, MA4), and upper Trinity Bay (TBS, TB10).

For the Louisianian Province, Dieldrin and Endrin both were found to exceed the ERL guidelines
at 57% and 18% respectively, of EMAP sites. Both Dieldrin and Endrin concentration exceedence



by area were lower in Galveston Bay compared to the Louisianian Province. Dieldrin and Endrin
ERL values were exceeded at 17% and 5% respectively in Galveston Bay, and 21% and 7% for
Galveston Bay and the Small Bay and Marina sites. No other pesticides measured (including DDT
and its associated metabolites) exceeded ERL values for either study.

Polynuclear Aromatic Hydrocarbons (PAHs) were examined for exceedence of NOEL, ERL, and
ERM screening values. PAHs exceeding ERL values in Galveston Bay included only C3-fluorene
at site TBS in Trinity Bay where several active oil wells are located (Map 6). PAHs exceeding
NOEL, but not ERL values in Galveston Bay included Acenaphthylene and High Molecular Weight
PAHs only found at site TBS in Trinity Bay. Distributions of Low Molecular Weight PAHs and
High Molecular PAHs for Galveston Bay showed that three sites had PAHs that were considerably
higher than at the other sites in the Galveston Bay area represented by the randomly chosen sites,
TBS, WGB1, WGB2 (Map 6).

C3-fluorene exceeded ERL criteria in 3% of Galveston Bay (site TBS), which was similar to
exceedences found in the entire area of the Louisianian Province. Also, the NOEL value for high
Molecular Weight PAHs was exceeded at site TBS. In the Louisianian Province, only C3-fluorene
ERL values and High Molecular Weight PAHs ERL values were exceeded.

Sites in East Bay Bayou, located on the Intracoastal Waterway (ICWW), also had PAH
concentrations higher than ERL values. Sediment concentration in the ICWW exceeded ERL
guidelines for C2- & C3- Fluorene and C3- Phenanthrene. Nearby oil fields could have been a
possible continuous source of PAHs in this area (Map 6).

Polychlorinated Biphenyl (PCB) concentrations in Galveston Bay did not exceed the sediment
quality low-level ecological effects screening value of 22.7 ppb. And, only 1% of the Louisianian
Province area had exceedences of PCBs in the sediments.

The major variables used to determine degraded sediment chemistry in Galveston Bay included
metals, butyltins, PAHs, pesticides other than DDTs, and silt-clay content. These variables were
compressed into one factor using Principal Components Analysis (PCA). Sites with the highest
compressed significant environmental factor values for sediment chemistry include Offatt's Bayou,
Moses Lake/Dollar Bay, Clear Lake, four of the Marina sites, and two sites near large brine
discharges in the Trinity Bay area (TBS and GB6). These sites were located near the shorelines and
near areas of high anthropogenic activities (Map 7).
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Site Degradation
For this study, a degraded site was defined as a site with at least two of the Sediment Quality Triad
Components indicating degradation. A marginal site was defined as a site with a benthic index value
from 4.0 to 5.1 (which represents a marginal benthic component) and with a degraded sediment
chemistry component. Heavy metal concentrations greatly influenced the determination of degraded
sites for the Sediment Chemistry Component of the Triad.

The most degraded areas in the Galveston Bay Complex included seven Small Bay and Marina Sites
and five randomly chosen sites in the open bay. Offatt' s Bayou (OB), Clear Lake (CL) and its marina
sites, Lafayette Landing and South Shore (MAS and MA4), Upper Galveston Bay at the Houston
Yacht Club (MA2), Upper Galveston Bay near the upper Houston Ship Channel (GB1), Upper
Galveston Bay near Smith Point (GB7), Moses Lake/Dollar Bay (MLDL), Dickinson Lake
(DKL),mid-Trinity Bay (TBS) and Trinity Bay near the river mouth (TBS, TB9), and mid-East
Galveston Bay (EGB5) (Table 3, Map 8). Seventy-eight percent of the Small Bay and Marina Sites
were degraded, compared to 48% of the open Galveston Bay area classified as either degraded or
marginal. Most degradation was seen in areas nearer the shorelines, and in areas with high
anthropogenic activities such as marinas, industrial activities, and oil wells.
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Table 1. Benthic Community Structure Group Comparisons by Percent of Area or Sites.

GB Small Bays/Marinas

Galveston Bay

Louisiana Province

Benthic Index

<3

78%

17%

23%

3 - 5

11%

31%

37%

>5

11%

52%

40%
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Table 2. Metal Concentration Ranges, and NOEL & ERL Exceedences
in Sediments of Galveston Bay and Its Associated Small Bay & Marina Sites.

Heavy
Metals

Arsenic

Chromium

Copper

Lead

Mercury

Nickel

Zinc

NOEL ERL

8

33

28

21

0.1

NA

68

8.2

51.0(81.0)

24.0 (34.0)

46.7

0.15

20.9

150.0

Galveston Bay
Percent Exceeded
NOEL ERL

17%

72%

0%

38%

0%

NA

55%

17%

52% (0%)

0%

0%

0%

55%

4%

Small Bays/Marinas
Percent Exceeded
NOEL ERL

33%

89%

67%

67%

11%

NA

78%

22%

78% (0%)

67% (44%)

11%

0%

78%

22%

Percent ERL
Exceeded

in the Louisianian
Province Area

33%

9%

0%

0%

3%.

35%

4%
ERL and ERM exceedence values were taken from Long, et al. (1995).
ERL and ERM exceedence values in parentheses were taken from Long and Morgan (1990).



Table 3. Degradation at Each Site Indicated by the Sediment Quality Triad Components.
Station
GB1
GB2
GB3
GB4
GB5
GB6
GB7
GB8
GB9
GB10
GB11
GB12
TB1
TB2
TBS
TB4
TBS
TB6
TB7
TBS
TB9
TB10
EGB1
EGB2
EGB3
EGB4
EGB5
WGB1
WGB2
OB
MLDL
DKL
CL
MAI
MA2
MA3
MA4
MAS

Benthic Index _
X
X

X
X

X

X

X

X

X

X

X

X
X
X

X

X

X -
X
X
X

X
X
X
x

Sediment Chemistry Sediment Toxicity
X
X

X

X
X

X

X
X

X

X
X

X
X
X
X

X
X

X
X
X
X
X

X

X

X

X = Values indicate degradation (Benthic Index Values less than 4.0),
x = Benthic Index Values between 4.0 and 5.1.
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INTRODUCTION
Texas has nearly 1.3 million households in rural areas. Because these homes are not served by

central wastewater collection systems, they must rely on septic systems for disposal of domestic
wastewater. Failing septic systems allow pathogens and nutrients to enter the waters of Texas and have
been identified as a potential cause of nonpoint source pollution in many waters of the state (TNRCC,
1996). These contaminants threaten the health and well being of rural residents and limit use of these
waters for drinking water, recreation, and agriculture.

Typically, on-site systems in Texas include a septic tank and soil absorption field. However, in
many parts of the state, soil and/or ground water conditions are not conducive to conventional
wastewater treatment using an absorption field. Therefore, the need for advanced treatment came to the
forefront of the state's wastewater treatment research agenda. Consequently, considerable effort has been
expended on implementation and evaluation of alternative on-site wastewater treatment methodologies,
including constructed wetlands.

Constructed wetlands offer practical wastewater treatment in areas where poor soil conditions or
high ground water do not allow installation or satisfactory performance of conventional on-site systems.
Because they are natural systems, constructed wetlands are effective, reliable, simple, and relatively
inexpensive to install and maintain. In addition, constructed wetlands, especially when planted with
ornamental vegetation, provide a more aesthetically pleasing alternative than many other on-site
wastewater treatment systems.

The Texas Sea Grant College Program, Texas Agricultural Extension Service , and Brazoria
National Wildlife Refuge designed and built a constructed wetland system, in
February - June 1997, to provide secondary treatment of septic effluent from an eight pad volunteer
camp site at the refuge. The system consists of two 1000 gallon septic tanks, two constructed wetland
cells, with water control structures, and a 1200 foot traditional drain field. The wetland cells are 14 x 28
feet and filled with 18 inches of pea-gravel. Decorative flowering plants (canna lilies, irises, green
tarrow, Thalia, umbrella palms, and rushes) are planted in the gravel. The effluent flowing through the
wetlands is maintained at a level at least 3 inches below the surface of the gravel, eliminating
objectionable odors.

BACKGROUND
Two-thirds of the US's land area is unsuitable for traditional septic systems (Perkins, 1989). On-

site wastewater treatment and disposal in difficult areas has come under close scrutiny by federal and
state agencies. This scrutiny resulted in increasingly stringent regulatory controls on design, testing,
manufacture, installation, and maintenance of on-site treatment systems. One solution for wastewater
handling problems on difficult sites is additional treatment of septic tank effluent prior to land
application. Advanced treatment systems include, but are not limited to: sand filters, aerobic treatment
units, trickling filters, and constructed wetlands.

Constructed wetlands have been evaluated for on-site wastewater treatment in a few earlier
studies. Steiner and Combs (1993) used constructed wetlands to treat single-site wastewaters. They
reported concentration reductions for three sites in Kentucky and Tennessee. Each system featured two
wetland cells in series. The two Kentucky sites received wastewater from private residences and the site
in Tennessee received wastewater from a nature center. Five-day biochemical oxygen demand (BOD5)
reduction at these three sites ranged from 73 to 89 %. Fecal Coliform reductions were also high, varying
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from 78 to 99 %. Averaging 78 and 95 % at two of the sites, removal of total suspended solids (TSS)
typically was good. Effluent concentrations of TSS at the third site, however, were quite variable,
ranging from 0 to 73 %. Byers and Young (1995) also evaluated constructed wetlands for on-site
wastewater treatment at four sites in rural Kentucky. Each site featured a long, narrow wetland that was
lined and filled with gravel. Reduction of fecal Coliforms was very good, averaging 93.8 % over the four
sites. However, reduction of BOD5 and TSS were less than anticipated. The researchers attributed poor
performance for BOD5 and TSS to decaying mulch and vegetative litter on the surface of the gravel
media. Concentrations of ammonia and ortho-phosphate dropped 37 % and less than 30 %, respectively.

Constructed wetlands have also been applied to municipal wastewater treatment operations.
Green and Upton (1993) reported the results of one such study conducted in the U.K. They used a lined,
subsurface flow wetland to treat wastewater generated by 15 homes and two farms. Initially, runoff from
animal feeding areas at the farms entered the wetland, reducing treatment effectiveness. After feed yard
runoff was diverted from the wetlands, the researchers found BOD5 reductions averaging 97 %.
Corresponding reductions of TSS, ammonia, and ortho-phosphate were 80, 33, and 87 %, respectively.
Constructed wetlands were also used to treat wastewater at three municipal sites in Kentucky (Choate et
al., 1993). Wetland type varied within and between the sites and included free-surface wetlands,
subsurface flow wetlands, and open-water ponds. The wetlands yielded effluent with BOD5 and TSS
concentrations less than 15 and 20 mg/L, respectively. Fecal Coliform reductions averaged 88 to 99 %.
Ammonia concentrations in wetland effluent were similar to those in the influent. The researchers
attributed these steady ammonia concentrations to breakdown of organic nitrogen.

Data from the BNWR are currently being collected; preliminary results indicate similar BOD,
TSS, fecal Coliform, ammonium, and available phosphate reductions. All effluent analysis from the
BNWR would have met TNRCC effluent standards (Table 5). We will rreport data from similar
constructed wetlands built at four separate locations in Texas.

SYSTEM DESIGN AND LOCATIONS
Construction of the wetland treatment systems described in this paper began in 1993. Data

collection and field performance evaluation subsequently began in late 1993 and 1994. Specific sampling
start times for each of the four treatment systems are provided in table 1. The sites are located in
Weslaco, in the lower Rio Grande valley, D'Hanis, a community 64.4 km (40 mi.) west of San Antonio,
and Stephenville and Dublin, located 112.6 (70 mi.) southwest of Fort Worth (figure 1). Table 2 provides
annual average climatic conditions at each of these four sites (NOAA, 1982; NOAA, 1998).

Chapter 285 of Title 30 of the Texas Administrative Code (TAC) governs on-site wastewater
treatment. Constructed wetlands are considered a non-standard treatment process according to 30 TAC
285.32. As such, constructed wetlands are authorized for one-of-a-kind, site-specific installation that
must be submitteo'to the perrmrnng authority 6yd pro fessional engineer ar registeredS£fi/t<£ri£!2.
Thorough evaluation of constructed wetland technology is needed to tighten design criteria and
potentially ease state restrictions on installation.

In response to this need, the Texas Natural Resource Conservation Commission (TNRCC)
established a general procedure for installation and monitoring of experimental constructed wetland
systems. All installations were to consist of:

a septic tank(s) in accordance with TNRCC standards,
a subsurface flow constructed wetland based on outlined criteria,
an on-site subsurface land application system, reduced in size from existing TNRCC standards,

and
setback allowances meeting existing TNRCC standards.

Normal residential on-site treatment is designed based on daily flow. Furthermore, an assumed BOD5 of
140 mg/L is used in all sizing formulas.

The approach used for designing these four constructed wetlands followed TNRCC's procedure
with some additional engineering judgments. Per TNRCC requirements, septic tanks were designed
according to flow calculations based on the number of bedrooms in and square footage of the homes.
Table 3 provides two flow estimates for each site. The first is the design flow based on the number of
bedrooms in the home and an assumption of 1.5 persons per bedroom (30 TAC 285). For the homes
included in this study, the design flow estimate is high. Accordingly, a second flow estimate based on
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home occupancy and an assumption of 284 L/person/day (75 gal/person/day) was determined.
The subsurface flow constructed wetlands were designed based on the Environmental Protection

Agency's (EPA, 1993) document entitled Guidance for Design and Construction of a Subsurface Flow
Constructed Wetland. Household wastewater typically has an influent BOD5 concentration of 200 mg/L
(Metcalf and Eddy, 1991) which is reduced approximately 30 to 40 % in a septic tank (TEEX, 1998).
The wetlands in this study, however, were designed for a 200 mg/L concentration. This higher design
concentration provided a more conservative design and allowed for possible improper septic tank
maintenance. Wetland dimensions were calculated to give a target 25 mg/L BOD5 effluent concentration
in the coldest month of operation (typically January). Resulting wetland dimensions are summarized in
table 1. Finally, all systems provided final effluent land application using subsurface drip irrigation.

MONITORING
Influent and effluent samples were collected from each wetland once per month. Samples were

immediately placed on ice and shipped from their collection location to College Station by overnight
delivery. Constituents analyzed included BOD5, TSS, fecal Coliforms, ammonium nitrogen, and available
phosphorus. Before April 1997, samples were analyzed for BOD5, TSS, fecal Coliform, and ammonium
at the Agricultural Engineering Department's water quality laboratory. Analyses for BOD5, fecal
Coliform, and ammonium followed procedures outlined in standard methods (APHA, 1989). TSS
analysis followed standard methods from an earlier publication (APHA, 1981).

After April 1997, samples were analyzed by the Soil Microbiology laboratory within the Soil and
Crop Sciences Department at Texas A&M University. At this time, available phosphorus was added as
an analyzed constituent. As before, analyses were conducted following USEPA approved standard
methods (APHA, 1995).

For comparison of influent and effluent means, Student's t-tests were performed. Single-factored
ANOVA was used to assess similarity of means between wetland locations. When the ANOVA indicated
significant differences, Fisher's Least Significant Difference was used to separate the means. For all
statistical tests the Type I error, a, was set to 0.05. Concentration reduction was calculated as:

I - E
PR= xlOO

I
(1)

where: PR = percent reduction (%),
I = influent concentration (mg/L or cfu/lOOmL), and
E = effluent concentration (mg/L or cfu/100mL).

RESULTS AND DISCUSSION
In almost all cases, constructed wetlands provided statistically significant reductions in

concentrations of BOD5, TSS, fecal Coliforms, ammonium, and available phosphorus (table 4). Except
for ammonium, average effluent concentrations were similar across the sites despite distinct variability
noted among some of the average influent concentrations. This similarity indicates the wetlands have a
buffering capacity and are able to effectively treat wastewaters with a wide range of chemical
characteristics. Average wetland effluent concentrations were compared to Texas On-site Sewage
Facility (OSSF) standards and effluents from other alternative wastewater treatment systems in table 5. A
discussion of wetland performance for each of the analyzed constituents follows.

BOD5
BOD5 influent concentrations for all sites averaged 99.87 mg/L with an corresponding average

effluent concentration of 19.75 mg/L. Averaged over all sites, BOD5 concentrations were reduced

116



117

80.3 %. BODS reductions are similar to those reported by Steiner and Combs (1993) and are greater than
those indicated by Byers and Young (1995).

Both influent and effluent concentrations were similar across the wetland sites. Influent BOD5
concentrations, however, were somewhat lower than those previously reported. Perkins (1989) found
average septic tank effluent contained 140 to 200 mg/L BOD5 while Tchobanoglous and Burton (1991)
indicated average septic concentrations of 123 mg/L. Lower BOD? concentrations in this study could be
related to occupancy of the homes. The septic tanks were sized using a design flow rate based on the
number of bedrooms in the home (table 3). However, the homes had comparatively low occupancy and
much lower anticipated flow rates. For example, the system in Stephenville had a design flow rate of
1278 L/day whereas the anticipated flow was only 568 L/day. This difference in flow rate resulted in
oversized septic tanks and, consequently, increased retention times. Greater treatment effectiveness in
ie septic tanks likely accompanied these higher retention times thereby reducing BOD5 concentrations
in septic tank effluent.

Average effluent BOD5 concentrations were below the target design value of 25 mg/L at all sites.
Two sites (D'Hanis and Stephenville) had average effluent concentrations meeting Texas OSSF 30-day
average standards (table 5). The other two sites met OFFS standards for 7-day averages. Average BOD5
effluent concentrations from the wetlands compared favorably to similar concentrations reported for
intermittent sand filters and aerobic units. However, aerobic unit effluent concentrations reported by
Perkins (1989) may be somewhat higher than those commonly generated by current systems. Wetland
effluent had slightly higher BOD5 concentrations than subsurface sand filters, but overall wetland
performance was determined to be satisfactory.

TSS
TSS concentrations dropped an average of 68.1 % across all sites with average effluent

concentrations ranging from 16.15 to 45.18 mg/L (table 4). Overall, removal efficiencies for TSS were
similar to those cited by Green and Upton (1993) and Steiner and Combs (1993). Comparatively, TSS
removal within these wetland cells was greater than that observed by Byers and Young (1995), who
indicated surface mulch added to the wetland surface had greatly impacted wetland performance in their
study.

Average effluent TSS concentrations were consistent across sites. However, the influent
concentration at the Stephenville wetland was statistically different from those at the other sites. Higher
concentrations were due to recirculation of water from the land application system back into the septic
tank. This operational problem passed excess water through the septic tank, decreasing the detention time
and increasing TSS levels in the influent. The data suggest the Stephenville wetland continued to provide
excellent treatment despite water recirculation. The TSS removal efficiency at D'Hanis was somewhat
lower than the others, perhaps due to retention time within the wetland. Whereas the other homes have
only two residents, the home at D'Hanis has three. The wetland, however, is not substantially larger
(table 1). Higher influent flow rates with a similar wetland volume would reduce retention time within
the wetland and probably lower treatment effectiveness.

Only the Dublin wetland met Texas OFFS standards for 30-day average effluent TSS
concentrations. The wetlands at Stephenville, D'Hanis, and Weslaco, respectively, met standards for 7-
day average, daily maximum, and single grab sample. Average TSS effluent concentrations from the
wetlands were higher than those for subsurface or intermittent sand filters (table 5). Greater solids
treatment in the sand filters compared to the wetlands was attributed to a substantially smaller media size
in the sand filters and the associated increased solids trapping capability.

FECAL COLIFORM
Fecal coliforms experienced a reduction of 83 to 99 % across the wetland locations. Averaged

over all sites, fecal coliform reductions were 94.4 %. Although the Stephenville wetland exhibited no
statistical difference between influent and effluent means, the wetland reduced fecal coliforms by
approximately 96 %. Data from Stephenville exhibited great variability which likely inhibited detection
of significant difference at the a = 0.05 level. Choate et al. (1993) reported fecal coliform reductions of
88 to 99 % and Byers and Young (1995) indicated average reductions of 93.8%.

Influent and effluent fecal coliform means were statistically similar across sites even though
average counts ranged from 337 000 to 2 444 000 cfu/lOOmL. Again, large variability in the data could



have constrained detection of mean differences. As noted with BOD5, effluent fecal Coliform counts were
similar for a wide variety of influent counts. This further supports the notion that the wetlands have a
buffering capacity allowing them to assimilate periodically high influent concentrations.

AMMONIUM NITROGEN
Ammonium concentrations were significantly reduced at all wetland sites. Reductions ranged

from 23.7 to 67.7% across all locations (table 4). Greatest reductions accompanied the highest influent
concentrations. To illustrate, D'Hanis had an average influent concentration of 92.91 mg/L with an
overall reduction of 67,7 %. Dublin, by comparison, had the lowest average influent concentration, 17.46
mg/L, and an accompanying reduction of only 27.9 %. The buffering capacity of the wetland cells likely
facilitated greater treatment effectiveness with higher influent concentrations.

Ammonium concentrations varied greatly by location. Stephenville and Weslaco had similar
influent concentrations, 44.67 and 53.94 mg/L, respectively, yet were statistically different when
compared to D'Hanis and Dublin with concentrations of 92.91 and 17.46 mg/L, respectively. On the
other hand, effluent concentrations were similar for all sites except Dublin. Low effluent concentrations
at Dublin probably resulted from significantly lower influent concentrations at the site.

AVAILABLE PHOSPHORUS
Reductions of phosphorus ranged from 10.8 to 56.7 % and averaged 35.0 % across all sites.

While all wetland sites provided average reduction of phosphorus, reductions were only statistically
significant at D'Hanis and Weslaco. Because phosphorus analysis was initiated in May 1997, sample
numbers for this constituent were much lower than for the others. The smaller population and relatively
high sample variability may have limited detection of differences. Some of the reductions were quite
small however, particularly at Dublin. As indicated with ammonium, treatment effectiveness varied
directly with influent concentration. Greatest influent concentrations and percent reductions were
observed at D'Hanis followed in descending order by Weslaco, Stephenville, and Dublin.

Influent phosphorus concentrations were similar for Stephenville and Weslaco, but were low at
Dublin and high at D'Hanis, as seen with ammonium. However, effluent concentrations proved to be
statistically similar across all four sites. Once again, reduction in concentration variability between
influent and effluent means was attributed to wetland buffering capacity.

SUMMARY
Performance of these subsurface flow constructed wetlands was very favorable for many

constituents. BOD5, TSS, and fecal Coliform reduction proved to be excellent and was consistent across
all locations without regard to operational variability. Overall reductions of BOD5, TSS, and fecal
Coliforms, averaged across all sites, were 80.3, 68.1, and 94.4 %, respectively. Effluent concentrations
from the wetlands typically met Texas standards and were similar in magnitude to those from other
alternative on-site treatment technologies. Nutrients such as ammonium and phosphorus had lower
reductions and demonstrated more variability across the four locations. Reductions of ammonium ranged
from 23.7 to 67.7 % while those of phosphorus ranged from 10.8 to 56.7 %. Reduction of nutrients
appeared to be strongly related to influent concentration. Major findings of this study include:

• Constructed wetlands are a viable alternative for on-site wastewater treatment on sites
not suitable for traditional septic tank and soil absorption field installation.

• Constructed wetlands typically meet Texas standards for on-site wastewater treatment
effluent and provide treatment capacity similar in effectiveness to other alternative
treatment systems, and

« Constructed wetlands, as designed for this study, possess a buffering capacity allowing
them to assimilate a wide variety of influent constituent concentrations.

« Constructed wetlands, which an alternative, are not the answer for all homeowners.
These systems require maintenance, it should only be considered by those desiring to
solve a problem and capable of performing the limited maintenance.
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Table 1. Dimensions, bottom slope, sampling start date, and gravel size and type for the four on-site
wastewater treatment wetlands.

Location

D'Hanis
Dublin
Stephenville
Weslaco

Length
m

9.14
9.14
9.14
7.62

Width
m

3.66
3.66
3.66
3.05

Water
Depth

cm

20.32
20.32
30.48
20.32

Slop
e

1
1
1
1

Sampling
Start Date

Dec. 1994
July 1995
Feb. 1995
Sept. 1993

Gravel Size/Material

1 .9 cm; Quartz River Rock
1 .9 cm; Quartz River Rock
0.95 cm; Quartz Pea Gravel
0.95 cm; Quartz Pea Gravel

Table 2. Average annual climatic conditions of the four constructed wetland locations (NOAA, 1982;
NOAA, 1998).

Location

D'Hanis
Dublin
Stephenville
Weslaco

Annual ET
mm (inches)
2025 (79.72)
2159(85.00)
2159(85.00)
2024 (79.68)

Annual Rainfall
mm (inches)
787 (30.98)
812(31.96)
812(31.96)
676(26.61)

Average High
Temp
C(F)

26.4 (79.5)
25.4 (77.7)
25.4 (77.7)
27.3 (82.9)

Average Low
Temp
C(F)

14.3 (57.7)
13.1 (55.6)
13.1 (55.6)
18.2(64.7)

Table 3. Home characteristics, septic tank size, and flow rates for the four wetland locations.

Location

D'Hanis
Dublin
Stephenville
Weslaco

Occupant
s
3
2
2
2

Bedrooms

3
3
3
2

Septic Fank
Volume

L
3785
3785
4732
2839

Design Flow

L/day
1278
1278
1278
852

Anticipated
Flow
L/day
852
586
568
568
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Table 4. Average influent and effluent characteristics for four on-site wastewater treatment wetlands
located throughout Texas.

BOD5* , mg/L
Influent
Effluent
% Reduction

TSS, mg/L
Influent
Effluent
% Reduction

FC, cfu/lOOmL
Influent
Effluent
% Reduction

Ammonium,
mg/L

Influent
Effluent
% Reduction

Phosphorus, mg/L
Influent
Effluent
% Reduction

D'Hanis
n Concentration

38 89.83 a*
33 15. 14 a

83.1

38 63.52 a
38 36.49 a

42.6

34 336 824 a
34 55 894 a

83.4

37 92.91 c
37 29.93 b

67.7

14 2.15 c
14 0.93 a

56.7

Dublin
n Concentration

29 107.64 a
31 21.49 a

80.0

30 50.09 a
30 16.15 a

67.8

31 1034 009 a
36 10 242 a

99.0

28 17.46 a
29 12.59 a

27.9

13 0.74*3
13 0.66 a

10.8

Stephenville
n Concentration

35 104.33 a
35 19.55 a

81.3

35 414.27 b
35 29.89 a

92.8

26 376086* a
27 15321 a

95.9

33 44.67 b
33 34.09 b

23.7

;.

12 1.16fb
12 0.85 a

26.7

Weslaco
n Concentration

37 97.66 a
33 22.80 a

76.7

44 145.63 a
44 45. 18 a

69.0

37 2 444 092 a
36 21 614 a

99.1

47 53.94b
47 29.59 b

45.1

14 1.20 b
14 0.65 a

45.8

' Constituents are: 5-day biochemical oxygen demand (BODS), total suspended solids (TSS), fecal Coliform (FC),
ammonium as NH4-N, and available phosphorus.
f Influent and effluent means are not statistically different at the a = 0.05 level.
* Letter (a, b, etc.) indicates statistically similar means across wetland location.
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Table 5. Comparison of Texas effluent standards and typical effluent concentrations for several on-site
wastewater treatment technologies.

System Type

Texas OSSF Standards*
30-day average
7-day average
daily maximum
single grab

Soil Absorption Field at 1m Depthf

Soil Absorption Field at 3 m Depth1

Subsurface Sand Filter*
Intermittent Sand Filter5

Aerobic Unit"
Constructed Wetland"

BOD5
(mg/L)

20
30
45
65
0
0
4

2-23
26

15-23

TSS
(mg/L)

20
30
45
65

12
3-13
53

16-45

Fecal Coliform
(cfu/lOOmL)

0-100
0

19000
10000-56000

'Texas On-site Sewage Facilities Standards, 30 Texas Administrative Code §285.33 (c)(2)(A)
f Tchobanoglous and Burton, 1991
*Salvato, 1992
§TEEX, 1998
"Perkins, 1989
* Results of this study
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Wetland Restoration on Clear Creek
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the Webster Electric Generating Station
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The Beneficial Use of Dredged Material for Wetland
Restoration and Enhancement on Clear Creek

William B. Baker, Jr.
Consulting Biologist

Houston Lighting & Power Company

Approximately 12 acres of intertidal wetlands were constructed and 3.1 acres of wetlands
enhanced along Clear Creek using dredged material from Houston Llighting & Power Company's
(HL&P) Webster Electric Generating Station in Webster, Texas. Funding for the project was
provided by the Galveston Bay Estuary Program ($145,000) and HL&P ($62,000). The project was
a partnership of a host of entities, including the Galveston Bay Estuary Program, HL&P, the Natural
Resources Conservation Service, U.S. Fish & Wildlife Service, Waste Reduction Services and
Padgett Shoreline, Incorporated.

Original plans called for an 18 acre restoration effort within an area impacted by subsidence,
but the U.S. Army Corps of Engineers permit restrictions resulted in a 3 acre reduction to the project.
A 2600 ft. Containment levee with two water control structures was constructed during the Fall of
1997. The intake canal of the Webster Station was dredged during December 1997, resulting in
approximately 25,000 cubic yards of dredged material being pumped to the project site. Seeding the
area with smooth cordgrass (Spartina alterniflord) was accomplished on February 24, 1998. In
March, the outside portion of the levee was planted with smooth cordgrass transplants on one foot
centers and brush fence construction was initiated. By July 1998, the site exceeded the objective of
one smooth cordgrass plant per square meter. Smooth cordgrass currently dominates a significant
portion of the site, providing habitat for a variety of marine and avian species. A 10' X 30'
elevated observation platform was constructed along the project site in September 1998.

Utilizing dredged material for wetland construction proved to be a cost effective way to
manage dredged material while restoring valuable wetland habitats. Industries or private land
owners planning future dredging projects along coastal areas should strongly consider employing
the successful strategies demonstrated in this beneficial uses project.
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The San Jacinto Marsh Project:
Restoration of a Priceless Biological and Cultural Resource

Ted Hollingsworth, Natural Resource Program, Texas Parks and Wildlife,
La Porte, Texas

San Jacinto Battleground State Historical Park is the oldest and most-visited park in the Texas State
Park system. It preserves the battleground, where, on April 21, 1836, a volunteer army under Sam
Houston routed and defeated a numerically superior force of professional soldiers under General
Antonio Lopez de Santa Anna, making Texas an independent republic. The park consists of roughly
a thousand acres, including three hundred acres of San Jacinto River floodplain. It appears that this
low bottomland, created by the meandering river, was once a fairly homogenous salt meadow of
about four hundred acres, tidally connected to the river through Santa Annas Bayou. Due to a
combination of subsidence, erosion, and dredge disposal, the remaining acreage consists of a mosaic
of shallow open water, vegetated and unvegetated tidal flats, salt marsh, forested uplands and
isolated wetlands.

In 1993, Texas Parks and Wildlife began evaluating the natural resources within the park, and
became concerned about both the loss of land due to erosion, and the loss of biological values due
to drowning of the salt marsh. Although this assemblage of habitats was home to a respectable
diversity of wildlife, two hundred acres consisted of knee-deep open water which was of low
productivity, due to extreme temperature and dissolved-oxygen fluctuations. In addition, the open
water complicated interpretation of the Battle of San Jacinto, in which hundreds of Mexican soldiers
fled into the marsh north of the battleground where they bogged down and were picked off from the
bluff above. Visitors trying to visualize the battle were regularly confused seeing open water where
maps and historical accounts portrayed grassy marshes.

After consulting with biologists in state and federal agencies and the private sector, a plan took shape
for replacing the lost biological values and restoring the appearance of the marsh to the time of the
battle by converting the two-hundred acres of shallow open water back to salt marsh and salt
meadow.

Dredge containment levees constructed in the early 1950's allowed the marsh to be divided into two
(2) one hundred-acre cells to facilitate the hydraulic placement of new sediment. The goal was to
beneficially use dredged sediment to refill the two cells to intertidal elevations which would support
smooth cordgrass (Spartina alterniflora). Using bathymetric surveys tied only to healthy stands of
smooth cordgrass inside the existing marsh, the volume of sediment needed was calculated to be
385,000 cubic yards in the upstream cell, "cell I", and a little over 400,000 cubic yards in cell II.

To ensure the use of sediment which would be suitable for supporting marsh organisms, a group of
reviewers was formed with representatives from TNRCC, TPWD and USFWS. It was decided that
acute biotoxicity testing would be used to evaluate sediment. In 1996, the first sediments, from the
Houston Ship Channel (HSC) between Greens and Carpenters Bayou, were tested. They were toxic
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to most of the marine organisms to which they were exposed and the decision was made not to.use
this material. The next opportunity came in 1997, when the Corps of Engineers began planning for
maintenance dredging of the reach of the HSC from Carpenters Bayou to Morgan's Point. These
sediments, being downstream of the confluence of Buffalo Bayou and the San Jacinto River, were
coarser and better washed. They were not toxic to marine organisms to which they were exposed,
and the decision was made to use them in the project, along with sediment from an intake canal of
Houston Lighting and Power, located just downstream from the park, which had also been evaluated
for contaminants and found to be acceptable.

Funds to improve containment levees and install water control structures came from USFWS and
from the state and federal trustees administering the Natural Resource Damage Assessment program,
allocating funds from the Apex Barge Spill in Galveston Bay. They included representatives from
TPWD, TNRCC, GLO, DOI andNMFS. Additional funding and in-kind contributions came from
Texaco Exploration and Production Inc., TxDOT, the Port of Houston Authority, and the Harris
County Adult Probation Program. Approximately 390,000 cubic yards of sediment were loaded into
cell I in February - April, 1998. Samples were taken to calculate final de-watering coefficients and
datums were established to track sediment shrinkage. Around cell I, sediments were expected to
shrink to from one-half to one-third their original placement volume. In May, a few pounds of
smooth cordgrass seed were thrown out to test germination and growth.

The new sediment was monitored regularly, and half of the predicted shrinkage had occurred by
late-summer. Since then, high tides and rain storms have kept the sediment wet and slowed the rate
of de-watering. At the same time, much of cell I is now tidal, and a topography including pools and
shallow channels has developed, suggesting that elevations for tidal marsh restoration are close to
optimum. Of the seed broadcast in May, that which survived the early-summer drought produced
dense stands of cordgrass, further suggesting that hydrology and nutrient regimes are appropriate for
the new marsh.

During the summer, the San Jacinto marshes experienced a dramatic burst of wildlife, with numbers
of shore and wading birds exceeding any previously observed. On some days, thousands of birds
were seen, including dozens of wood ibises and roseatte spoonbills, and hundreds of egrets,
cormorants, pelicans, terns, gulls, mottled ducks and shore birds. This amazing diversity and
productivity is believed to have resulted from nutrients released from the new sediment in cell I,
which resulted in an explosion of algae, microorganisms and insects, which attracted fry, minnows
and bait fish, which in tern attracted game fish and birds. It will be interesting to see how utilization
of the marsh in future years will compare to this past year.

Future plans for the project call for continuing re-vegetation, monitoring and documentation of cell
I and restoration of cell II. As a result of the success of seeding with smooth cordgrass in 1998, an
expanded program of seeding will take place in early Spring, 1999, with all suitable areas of cell I
being seeded. Monitoring will include evaluation of vegetation cover from aerial photographs and
subjective assessment of bird and other wildlife use. At some point, a section of containment levee
between the two cells will be removed to promote better tidal exchange in cell I.

Estimates are that a fifth of cell I will end up at sub-tidal elevations, so sediment will be added to
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both cells as suitable material is made available. With conventional disposal sites charging three
dollars or more per cubic yard for disposal, San Jacinto becomes an attractive disposal option for
dredging operations within a mile or two of the park. Placement requirements in the marsh are more
stringent than at other sites, but the savings have more than offset costs for the two donors of
dredged sediment to-date. Staff involved in the project may also consider a combination of hydraulic
placement and "terrace field" construction for marsh restoration in cell II.

The project at San Jacinto Battleground is an exciting project which has begun the process of
restoring both biological and cultural values to the marsh which played such an important role in that
decisive victory of April, 1836. The project highlights what can be accomplished when federal, state
and private interests come together to preserve a unique resource. Thanks to the success of the marsh
project, plans are already in the making for restoration and enhancement of hundreds of acres of
coastal tallgrass prairie and bottomland hardwood forest at San Jacinto. In addition, efforts are
underway to raise funds for the construction of a boardwalk trail, observation deck and exhibits that
will take visitors into the marsh for a firsthand look at this priceless biological and
cultural resource.
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GUIDELINES FOR RESTORATION PLANTINGS IN THE GALVESTON BAY SYSTEM

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

Within the Galveston Bay System, extensive loss of wetlands has generated a great deal of interest in
habitat restoration. A variety of projects have resulted in a better understanding of how to successfully
create habitat. However, careful planning and consideration of local conditions are essential for
success.

The Galveston Bay Foundation and its partners have successfully created marsh habitat in Armand
Bayou and Taylor Bayou. Before beginning these projects, GBF consulted with local experts from
conservation organizations, federal state and local resource agencies, universities, industry, and Bay
area communities. This group became known as the Clear Creek/Clear Lake Marsh Restoration Task
Force. The knowledge and expertise provided by the Task Force was an invaluable resource, and the
cooperation of the members was key to the success of the restoration project.

To facilitate other habitat restoration efforts in the Bay, the Task Force is developing Guidelines for
Restoration Planting in Galveston Bay. The document summarizes the steps and considerations
involved in planning and executing successful restoration projects. The Guidelines include contact
information for permitting agencies, elements which should be included in a restoration plan, conditions
to consider when evaluating a restoration site, techniques for site preparation, planting methods, and
monitoring strategies. Recommendations are made based on ecology and restoration science, as they
pertain to Galveston Bay.
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FRESHWATER INFLOW RECOMMENDATION
FOR THE TRINITY - SAN JACINTO ESTUARY

BASED ON ANALYSIS OF LONG-TERM FISHERIES SURVEY DATA

Wen Y. Lee
Warren Pulich Jr.
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James Hinson
Melisa Minto

Coastal Studies Program
Resource Protection Division

Texas Parks and Wildlife Department
Austin, Texas 78704

INTRODUCTION

Methods for determination of the quantity and quality of freshwater inflows (FWI) needed to
maintain our coastal margins have been developed by the State Bays and Estuaries Research
Program [consisting of the Texas Water Development Board (TWDB) and Texas Parks & Wildlife
Department (TPWD)]. These determinations rely on the Estuarine Mathematical Programming
Model (TXEMP) and hydrodynamic model (TXBLEND) to estimate minimum FWI (termed the
MinQ flow) and maximum harvest FWI (termed MaxH flow) for each estuary (Figure 1). TPWD
subsequently analyses fisheries survey data from its Coastal Fisheries Resource Monitoring Database
to validate results of these computer simulations. Empirical assessments are performed to 1)
evaluate the biotic suitability of the seasonal salinity zones at MinQ and MaxH and 2) correlate
historical abundance of estuarine fisheries with observed, seasonal salinity regimes (as a proxy for
FWI). This comparison of theoretical modeling results with TPWD fisheries survey data produces
a reasonable FWI recommendation that maintains the "biological health and productivity" of each
estuary.

REVIEW OF TWDB/TPWD MODELING RESULTS

When applied to the Trinity-San Jacinto Estuary, the optimization model (TXEMP) produces a range
of solutions that simultaneously predict seasonal (monthly) inflows to the Estuary, and the
corresponding estuarine fishery harvests, which satisfy model constraints (Fig. 1, top). These
monthly inflows are constrained between the 10th and 50th percentile historical inflows (Fig. 1,
bottom). Output from TXEMP serves as input to the two dimensional, finite element hydrodynamic
circulation model (TXBLEND) which simulates patterns of salinity distributions and bay circulation.

Minimum and maximum annual inflow (MinQ & MaxQ) were computed to be 4.16 and 6.18 million
acre-ft/year respectively. The model predicted that maximum fisheries harvest (MaxH) would occur
at 5.22 million acre-ft/yr. Figure 1 (bottom) compares the monthly inflow distributions for MinQ and
MaxH cases to two historical cases: the median (50th percentile) and 10th percentile flows. Despite
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a large difference between MinQ and MaxH flows (ca 25 %), the difference in total fisheries harvest
between the two cases (10.7 vs. 11.7 million pounds for MinQ vs. MaxH, respectively) is small (ca
9 %), with MaxH flow producing slightly higher harvests of blue crab, oysters, red drum, black drum
and white shrimp.

OBSERVED BIOLOGICAL RESPONSES TO HISTORICAL FRESHWATER
INFLOWS

Effects of MinQ vs. MaxH Salinity Regimes Predicted from Modeling

Geographic Information System (GIS) techniques are used to compare salinity maps from the
hydrodynamic model under optimized MaxH or MinQ inflows. These maps are generated by
contouring the salinities from each model run using Arc/Info GIS programs. Salinity change analysis
was performed by overlaying MinQ and MaxH salinity maps for each month, thus producing salinity
difference maps between MaxH and MinQ. Locations of wetlands and oyster reefs were overlaid
onto these monthly plots to determine impacts. The distribution of sensitive marsh wetlands in the
Trinity Bay Delta region (552 ha of brackish marsh and 1,867 ha of intermediate marsh) were
considered critical to this evaluation. There were only small salinity differences (< 1.0 ppt) between
MaxH and MinQ cases from January until April. In June, the largest salinity differences between the
MaxH and MinQ cases (up to 4 ppt) were evident in the Middle and Lower parts of the Bay.

Time-series analyses were performed on the salinity data from the TXBLEND model at selected
sites in the Bay to determine if salinity constraints are exceeded. Because of the commercial
importance of oyster production at locations in the middle of Galveston Bay, the annual salinity
time-series was also used to generate predictions of FWI effects on oysters and the oyster disease
(Perkinsus marinus). Little difference in oyster production due to salinity was predicted between
the MaxH and MinQ cases. However, owing to Perkinsus sensitivity to low salinities, the prevalence
and duration of the disease was less in the MaxH case. This small difference in disease prevalence
could, in turn, result in large differences in annual oyster harvest in Galveston Bay.

Spatial Analysis of Preferred Salinity Zones for Target Fauna

Table 1 lists the characteristics of the TPWD Coastal Fisheries database, as well as analytical
methods used in deriving preferred salinity zones. Data from 1982 to 1993 were used to derive

Table 1. Fisheries Data Source and Methodology used for deriving Preferred Salinity Zones.

TPWD COASTAL FISHERIES DATABASE
Long-term Sampling Program (since late 70's)
20 Trawl Samples per Month in each Estuary
Hydrographic Parameters Collected Simultaneously
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TARGET SPECIES ANALYZED
White Shrimp Blue Crab
Brown Shrimp Atlantic Croaker
Gulf Menhaden Bay Anchovy
Pinfish

ANALYSIS TECHNIQUES
Spatial Correlation (Geographic Information System)
Contouring (Kriging)
Statistics (Nonparametric, ANOVA)

spatial correlations between salinity and the relative catch (CPUE) of seven target species. GIS
spatial overlay analyses, developed for trawl catch rates and salinity zones, helped to demonstrate
the preferred salinity zones for white and brown shrimp, blue crab, Gulf menhaden, Atlantic croaker,
bay anchovy, and pinfish. This procedure allowed determination of the actual preferred salinity zone
from abundance of young animals caught in otter trawls and the salinity distribution within the
Estuary (see blue crab example in Fig. 2). From these Arc/Info GIS plots, two critical data values
for each species were calculated: 1) the percent abundance of animals in bay salinity zones, and 2)
the percent of bay area occupied by that salinity zone. Correlations between salinity zone and relative
abundance allowed salinity preference zones (where peak density occurred) to be derived for each
species.

Statistical analyses confirm that both shellfish (brown shrimp, white shrimp and blue crab) and
fmfish (Gulf menhaden, bay anchovy and pinfish) vary in their distribution according to unique
salinity preferences (Table 2). Six species showed a significant preference for a particular salinity
regime, defined as the optimum zone where density is highest. Three species (white shrimp, blue
crab, and Gulf menhaden) have salinity preference zones for brackish to low mesohaline regions of
the Bay. Two species (including brown shrimp and bay anchovy) show preference zones for mid
to upper mesohaline regions, while the pinfish has a preference for the high salinity regions of the
bay. Atlantic croaker was not associated with discrete salinity zones.

Comparison of Observed Sample Salinity Zones vs. MinQ or MaxH Predicted Zones

An additional comparison of observed to predicted salinity preference zones was then conducted to
establish whether MinQ and/or MaxH inflows produce satisfactory salinity gradients in the bay to
maintain observed rates of fisheries production. Salinity contour maps of the observed preferred
salinity zones for each species are compared to salinity maps created by contouring the salinities
under MinQ and MaxH flows for the same time period. An example of this analysis is shown in Fig.
3 for the blue crab. These GIS plots are used to calculate percent of bay area occupied by the
various salinity zone areas for the two model cases, MinQ or MaxH, and the observed sampling data
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(Table 2). Based on relative comparison of areal percentages, the suitability of predicted flows for
producing the desired, preferred salinities can be evaluated.

INFLOW RECOMMENDATION SUMMARY

TPWD staff recommends MaxH (5.22 million acre-ft/yr) inflow as the lowest FWI target value
which generally fulfills the biological needs of the Galveston Estuary on a seasonal basis. TPWD
prefers the conservative value of MaxH which provides conditions closer to the salinity preferences
of the target species and protects the oyster fishery from disease (P. marinus). The distribution of
MaxH flows approximating the historical monthly median pattern provides the most adequate
salinity conditions during the critical spring months of May and June. Dryer conditions during
summer months (July and August) may be expected naturally and can be tolerated if the estuary is
provided with adequate inflows earlier in the year.

Table 2. Preferred Salinity Zone Area under Three Inflow Regimes

Target Species

White Shrimp
Brown Shrimp
Blue Crab
Gulf Menhaden
Atlantic Croaker
Bay Anchovy
Pinfish

Preferred
Salinity Zone

(PPt)

10- 15
10-20
0- 15
10-15
None
10-20
20-25

Observed
Sample Case
(% Bay Area)

32.2
44.3
60.8
37.0

—
50.1
26.8

Min Q Case
(% Bay Area)

21.9
37.4
48.1
21.3

—39.3
13.8

Max H Case
(% Bay Area)

23.7
30.4
60.5
22.5

—
35.8
15.7
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Figure 1

MaxH and MinQ Inflow Cases: Performance Curve and
Monthly Inflows
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Galveston Bay Freshwater Inflows Study
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GALVESTON BAY FRESHWATER INFLOWS STUDY
TRANS-TEXAS WATER PROGRAM-SOUTHEAST AREA

Augusto Villalon, Brown & Root, Inc. Houston, Texas
Jeff Taylor, Brown & Root, Inc. Houston, Texas

Thomas C. Gooch, Freeze & Nichols, Inc. Ft. Worth, Texas

As a part of the Trans-Texas Water Program (TTWP) for the Southeast Area, a number
of important environmental issues were identified which are associated with future water
resources management in the region. The Policy Management Committee for the
Southeast Area TTWP subsequently created several focus groups to deal with some of
these specific water issues. One of the groups was the Galveston Bay Freshwater Inflows
Group (GBFIG), an ad hoc committee concerned with the health and productivity of
Galveston Bay. As a result of the GBFIG's work, an analysis of projected freshwater
inflows into Galveston Bay was conducted as a part of the TTWP and this paper
summarizes the result of those studies.

The State of Texas has studied the health and productivity of Galveston Bay for several
years. This work has recently lead to a determination of recommended freshwater inflow
targets for maximum productivity of Galveston Bay. In anticipation of these
recommendations, the GBFIG was concerned over a number of issues related to current
and future freshwater inflows into Galveston Bay, with their focus on the following
questions:

• Based on existing authorized water rights permits, what are the impacts of current
and future diversions on freshwater inflows to the bay?

• Will the geographic distribution of freshwater inflows significantly change over
time due to existing authorized diversions?

• How do current and future projected freshwater inflows compare to the
recommended freshwater inflows necessary to maximize fisheries productivity?

A water availability model, using the Texas A&M Water Rights Analysis Package
(WRAPS), was used to determine the impact of current and future water right diversions
on freshwater inflows into Galveston Bay. WRAPS is a water availability model,
designed to simulate a river/reservoir system under the priority-based allocation system.
The Galveston Bay watershed model, developed in the GBFIG, includes 2 river basins,
3 coastal basins and multiple reservoirs.

A brief update will be included on the current effort of Texas Natural Resource
Conservation Commission (TNRCC) to develop a water availability model for the waters
inflowing into Galveston Bay for both the Trinity and San Jacinto river basins, including
the Trinity-San Jacinto and Neches-Trinity coastal basins.
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Dr. Hsieh has over 25 years of professional experiences using the emerged techniques of numerical
analysis, optimization methods, stochastic processes, and control algorithms to solve many complex
engineering and scientific problems, particularly in hydraulic phenomena. His current projects
include a 3-D numerical simulation for the C&D Canal channel deepening study, an optimal design
of contaminant groundwater capture zone under parameter uncertainty, and an artificial neural
networks approach for the hydrological forecasting system. Dr. Hsieh is member of ASCE 3D free
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IN GALVESTON BAY, TEXAS
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Coastal and Hydraulics Laboratory, US Army Engineers R&D Center, Waterways

Experiment Station, Vicksburg, MS 39180

With the advancement of multidimensional modeling techniques and computer facilities, the
computational horizon to demonstrate complicated theory and complex field applications for
estuarine systems becomes much wider. However, for a fully 3D high resolution mesh numerical
model, conducting a series of long-term production runs still requires another generation of super
computers to eliminate time constraints. Therefore, an alternative model, capable of analyzing
changes at individual points in an estuary 'system, as opposed to the global solutions generated by
a numerical model, was developed.
A system response approach has been developed using input/output relationships via nonlinear
frequency domain analysis of numerical model results to prescribe the dynamic behavior of tidal
dynamic phenomena. Under this design, the system response functions from a verified numerical
model for a particular location can be used to simulate the resulting output function, such as change
in salinity, when input forcing functions, such as tidal variation and freshwater inflow, change. To
incorporate the system model with numerical model input/output structure, a moving response
functions with fixed inputs designed for the system model was developed. Solving a nonlinear
system requires a nonlinear decomposition and time shifting procedures to correct the so called
group time delay and amplitude distortion problems.
This approach was applied to address the salinity response due to freshwater inflow changes for 16
selected locations in Galveston Bay, Texas. The system model base was constructed by selecting
node points from 3D numerical hydrodynamic ressults. The annual numerical simulation of both
base geometry (12-m-deep channel) and project conditions (13.7-m-deep channel) for 1990 medium-
flow conditions was used to construct the system response function. The results and system model
development will be discussed and the future research incorporating neural network techniques to
strength the nonlinearity solutions will be highlighted.
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Eric Powell has been a research oceanographer for the past 20 years at Texas A & M University
and Rutgers University and is presently the Director of the Haskin Shellfish Research Laboratory.
Over that time, Powell has published over 120 articles in refereed journals and has averaged more
than 2 major oceanographic cruises per year during which he has routinely served as chief
scientist. Powell is the leader or co-leader of several national programs including SSETI (Shelf
and Slope Experimental Taphonomy Initiative), the biological component of NS & T (National
Status and Trends), Mussel Watch, and the MMS (Minerals Management Service)
Chemosynthesis study. He has taken part hi a number of other large sampling programs including
GOOMEX (Gulf of Mexico Offshore Operations Monitoring Experiment) and numerous
geological and biological surveys of the Gulf of Mexico shelf and slope. Powell has considerable
experience in numerical modeling and statistical analysis, as well as mapping and GIS analysis.
The oyster population dynamics model used in this study was developed from the National Sea
Grant College Program and the U.S. Army Corps of Engineers (USAGE). This model is unique
in being a coupled disease-population dynamics model, having within it the principle disease of
Gulf oysters, Dermo disease. This model is also the only peer-reviewed model of its type in the
world and has been used in the USAGE Houston Ship Channel Project, the USAGE Deleware Bay
Ship Channel Project, and the NOAA ODR (Oyster Disease Research) program. It is presently
being applied to the case of Korean oyster culture in an international program with Cheju
University and to predict the spread of disease under various global warming scenarios. In
addition, under continued ODR funding, Powell and coworkers at ODU have developed and tested
a second disease subcomponent to the model, for MSX disease. This will make the model the only
dual-disease model in shellfish population dynamics.
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RESULTS OF GALVESTON BAY OYSTER GROWTH AND
RECRUITMENT MODELS

Eric N. Powell
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An oyster population dynamics model was coupled with the Army Corps of Engineers
hydrodynamic model for Galveston Bay as part of the study of impacts of enlargement of the
Houston Ship Channel. The impacts were calculated for three hydrologies, present, 2024, and 2049,
and under three freshwater inflow regimes, high, mean and low flow. In simulations comparing only
the changes in hydrology between present-day conditions and 2024 conditions, oyster densities
dropped dramatically in many bay areas due to a decline in freshwater inflow and a diversion of
freshwater from the Trinity River watershed to the San Jacinto River watershed. Focusing on the
change in market-size abundance under mean freshwater inflow conditions, reefs west of the
Houston Ship Channel from Eagle Point to Morgan Point, reefs along the Houston Ship Channel,
and reefs south of Smith Point saw greater than average declines. So did reefs in West Bay. Reefs
in East Bay and in parts of Trinity Bay saw greater than average increases. Low freshwater inflow
produced a more widespread gain in abundance in the central bay, however, overall, abundances still
declined, led by West Bay, lower Galveston Bay and, in most cases, East Bay. Under high freshwater
inflow conditions, oyster populations, on the average, did not vary much from present-day.

The results of these comparisons are consistent with a decrease in total freshwater inflow into the
bay and an increase in freshwater inflow in the San Jacinto River watershed which is part of the
expected effect of freshwater diversion from the Trinity River watershed. The primary result of the
diversion of freshwater from the Trinity River to the San Jacinto River is to vary the isohaline
structure so that the bay west of the Houston Ship Channel remains fresher during the spring and
early summer while salinity rises south of Eagle Point and Smith Point. The bay area west of the
Houston Ship Channel from Eagle Point to Morgan Point represents a much smaller volume than
does Trinity Bay. This smaller volume is less able to buffer increased freshwater inflows so that
salinity drops in the central bay during periods of high freshwater inflow. The negative impact of
this change in salinity is produced by an increase in mortality and a reduction in scope for growth
that reduces fecundity and increases susceptibility to {Perkinsus marinus) during the warmer, higher
salinity months. In addition, the decline in total freshwater inflow promotes the development of {
P.~marinus} epizootics in downestuary reefs and significantly reduces larval survivorship
throughout much of the bay system which, in aggregate, result in substantially reduced oyster
abundances in most areas of the bay.

159



Restoration of Intertidal Wetlands Along the
I - 45 Corridor - Galveston, Texas

161



Robert Nailon

Education: M.S., Wildlife and Fisheries Sciences, 1983, Texas A&M University;
B.S., Biology, 1979, Southern Methodist University.

Expertise and Experience: Mr. Nailon's experience includes wetland/estuarine
ecology, habitat assessment, habitat restoration, fisheries management, natural resource
damage assessment, erosion control, project management, and water quality
assessment. Mr. Nailon is a restoration specialist with experience in inland and coastal
fisheries management on large river systems and coastal estuaries. He has extensive
experience in coastal wetland mitigation projects and in conducting Natural Resource
Damage Assessments for oil spill clients. He is a member of the ENTRIX spill
response team. Additional experience includes water quality assessments, Section 404
permitting assistance, wetland assessments and delineations, habitat assessments, and
wetland/estuarine ecology. Mr. Nailon was a recipient of the 1992 U.S. Department of
Agriculture Distinguished Service Award, the highest award given by the USDA, for
work in wetland creation in Galveston Bay, Texas.
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Restoration of Intertidal Wetlands Along the 1-45 Corridor - Galveston, Texas.

Robert Nailon, Senior Wetlands Scientist, ENTRIX, Inc., Houston, TX, and
Evangeline L. Whorton, Chairperson - Scenic Galveston, Galveston, TX.

Scenic Galveston, in cooperation with ENTRIX, Inc. of Houston, Texas is currently
reclaiming, restoring, and enhancing severely degraded acreage associated with an
above-ground earthen-levee dredge material containment area and two subtidal borrow
pits along the 1-45 corridor immediately north of the Galveston Causeway. The
objective of the proposed project is to reduce the landfill and associated access roads to
an elevation suitable for the planting and successful propagation of smooth cordgrass,
Spartina alterniflora, and reclaim as much additional land as possible for smooth
cordgrass planting through the partial filling of the borrow pits with landfill materials.
The restoration of these wetlands is one part of a three-phase project, initiated in 1993,
to permanently acquire and protect almost 900 acres of wetland habitat for migratory
waterfowl and other wetland-dependent species, including threatened and endangered
species. In addition to the creation of highly productive estuarial wetland habitat, this
restoration will greatly enhance the aesthetic qualities of the approach to Galveston
Island by removing a development eyesore.
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The Wetlands Project Site Registry:
Benefits for Landowners and Habitat
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Heather Bond
Wetlands Project Analyst

Texas Parks and Wildlife Department

Heather Bond is a conservation scientist with the Resource Protection division of the Texas Parks
and Wildlife Department. She is responsible for assisting in the implementation of the Texas
Wetlands Conservation Plan, and specifically with the design and administration of the Texas
Wetlands Project Site Registry. Heather holds a Master of Natural Resources Management from the
University of Manitoba, Canada, where she conducted research on wetland management for
waterfowl.
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THE WETLANDS PROJECT SITE REGISTRY: BENEFITING LANDOWNERS AND
WETLAND HABITAT

Heather Bond
Julie Anderson

Texas Parks and Wildlife Department
Austin, Texas

Wetland restoration and wildlife habitat enhancement is desired by many landowners. Current
conservation practices can provide additional revenue from hunting leases or nature tourism, and can
protect the integrity of a parcel of land for either a period of years, or in perpetuity. However,
because the cost of establishing such habitat is often prohibitive, many landowners are unable to
complete this restoration on their own. With over 97 percent of Texas lands in private ownership,
providing incentives to help landowners conserve wetlands is of critical importance. Although many
incentive programs are currently available, the findings of the Texas Wetlands Conservation Plan
indicate the need for additional non-regulatory conservation programs geared toward private
landowners. The most recent of these programs is the Wetlands Project Site Registry. This program
takes a novel approach to the issue of wetlands conservation by merging the wants of landowners
with the requirements of those obligated to mitigate for wetlands lost during the process of
development. The Registry is intended to both improve the quality and diversity of mitigation
wetlands and satisfy the goals of the landowner.

Background
Wetland mitigation occurs most often on publicly-owned property, such as federal wildlife refuges
or state parks or wildlife management areas. These areas are attractive because restoration needs on
public lands are generally known by the managing agency, they are easily accessible, and private
property issues are avoided. Ongoing restoration of our public wetlands benefits the ecosystem, the
wildlife, and the people who enjoy these areas; however, work on public lands targets properties that
are already under some degree of protection or management. To truly impact the Texas landscape,
it is necessary to expand this type of wetlands conservation to our abundant private lands. Private
lands have primarily been overlooked for mitigation because there has been no organized tool to
locate the best restoration opportunities.

What is the Registry?
The Wetlands Project Site Registry is a voluntary, non-regulatory alternative for landowners desiring
wetlands conservation on their property. Like "want ads", the Registry functions to link those who
need or want to restore wetlands with interested property owners. The Registry consists of an
Internet accessible database of public and private sites that are available for wetlands restoration
throughout Texas. Landowners can use the Registry to describe their property, indicate their interest
in wetlands restoration and their personal conservation goals, while agencies searching for wetlands
to restore can access the database to identify potential properties that meet their needs.

The Registry has been active on the Texas Parks and Wildlife Department's Internet site since
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August, 1998. Currently, the Registry lists over 35,000 acres of wetlands and wetland associated
uplands available for conservation on the properties of over 100 private landowners throughout the
state. To compliment this list, a database of wetland projects available on public lands was added
in late 1998. The public lands database currently lists over 60 projects, and like the private lands
database, we expect this number to continue growing throughout the year.

Public lands project descriptions include contact information and a map of the project area; however,
because of legal obligations to maintain the confidentiality of private landowners, the specific details
of private lands sites are released only with the permission of the landowner. Once contact between
these two parties has been established, the process of developing a mitigation plan will continue as
it does currently. Landowners who agree to have mitigation sites on their property retain ownership,
the right to restrict access, and may arrange mutually-beneficial financial agreements with a
developer; however, landowners must be aware that certain restrictions on land use may apply based
upon the terms negotiated in a permanent easement.

While agencies and individuals search for lands to restore, landowners search for opportunities to
generate income and restore habitat on their land. Mitigation on private lands not only adds diversity
to the landscapes from which to select the best mitigation site, but provides an economic incentive
to landowners to conserve, not convert, their wetlands. The Registry is intended to help those Texas
landowners already interested in wetlands restoration achieve their goals while greatly increasing
the quantity and diversity of landscapes from which the best mitigation sites may be selected.
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The Habitat Conservation Blueprint,
A Practical Plan for Community-Based

Conservation/Restoration Efforts
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Kathy Bruce
Galveston Bay Foundation

Kathy is the Habitat Conservation Blueprint Coordinator at the Galveston Bay Foundation. She has
a BA in Geology from the University of Texas at Austin and worked for almost a dozen years in the
petroleum industry as an exploration geophysicist. She received an MS in Biology from the
University of Houston in 1993. Her thesis topic was "Factors affecting the biological invasion of
the exotic Chinese tallow tree (Sapium sebiferum (L.) Roxb.) in the Gulf Coast Prairie of Texas."
She has also worked on projects in the coastal region of Texas for Rice University and The Nature
Conservancy of Texas, including vegetation mapping of the South Texas Coast from satellite
imagery and the herbarium collection and plant species list for TNTC's Mad Island Marsh Preserve.
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THE HABITAT CONSERVATION BLUEPRINT, A PRACTICAL PLAN FOR
COMMUNITY-BASED CONSERVATION / RESTORATION EFFORTS

Kathy Bruce, Galveston Bay Foundation, Webster, TX
Linda R. Shead, P.E., Galveston Bay Foundation, Webster, TX

The Galveston Bay Foundation, a nonprofit, member-supported, conservation organization, has
produced the Habitat Conservation Blueprint, which is a practical, site-specific plan to guide
community efforts to restore/conserve valuable habitat in the GB system. The HCB builds on the
work of the Galveston Bay Estuary Program, with its goal of creating or restoring 15,000 acres of
vegetated marine, estuarine, and shoreline wetland habitat by the year 2004. It is also part of a
national effort to restore 1,000,000 acres of estuarine habitat by the year 2010 as part of an alliance
of regional estuary groups, Restore America's Estuaries.

The core of the Habitat Conservation Blueprint is an inventory of about 200 potential
conservation/restoration sites. These data are a compilation of existing databases and interviews
with numerous people with first-hand knowledge of the Galveston Bay area. An educational
document was produced and widely-distributed in May 1998, which informed readers about general
issues of concern, described various restoration strategies, and listed specific sites from the
inventory. The booklet was also used at 7 local, facilitated public meetings, where input was
collected on community priorities on the inventoried sites.

A technical resource .document was also produced, which included the inventory of prioritized site
descriptions and recommended conservation/restoration strategies. It was created to assist in
regional planning for conservation/restoration efforts. It also serves as a ready list of projects for any
interested party whether for mitigation, habitat creation, enhancement or academic purposes. It
provides information on geographic location, habitat types, physical size, and relative measures of
the educational, economic and conservation strengths of each proposed project. The input from the
public meetings also furnished an indication of the level of community support for projects.

In addition to the site inventory, the technical resource document provided a matrix of over 120
available resources (financial and technical), which were categorized by several criteria in order to
facilitate matching conservation/restoration projects with resources. With the goal of restoring
24,000 acres by 2010, GBF is actively working to match high-priority sites with available resources
and partners.
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Attwater's Prairie Chickens on the Edge:
Galveston County, Texas
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James F. Bergan, Ph.D.

Jim Bergan was born and raised in Michigan City, IN. He attended Purdue University and majored
in Forestry with a specialization in Wildlife Management. Following 2 years of an industrial
internship with the Indiana Division of Wildlife during his undergraduate studies, he took a job as
technician with the Savannah River Ecology Laboratory in South Carolina. He then attended
graduate school at Texas Tech University working on a thesis project titled, "Aggression and Habitat
Segregation among diving ducks wintering in South Carolina." Bergan remained at Texas Tech
University and completed his doctoral dissertation, titled, "Survival and habitat use of mallards
wintering in the Playa Lakes Region." Following graduation, he took a position as South Florida
Waterfowl Program Leader in Okeechobee. In 1991, Bergan returned to Texas taking a position
with the Nature Conservancy as the Mad Island Marsh Project Manager located at the Clive Runnells
Family Mad Island Marsh Preserve in Matagorda County. Through a variety of conservation
partnerships with corporations, foundations, local communities, and other NGO's, the Mad Island
Marsh Project was developed as a model for the initial habitat restoration, enhancement, and research
initiatives, becoming the Coastal Region Land Steward for the Conservancy. In February, 1998,
Began became the Conservancy's Coastal Field Representative and opened up a new office in
Corpus Christi to focus science, planning, and conservation action upon the Laguna Madre Region
in addition to existing project oversight responsibilities.
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ATTWATER'S PRAIRIE CHICKENS ON THE EDGE: GALVESTON COUNTY,
TEXAS

James F. Bergan
The Nature Conservancy of Texas, Corpus Christi, TX

Thomas J. Ledbetter
Raymond W. Johnson

The Nature Conservancy of Texas, Texas City, TX

The Attwater's prairie chicken (APC) (Tympanchus attwateri) has persisted in southern Galveston
County, Texas despite a severe loss of coastal prairie habitat and deterioration of remaining
grasslands. Historically, up to 332 APC's have been reported for the county. Presently, the only
occupied habitat is located at the Galveston Bay Prairie Preserve (GEPP), owned and managed by
The Nature Conservancy of Texas. This preserve, located north of Moses Lake, was donated to the
Conservancy in 1995, bu Mobil. The GBPP, consisting of 2,223 acres, was historically managed
as a cattle ranch as well as for many predictions that it would be extirpated. The population has
declined to a low of 10 in 1995, but in March 1998, an estimate of 36 APC's was documented.
Overgrazing, Chinese tallow (Sapium sebiferum) infestation, brush encroachment, alck of proper fire
managemenr, introduction of tame pasture grasses, imported red fire ants (Solenopsis invictd), and
urban sprawl have all acted to impact this population. Supplemental releases of APC's have taken
place in late summer of 1996 (n=19), 1997 (n=18), and 1998 (n=2). Survival estimates have been
surprisingly high relative to other documented releases of species from the order, Galliformes.
During February 1997 (7 months post release), the survival eastiamte was 42%. Through March
1998, 5 birds had been recorded as mortalities from teh 1997 release, 1 bird experienced a failed
radio transmitter, the staus of 4 birds is unknown, and 8 birds survived (s=0.44).

Presently, stewardship priorities include: 1) working with the APC Recovery Team to ensure
persistence of the native APC genetic reservoir through supplemental releases, 2) implement
proactive exotic brush control program to eradicate Chinese tallow tress, 3) reintroduce fire to ensure
continued woody brush suppresion and maximize restoration potential of site, 4) modify grazing
management to allow longer deferments, better grazing distribution, and recovery of overgrazed,
species-poorOacres, 5) design aa vegetation monitoring syste, which will quanitfy habitat restoration
efforts, and 6) develop a community outreach and conservation education initiative with Texas City
and other local communities to demonstrate the importance of APC and tallgrass coastal prairie
restoration/conservation.
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Clean Water for Armand Bayou:
A Watershed Partnership
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John S. Jacob,
Environmental Quality Specialist

Texas Sea Grant and Texas Agricultural Extension Service

B.S. and M.S. at Texas Tech University in Soil Science; Ph.D. Texas A&M University in Soil
Science (1992). Field work in Guatemala and Belize examining ancient Maya wetland agroecology
and environmental history. Wetland delineation throughout the State of Texas. Current activities
involve coordination of a nonpoint source pollution demonstration program and involvement in
urban environmental programs.
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CLEAN WATER FOR ARMAND BAYOU: A WATERSHED PARTNERSHIP

John S. Jacob, Texas Sea Grant and Texas Agricultural Extension Service,
Houston, Texas

Clean Water for Armand Bayou is building a multi-stakeholder watershed partnership in a
mid-sized watershed within the Lower Galveston Bay watershed to address runoff pollution.
Runoff pollution is much more difficult to address than point-source pollution because it
physically flows from a variety of sources, many not easily quantifiable. In addition, many
different institutional and non-institutional entities are involved, both in terms of agency turf
and in terms of who contributes the runoff. Single-focus programs are thus not likely to have
much success in mitigating and abating runoff. Rather than a single focus on nonpoint-
source pollution, we are building partnerships that cross the major water and ecology issues
in the region: water supply and conservation, flooding and drainage, habitat, and of course,
water quality. Activities in all of these areas have the potential to impact runoff water
quality. Low maintenance landscapes, for example, that have a direct impact on water
conservation issues also have a positive impact on nonpoint source pollution because of less
runoff.

The main partnership vehicle to date is the Armand Bayou Watershed Working Group. The
main goal of this working group is to serve as a template on which to explore and forge
alliances that cross agency and stakeholder boundaries. To date, this group consists mainly
of agency groups and a few NGO's. It was felt that establishing cooperation at this level
would be important before bringing in a broader spectrum of stakeholders.

The Bush School of Government at Texas A&M University mediated a "Collaborative
Learning" process where presentations were made to bring everyone up-to-date on watershed
activities. The group explored the major issues affecting water quality and watershed health
in the watershed, and then examined vehicles for collaboration that would maximize the
benefits of any specific project by incorporating parameters from overlapping areas. For
example, we are exploring how to incorporate water quality and wildlife aspects into a flood
detention facility, which must meet its designated purpose, but could easily address other
areas with minimal design effort. One of the most important conclusions to come out of this
process was the relative insignificance of agency impacts on water quality in the watershed.
The next phase of work will involve outreach to those areas that have greater impact (e.g.,
industry and developers).

Clean Water for Armand Bayou is using the partnership approach at smaller scales as well.
For example, a Landscape Conservation Alliance advises on the best use of grant funds for
establishing conservationscape demonstrations and other educational opportunities within
the watershed.

One of the most important overall conclusions to come to light so far in this project is
that partnerships add a lot of time to the implementation of any enterprise. Unilaterally
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putting conservation demonstrations on the ground is without a doubt the most efficient
way to go. Obtaining agreement and occasionally consensus among partners slows the
process down considerably. Partnerships and broad participation, however, may be the
only way to insure the long-term viability of any conservation program.
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Pierce Marsh Restoration Project
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Marissa Sipocz
Galveston Bay Foundation

Marissa is the Conservation Coordinator for the Galveston Bay Foundation. She has worked with
the Foundation for two years. She graduated from Brown University in 1995 with a Bachelor's of
Science in Aquatic Biology and a Bachelor's of Arts in English Literature. She has interned with
Texas Parks and Wildlife Coastal Fisheries divsion and Resource Protection division, Houston
Galveston Area Council, Roger Williams Zoo, Brazoria National Wildlife Refuge, and the
International Crane Foundation.
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PIERCE MARSH RESTORATION PROJECT

Marissa G. Sipocz, Galveston Bay Foundation, Webster, Texas
Linda R. Shead, Galveston Bay Foundation, Webster, Texas

Most marsh creation/restoration projects to date within Galveston Bay have consisted of the
revegetation of shorelines with suitable elevations or with the beneficial use of dredge material.
Examples of these types of projects exist around Galveston Bay, from the United States Department
of Agriculture=s and Extension Service=s early shoreline restoration on the north shore of East Bay,
to the Port of Houston Authority=s Demonstration Marsh at Atkinson Island in upper Galveston
Bay, and the Houston Lighting & Power Company restoration project on Clear Creek. In 1999,
many more restoration projects will occur around the Bay and several of these projects will employ
a new technique to marsh restoration in Galveston Bay.

The Pierce Marsh Project will apply the technique of the creation of levees or terraces from in-situ
material and subsequent planting of the terraces with smooth cordgrass, Spartina alterniflora. The
Pierce Marsh Project will restore approximately 57 total acres of marsh and submerged aquatic
vegetation habitat in Basford Lake, Galveston County, Texas. This marsh restoration technique was
adapted from a successful application at the Sabine National Wildlife Refuge performed by the
Louisiana Department of Natural Resources. This technique will be utilized in several other local
projects including the Galveston Island State Park Restoration, and the Texas Parks and Wildlife
Department Jumbile Cove Restoration project.

For the terracing technique to be successful, certain physical requirements are needed. Bottom soil
must be a firm clay mixture to ensure that it can be packed, shaped and stabilized, and the terracing
area must be shallow, and relatively protected. Basford Lake was once entirely salt marsh adjacent
to Basford Bayou, with many channels woven into the pattern of marsh. Local subsidence has
altered the area, and with the acquisition of the tract of land by The Nature Conservancy of Texas
and the Galveston Bay Foundation, the area is a prime candidate for restoration.

The Foundation expects the construction of the tenaces to be completed in early spring. Planting of
the terraces by volunteer groups will begin immediately after settling has occurred and the water
temperature is suitable for restoration and volunteer participation.
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Dickinson Bay Oyster Reef/Wetland Restoration
Demonstration Project
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Edward (Eddie) Seidensticker
USD A/Natural Resources Conservation Service

Eddie is a Resource Conservationist specializing in coastal erosion for the entire Texas Coast. He
is known as a pioneer in the restoration and creation of coastal marshes in the Galveston Bay system.
He developed an Action Plan Demonstration Project for the Galveston Bay National Estuary
Program using vegetation for erosion control and habitat restoration. His latest accomplishment was
the planting wetland vegetation on the Beneficial Uses Group Demonstration Marsh at Atkinson
Island. This 220-acre project was the largest single marsh creation project on the Texas Coast.

Eddie is currently developing further cultivation and restoration technology that will be implemented
in a variety of habitat restoration projects in the Galveston Bay system. In addition to his
conservation activities, Eddie has also been the Project Manager of the award-winning AmeriCorps
Program in Galveston Bay.

Eddie Co-Authored the Dune Protection Manual for the Texas Coast for the General Land Office.
He also co-authored the Texas Coastal Marsh Handbook for the Natural Resources Conservation
Service.

Affiliations

Galveston Bay Estuary Program
Member Galveston Bay Council
Member Natural Resources Subcommittee
Galveston BayFoundation - Advisory Trustee since 1990

Member of Following:
Interagency Coordination Team for the Houston Ship Channel
Beneficial Uses of Dredge Material Work Group- Port of Houston
Gulf of Mexico Program - Shoreline Erosion Committee
Texas Coastal Management Program Task Force
Texas Soil and Water Conservation District Shoreline Erosion Committee.

Received the USD A - Distinguished Service Award 1991 From Secretary of Agriculture.
(This is the Highest Award a Civil Service Employee can receive.)

1997 - EPA Environmental Excellence Award Region 6
1998 - Coastal Public Service Award, Texas General Land Office
1990 - Present - Chairman for the Education Activities in Education Exhibit at Gator Fest
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DICKINSON BAY OYSTER REEF/WETLAND
RESTORATION DEMONSTRATION PROJECT

Edward Seidensticker
Resource Conservationist

Natural Resources Conservation Service
U.S.D.A.

A high priority of the Galveston Bay Plan Habitat Protection Plan is to restore, create and protect
wetlands. The Dickinson Bay Oyster Reef/Wetland Restoration Demonstration Project will provide
protection for newly created emergent wetlands on the East shore of Dickinson Bay. This
information will be useful to Galveston Bay stakeholders during the implementation of the Galveston
Bay Plan.

The project consists of 1400 feet of oyster reef creation and planting of smooth cordgrass along the
shoreline adjacent to the reef. This paper will give the results of the project including oyster spat set,
establishment of vegetation and shoreline erosion rate measurement during the 1997-98 year of the
contract.

EXECUTIVE SUMMARY

The Galveston Bay System represents a huge economic, cultural, and environmental asset to Texas
and the Nation. In order to maintain this value of bay assets for the future, and to address current
problems which have been documented by the Galveston Bay National Estuary Program. In order
to accomplish this demonstration projects are intended to display technology and to educate users
of the bay the

A high priority of the Galveston Bay Plan Habitat Protection Plan is to restore, create and protect
wetlands. The Dickinson Bay Oyster Reef/Wetland Restoration Demonstration Project attempts to
provide protection for newly created emergent wetlands on the East shore of Dickinson Bay. This
information will be useful to Galveston Bay stakeholders during the implementation of the Galveston
Bay Plan.

The project consists of 1400 feet of oyster reef creation and planting of smooth cordgrass along the
shoreline adjacent to the reef. This report will give the results of the project including oyster spat
set, establishment of vegetation and shoreline erosion rate measurement during the 1997-98 year of
the contract.

This report is intended to provide information on the feasibility of using oyster reefs to not only
provide much needed habitat but to determine it's effect on shoreline erosion. The site of Dickinson
Bay suffers from a severe erosion rate and has very little shallow oyster reef habitat close to the
shoreline. The scope of the contract is not enough time to document the effects of reef creation on
erosion rates but the Natural Resources Conservation Service is committed to monitor this site for
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the next five years and will report to the Estuary Program thru the Galveston Bay Council.

PROJECT CONCLUSIONS

Work began on the project in October 1996. A total of one full time and five part time employees
worked on the project until August 31, 1997. The remainder of the time was spent on monitoring
and some maintenance.

The oyster fence was constructed first by installing the posts and then installing the two by four
boards and the fence material. This process was very labor intensive and required a lot of time to
complete the installation. The posts were driven by hand. It took almost 6 months to complete
the fence. If this oyster fence proves successful then we should do something to reduce both the time
and cost.

The fence was filled with oyster shell beginning in March 1997. We filled the shallow areas with
a custom built barge. This was also difficult because we could only haul two yards at time. We did
contract with a larger boat that could haul 16 yards at one time but we could only use this during
periods of high tide. The process of filling the fence material took approximately 30 days. The
fence material supported the oyster shell very well. Some of the boards did break but it did not have
any effect on keeping the shell in place.

As shown in the data collection for the oyster monitoring we have a well established growing oyster
reef. There has been some damage to the fence over time but this has not materially effected the
function of the reef. There is a good colonization of oysters not only on the top of the reef but also
along the sides. It has been noticed that there is a small amount of sediment has accumulated on the
inside of the shell fence. This may be something we may consider monitoring in the future.

The cost of installation for the oyster shell reef was $78.83 per foot. This cost was higher than
anticipated. The cost of labor was almost twice as much as the cost of the material.

This reef is built in an area where no oyster reefs are currently located. There are reefs in the area
and there are individual oysters on scattered tires and other hard objects. The bottom is
unconsolidated soft bottom. This bottom material is not generally considered suitable material for
oyster clutch.

In addition this area of Dickinson Bay and the portion of Dickinson Bayou upstream from the area
has been closed to oyster production for a number of years. The purpose of the oyster reef is not
designed to be for harvesting. The major purpose of this reef is for habitat restoration. In addition
it is hoped it will have some effect on erosion and water quality.

Approximately 200' of shore protection was installed at an adjacent site. The principle investigators
wanted to have a comparison using hard shore protection to see both the effects and to have a cost
comparison to the oyster shell reef. Tri-lock concrete blocks were installed on a 3:1 slope from the
top of the bank to 2' below normal tide elevation. The tri-lock was installed according to
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manufactures recommendations and has not required any maintenance. It was anticipated that
vegetation would grow in the interspace but all of the soil material was washed out. We will
continue to monitor this site to see if vegetation will develop. The top of the bank that was
disturbed during construction was revegetated with common bermudagrass. There is no erosion
occurring at this site.

The cost of the Tri-lock was $ 171.37/foot. This was higher than other shore protection such as
bulkheading but the tri-lock is more aesthetically pleasing. It will also be a good alternative to
concrete rip-rap if vegetation will grow and provide habitat.

We installed five reference stakes on the shoreline to monitor the long term erosion rates at each
treatment. One reference stake was placed at a control site. All of the reference stations showed
3 feet of erosion except one of the sites behind the angle reef showed 4 feet. We consider that there
has been do difference in the erosion rates between any of the treatments and a control area. We
believe that this is due to the fact that the reef is new and the effects of the reef creation will increase
as the reef develops. This will be one of the most important areas to monitor in the future and the
Principle Investigator has made a commitment to monitor the reference stakes for at least five
years.
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Green Sector Initiative
for Sustainable Development
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John M. Koros, PWS

Houston native, 44 years old, two sons.

Current: HCFCD Environmental Services Manager -1992-present
Senior Environmental Specialist

Professional: Board Certified Professional Wetland Scientist # 995

Professional History: Executive Director of Mercer Arboretum & Botanic Gardens 14.5 years 1976-1991.

Executive Director of Parks Planning, Harris County Precinct Four 1991-1992

Education: University of Texas 1972-1973 - Chemical Engineering
University of Texas A & M 1973-1976 - Wildlife Ecology

Affiliations: Society of Wetland Scientists
Association of State Wetland Managers
Native Plant Society of Texas
Society for Ecological Restoration

American Orchid Society

Summary: John Koros is a Houston native with a commitment for conserving, preserving and
restoring the Houston Environment. A specialist in native plants, he has been active in I
many facets of ecological analysis, education, restoration, etc. Throughout his
professional career, he has been recognized for contributions to Houston's environmental
quality of life through numerous environmental awards. He is a published writer and
photographer on various aspects of the natural environment and has lectured
internationally. His current area of interest is on ecological restoration with a strong
focus on wetlands.

Personally, he is a passionate horticulturist who enjoys all plants and the challenge of
unlocking their cultural secrets and ecological dynamics.



GREEN SECTOR INITIATIVE FOR SUSTAINABLE DEVELOPMENT
John Koros, PWS

Harris County Flood Control District,
a Division of

Harris County Public Infrastructure Department

THE BACKGROUND
• Many people in Harris County have been adamantly opposed to land use planning,

zoning, or any initiative, good or bad, that forces the land owner in a direction
through regulation. Even if for a good purpose, most Harris County stakeholders (and
Texans in general) do not want regulatory mandates dictating how they use their land.
Even so, as flooding issues hit home, as our wild lands disappear, and as the
regulatory matrix tightens, it is to everyone's advantage to voluntarily embrace a
program that solves problems on both sides of the issue.

CONCEPT
• Create a regulatory vehicle that enables sustainable development and preserves the

best of Harris County's wild lands.

SITUATION
• 1700 square miles of flat coastal topography
• Tremendous developmental pressure resulting in greater infrastructure needs
• Cumbersome & duplicative regulatory matrix frustrating everyone
• Organized environmental opposition
• National trend against development in the flood plain

RESULT
• Reactive not proactive response to regulations.. .revisits the pain of permitting over and

over while not solving anything
• Fragmented natural landscape and development
• Increased cost to public and private for regulatory compliance
• Lack of predictability in permit processing times interferes with project critical paths

HCFCD MISSION STATEMENT
• We strive to build urban flood control projects that work- with appropriate regard for

human and natural values.

REGULATORY MISSION
• Implement efficient regulatory programs that work -to protect vital natural resources with

appropriate regard for economic and political reality

GOALS
• Create a comprehensive programmatic general permit that enables sustainable

development and discourages flood plain development while preserving the best of Harris
County's wild lands for posterity.
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• Coordinate current initiatives for interagency MO As and programmatic permits to be
consistent with this initiative.

Senator / County Judge Jon Lindsay
• Cypress Creek Parkway
• Clear Creek Parkway

OBJECTIVES
« Build consensus of divergent interests to back the plan by showing the win/win

Create funding mechanisms that fund the implementation of the plan
« Legislatively enable the plan
• Incentives - regulatory streamlining
• Impact fee mechanism
• Funding referenda

TIMING
• Frustration high on all sides of the issues
• New thinking nationally about sustainability of development in floodplains
• State and Fed seeking efficient but effective regulation of valuable natural

resources TNRCC/USACE MO A
• TxGLO / USAGE programmatic permit

TNRCC/TP&W/TxGLO MOA

THE PLAN
• Create a tiered regulatory program that encourages development in logical places throug]

expedited permits and discourages development in encumbered locations not in the publi
interest

• Delineation of county into categories according to developability, recognizing
encumbrances of flood plains, environmental, archeological, while recognizing
demographic trends & political realities

THE PLEDGE
I PLEDGE TO NOT TAKE THE LOCATIONS DEPICTED LITERALLY AND TO
REALIZE THE PURPOSE OF THE NEXT MAP IS TO CONVEY THE CONCEPT
ONLY!

BENEFITS
Predictability in permitting with great ease in the GREEN SECTOR

• New market for heavily encumbered lands in the RED SECTOR
• Public infrastructure freed from bad projects to bail out bad development...

passive flood control
• Reduced opposition from detractors...we all become good guys



BENEFITS
• Developers are willing to pay the cost of mitigation if predictable
• Multiple funding sources exist/NRCS,FEMA
• Coordinates many facets of regulation into one stop shopping
• Stakeholders can be involved in designation of sectors
• Urban counties preserve the best of their natural lands, increasing land values

CONSTRAINTS
FEAR OF THE UNKNOWN or anything that sounds like zoning

• Complex matrix of State and Federal regulations
POLITICAL WILL

STRATEGY
• Formulate a marketing plan that identifies target audiences/ supporters and opposition
• Timing couldn't be better; frustration is why we are here
• Lobbying of target audiences
• Solicitation of support letters from regulatory agencies
• Legislative.. .incentive for both sides to get it done

CONCLUSION
• Reduces regulatory burden & expense for responsible development...public & private
• Provides incentive for better land planning in Harris County without the Z word
• Provides strong incentive for not developing in flood plains
• Preserves the best of our County for posterity
• We all become heroes
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Wetlands Restoration at Galveston Island State Park:
A Multi-Agency Project

Phil Glass, U.S. Fish and Wildlife Service, Houston, Texas
Ted Hollingsworth, Natural Resource Program, Texas Parks and Wildlife,

La Porte, Texas

The Stewart Ranch in west Galveston Island included some 1100 acres of tidal salt marsh, mostly
smooth cordgrass Spartina alterniflora, in 1930. The adjacent West Bay shallows contained large
seagrass beds, probably Halodule wrightii. There were approximately 900 acres of marsh left when
the ranch became a state park in 1970. In the early 1990's biologists and fisherman noticed the marsh
was rapidly disappearing. By 1994, aerial photographs confirmed there were only 400 acres
remaining. Over the last four years, the marsh has continued to disappear, until today there are less
than 100 acres. Tidal marshes all along West Bay's south shore are disappearing at an alarming rate,
apparently from erosion precipitated by subsidence.

In 1997, biologists from Texas Parks and Wildlife (TPWD) and U.S. Fish and Wildlife Service
(FWS) secured a $2.1 million grant package from the National Coastal Wetlands Grant Program
utilizing Galveston Bay Estuary Program and Natural Resource Damage Assessment (NRDA)
monies as a source for the local match. NRDA funds from the Apex barge spill settlement were
awarded by the Trustees representing the Department of the Interior (DOI), National Marine
Fisheries Service (NMFS), Texas Natural Resource Conservation Commission (TNRCC), Texas
General Land Office (GLO), and TPWD. Also in 1997, a Task Force was assembled to oversee
planning for the project. The Task Force is made up of members from TPWD, FWS, NMFS, GLO,
U.S. Army Corps of Engineers (COE), TNRCC, Galveston Bay Foundation, and Galveston Bay
Estuary Program.

The Task force spent a year collecting and assessing data from recent and historic aerial photographs,
geotechnical and bathymetric surveys, and other restoration projects in Texas and Louisiana.
Through this process, it was ascertained that subsidence of more than a third of a meter had stressed
and weakened the tidal marsh vegetation. The vulnerable smooth cordgrass was then scoured out
by waves generated by north and northwest winds, especially during strong cold fronts and winter
storms. It was also apparent that spits of coarse sand and shell hash, which once protected coves and
bayous, had deepened, and no longer served to trip and weaken incoming waves.

Having reached these conclusions, it was determined that a successful project would have to consist
of three primary components, including restoration of substrate at the appropriate elevation for
re-establishment of smooth cordgrass, planting to re-establish vegetation quickly, and construction
of wave barriers or breaks to protect the new marsh. Restoration of marsh substrate was limited to
two options, including hydraulic placement of sediment and building up of "terraces" from native
material. Hydraulic placement has the disadvantages of requiring channelization for equipment
access, and requiring a substantial borrow area. Terracing was selected for the project because it does
not require importing material, it creates a significant amount of marsh edge and habitat diversity,
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and is somewhat resistant to changes in relative sea level, as marsh vegetation can move up or down
the slopes of the terraces to its optimum elevation.

The firm of Shiner, Moseley and Associates (SMA), of Corpus Christi, was selected to provide
engineering services for the project. With SMA on board, options for wave break structures were
considered. Rock, broken concrete, and geo-tube breakwaters were evaluated primarily for longevity
and cost-effectiveness. Geo-tubes are long tubes made from strong geo-textiles, which are filled in
place much like sausages, to form breakwaters, groins, or levees. They have been used in many
applications over the last ten years, and are now expected to last more than twenty years. They can
be used in water up to a meter deep, and were selected because equipment access is not a significant
issue, and because they can be placed and filled at roughly a third the cost of rock or concrete
structures.

Working closely with the Task Force, final project design was determined in November, and project
drawings and specifications were delivered in December, 1998. As of this conference, TPWD is
soliciting and evaluating bids for the construction of the new marsh terraces and protective
breakwaters. Breakwaters will protect more than 600 acres of remaining natural marsh, tidal bayous,
created wetlands, and shallow open water. Terrace fields will cover 100 to 200 acres depending
upon the final contract for construction. The planting of approximately 60,000 single stem and
one-gallon pots of smooth cordgrass, along with some marshhay cordgrass S. patens, is scheduled
for April, 1999. Test plots totaling up to two acres of Halodule wrightii will be planted in clear
protected water.

Aerial photographs will be taken annually for several years to track the spread of vegetation and the
natural evolution of the new marsh. Bird and wildlife use will be monitored for a qualitative
evaluation of habitat values. It is hoped that in two to three years, the new marsh will provide all of
the biological values of its natural predecessor.

The restoration project at Galveston Island State Park should prove a valuable model and inspiration
for the restoration of more marshes in West Bay and elsewhere. Already a project at Jumbile Cove
has been funded and will be under construction in the near future. Residents of several communities
on the island have also expressed interest in more restoration of tidal marshes, realizing their benefits
to recreational and commercial fisheries, tourism and the overall health of the Galveston Bay system.
For more information, or to volunteer to help with planting, please call either of the authors.
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Chlorinated Pesticides and PCBs in Colonial Nesting Water Birds of Galveston Bay, Texas

Donell S. Frank
Department of Wildlife and Fisheries Sciences, Texas A&M University,

College Station, Texas
Miguel A. Mora

U.S. Geological Survey, Department of Wildlife and Fisheries Sciences, Texas A&M University,
College Station, Texas

Jose L. Sericano
Geochemical and Environmental Research Group, College Station, Texas

Eggs from neotropic cormorants (NC) (Phalacrocorax brasilianus), black-crowned night herons
(BCNH) (Nycticorax nycticorax) and great egrets (GrEg) (Ardea alba) were collected from a
heronry located on Alexander Island near the Houston Ship Channel in Galveston Bay. Eggs
from neotropic cormorants were also taken from three additional islands located in Galveston
Bay and from two locations outside the bay. Individual eggs were analyzed for persistent
organochlorine pesticides (i.e. DDTs, chlordanes) and poly chlorinated biphenyls (PCBs) to
determine the accumulation of these contaminants in the various species and to evaluate potential
impacts on reproduction.

Galveston Bay lies southeast of the Houston metropolitan area in the northwest Gulf of Mexico
on the coast of Texas and is considered one of the most productive estuaries in the United States.
The estuary system of Galveston Bay contains almost 50 percent of the nation's petrochemical
production and 30 percent of the petrochemical industry (Gerston 1995). The Houston Ship
Channel consists of a dredged deep-draft channel that extends 72 km extending through
Galveston Bay to the Gulf of Mexico and is heavily polluted with industrial and agricultural
contaminants (King et al. 1986). Galveston Bay has been the recipient of various environmental
injuries over the last several years because of accelerated growth in Houston. In addition, the
bay receives freshwater inflow from the San Jacinto River and the Trinity River, which
originates in Dallas/Ft. Worth. Galveston Bay also receives runoff from an area in excess of
9,300 km2, which likely introduces many pesticide pollutants to the bay. These environmental
contaminants, such as chlorinated pesticides and PCBs pose a major threat to the health of
wildlife nesting and feeding in the Bay.

Four sites were located in Galveston Bay, one site was located in the San Bernard Refuge on the
Texas Gulf Coast and another site was located inland, southeast of Dallas, Texas. Samples were
collected during May-August 1996. Ten neotropic cormorant eggs, nine black-crowned night
heron eggs and seven great egret eggs were collected from Alexander Island, in the Houston Ship
Channel. Four eggs from neotropic cormorants were collected in Roll Over Pass Island, four in
Smith Point Island and ten in Vingt-et-un Island, all located in Galveston Bay. Seven eggs from
neotropic cormorants were also taken from the San Bernard Refuge located outside the bay and
eleven eggs were collected at an inland site in Telfair Island.
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The geometric mean of total PCB levels in eggs of neotropic cormorants, black-crowned night
herons and great egrets from Alexander Island were 5,700, 2,100 and 1,500 ng/g ww,
respectively. Predominant PCB congeners in the three species were 153, 138, 180, 118, 99 and
187. These congeners comprised between 53 and 64% of the total PCB load in the samples. The
geometric mean of DDE levels were 1,043, 401 and 372 ng/g ww in neotropic cormorants,
black-crowned night herons and great egrets, respectively. PCBs for fish-eating birds on
Alexander Island were significantly (P<0.05) higher in neotropic cormorants than in great egret
eggs, but were similar to black-crowned night heron eggs. However, geometric means for
cormorants were 2 times greater than the mean for black-crowned night herons.
Hexachlorocyclohexanes (HCHs) were significantly (P<0.05) higher in neotropic cormorant eggs
than in black-crowned night heron and great egret eggs, which were at background levels.
DDTs, DDE, and chlordane levels were not significantly different among species (Figure 1).

Figure 1. Concentration of Pesticides and PCBs in fish-eating birds nesting on
Alexander Island

7000

PCBS

Means that do not share the same letter are significantly different

Mean total PCB concentrations were higher in neotropic cormorant eggs from Alexander Island
than in eggs from areas farther away from the Houston Ship Channel, including control areas
outside the bay. In contrast, total DDT concentrations were higher in eggs of neotropic
cormorants from control locations outside the bay than inside the bay, possibly due to regional
sources. Eggs of cormorants nesting on Alexander Island had the highest concentrations of total
PCBs and were significantly different from Roll Over Pass Island, San Bernard and Telfair
Island, but were similar to Vingt-et-un Island and Smith Point Island. DDE concentrations in
eggs of cormorants were somewhat higher at the inland site near Dallas, however they were
similar to DDE concentrations in eggs from Alexander Island. DDE concentrations in eggs from
Alexander Island were significantly higher than DDE in eggs from cormorants nesting at other
sites in Galveston Bay; however, they were similar to eggs of cormorants from San Bernard off
Galveston Bay. Chlordane and HCH were higher in eggs of cormorants from Alexander Island
however; they were relatively low in all cases (Figures 2 & 3).

210



211



Concentrations of the most common congener-specific PCBs showed similar patterns in eggs of
cormorants from all colonies. These six congeners contributed 54 to 64 % of total PCBs (Figure
4).

Concentrations of PCBs in eggs of cormorants were significantly higher on Alexander Island
than in other sites of Galveston Bay and off Galveston Bay. Alexander Island is closer to the
Houston Ship Channel (HSC) and to industrial areas. This suggests that neotropic cormorants
and other fish-eating birds nesting in this area feed near the HSC thus are likely to accumulate
higher concentrations of contaminants than birds feeding farther from the HSC. Our results
agree with previous studies of PCB levels in sediments and invertebrates from Galveston Bay.
These studies showed that the HSC was the most contaminated of several sites in Galveston Bay
(Gardinali 1996 and Sericano 1993). PCB concentrations were different among eggs of the
various species of fish-eating birds nesting on Alexander Island with higher levels in cormorants.
This may be due to differences in diet or size offish ingested. Cormorants usually take larger
fishes than egrets and herons and larger fish usually have greater concentrations of contaminants
than smaller fish. Concentrations in eggs of cormorants from Alexander Island and other sites in
Galveston Bay were near or above levels at which some detrimental effects have been observed
in double-crested cormorants in The Great Lakes. PCB levels of 4 ppm in eggs of cormorants in
The Great Lakes have been associated with lethality and deformities (Yamashita et al. 1993).
Our results agree with many studies of PCB congeners in fish-eating birds, which indicate that
congeners 153, 138, 180 and 118 are the most common. Concentrations of PCBs in eggs offish-
eating birds nesting in Galveston Bay were similar to those previously reported in 1980-81 (King
et al. 1986). This suggests that PCB sources for birds on Galveston Bay may not have decreased
in the last 15 years. Finally, DDE concentrations in eggs offish-eating birds were also similar to
those reported in 1980-81 in Galveston Bay (King et al. 1986). This is somewhat surprising
since DDE has been decreasing in most Texas birds. However, DDE concentrations are below
levels known to affect reproduction.

Overall, PCB and DDT concentrations were below levels known to affect reproduction.
Reproduction of birds nesting on Alexander Island was considered normal. Approximately 1
chick per nest was produced in 1996.
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SHRIMP FARMS: THE NEXT THREAT TO GALVESTON BAY

Robert W. McFarlane, McFarlane & Associate, Houston, Texas

Shrimp mariculture has migrated up the Texas coast and may soon threaten Galveston Bay. This
activity poses three major threats to the health of the Galveston Bay ecosystem: (1) degradation of
water quality, (2) the potential introduction of an exotic shrimp species, and (3) the potential
introduction of an exotic shrimp pathogen or parasite. All of these threats have occurred in Texas
estuaries and their environmental impact is unpredictable and potentially irreversible. The ecological
footprint of a shrimp farm, linked directly to its adjoining estuary, is much larger than the upland
area occupied by the farm. Application of the Precautionary Principle would lead shrimp farmers and
agency regulators to adopt a conservative approach until the absence of an environmental threat has
been demonstrated.

Ecologically sustainable shrimp farming is readily achievable. First, nutrient input can be reduced
by improving shrimp feeding efficiency. Next, shrimp pond effluent can be treated with simple, well-
demonstrated techniques such as adequately-sized sedimentation ponds to reduce suspended
sediments, a biological filtration pond stocked with filter-feeding species such as clams and oysters
to remove plankton and other suspended particles, and final passage through specially-designed
wetlands to remove excess nutrients. Waste water treated in this fashion should be acceptable for
recycling through the shrimp ponds. Shifting to the culture of only native shrimp species will remove
the major threat to coastal ecosystems. Finally, raising shrimp at moderate, but profitable, densities
will reduce the threat from indigenous and non-indigenous pathogens and parasites.

The Code of Practice to Reduce the Risks of Adverse Effects Arising from Introductions and
Transfers of Marine Species of the International Council for the Exploration of the Seas, the Code
of Conduct for Responsible Fisheries of the United Nations Food and Agriculture Organization, and
the Statement of Organization Practices and Guidelines of the Gulf of Mexico Fisheries
Management Council all strongly advise against the use of non-indigenous species in aquaculture.
The U.S. Marine Shrimp Farming Program, the Texas Parks & Wildlife Department, and the shrimp
farmers have all ignored this advice by promoting, permitting and importing non-indigenous shrimp
into Texas. Introducing exotic species in farm ponds is equivalent to their deliberate release into the
wild because such organisms always escape.
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Polynuclear aromatic hydrocarbons (PAHs) are ubiquitous environmental contaminants. Galveston
Bay is subjected to PAH contamination from a large number of petroleum related industries and
intense anthropogenic activities in the heavily populated surrounding area. PAHs from municipal
and industrial waste water treatment plants, urban runoff and discharge, atmospheric deposition, and
petroleum and petroleum product spillage can all contribute to PAH pollution in Galveston Bay.

Results of PAH analyses of oyster samples collected from 1986 to 1997 as part of NOAA's National
Status and Trends (NS&T) Mussel Watch Program are discussed. Oyster samples and sediment
samples were collected from six sites in Galveston Bay (Houston Ship Channel (GBSC), Yacht Club
(GBYC), Todd's Dump (GBTD), Hanna Reef (GBHR), Confederate Reef (GBCR), and Offatts
Bayou (GBOB), Fig. 1). Analysis of PAHs includes 20 non-substituted PAHs and six groups of
alkyl substituted PAHs. The alkyl PAH determination was not initiated until 1990. Relative
abundance of PAHs and alkyl PAHs are used as an indicator of whether the source is pyrogenic or
petroleum products related. Oysters from GBHR and GBTD have the lowest PAH concentrations.
The non-alkylated PAHs range from 20 ng/g to 300 ng/g and the alkyl PAHs range from 300 to 2500
ng/g at these two sites. The oysters collected from GBCR, GBYC, and GBOB have higher PAH
concentrations with non-alkylated PAHs range from 200 ng/g to 3,000 ng/g, with the majority of the
samples below 1,000 ng/g, and alkyl PAHs range from 340 to 9,500 ng/g. Samples collected from
GBSC have the highest PAH concentrations. Parent PAH concentrations range from 1,400 ng/g to
15,600 ng/g and alkyl PAHs range from 3,500 to 80,000 ng/g at GBSC site (Fig. 2). The alkyl
PAHs, which are indicative of direct exposure to petroleum products, in oyster samples are in higher
abundance than the parent PAHs at many sites, indicating that one source of the PAH contaminants
in Galveston Bay is petroleum and petroleum products. In addition, four to six ring PAHs, which
are indicative of a pyrogenic source, are in higher concentrations than that of the two and three ring
PAHs at several sites, suggesting incomplete combustion generated PAHs as another source of PAHs
in Galveston Bay.

The PAH concentrations in oysters varied randomly from year to year during the 12 years of
sampling. There is no apparent temporal trend of changes in PAH concentrations at most sites,
suggesting that the PAH pollution in Galveston Bay remain relatively unchanged between 1986 and
1997. Sporadic high concentrations of PAHs were recorded in oysters in some years, such as in
oysters from GBSC and GBTD in 1991 and GBCR in 1995. These oysters had PAH compositions
typical of petroleum products with predominantly alkyl PAHs and two and three ring PAHs. The
increase in the PAH concentrations, particularly the alkyl PAHs at GBTD and GBSC coincides with
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the Apex Barge spill which happened in July 1990 (four months prior to 1991 sampling) near
GBTD. The spilled oil residue was observed on the shore near GBSC. Therefore the high
concentrations of PAHs at GBSC and GBTD were most likely resulted from the Apex Barge spill
in 1990. The alkyl PAH concentrations at GBTD and GBSC decreased to some extend during the
following years. The high concentration of PAHs at GBCR in 1995 may be the result of another one
time petroleum product related release at that location.

In comparison with that of the oysters, the PAH concentration in sediment samples are low at all
sites except GBOB site. The PAH concentration ranges from 60 ng/g at GBTD to 670 ng/g at
GBSC. The PAHs in sediment at GBOB, which has the concentration of 6800 ng/g, consist
predominantly of four to six ring parent PAHs. Alkyl PAHs and two and three ring PAHs are low
at this site. The PAH composition at GBOB site is typical of combustion generated PAH feature,
suggesting that the source of PAH pollution at this site is primarily pyrogenic. The high
concentrations of PAHs in oysters as compared with that of sediment indicates the complexity of
processes that provide bioavailable PAHs to oysters.
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In cooperation with the Texas Clean Rivers Program and the Houston-Galveston Area
Council (H-GAC), the City of Houston supported by PBS&J performed a study of flow and
water quality in the urbanized tributaries to Galveston Bay. The study was performed under
conditions that approximated as closely as possible, the 7-day, 2-year low flows (7Q2) that
are the specified conditions for issuing wastewater discharge permits. The purpose of the
study was to develop first-hand information on the flows and quality conditions that actually
exist on many effluent-dominated tributaries.

The study included flow measurements and water sample collection and analysis. It was
performed in two separate but coordinated parts. The western part of the Houston
metropolitan area was sampled and analyzed by Omega and PBS&J, while the study on the
eastern part of the area was conducted by the USGS. This paper presents only the results of
the western part of the area.

To derive a 7Q2 value from daily stream flow data in a statistically correct manner requires
a substantial period of record, generally at least ten years of data. This period of continuous
flow record is generally not available for most discharge locations. To address the problem
it is common for the Texas Natural Resource Conservation Commission (TNRCC) and the
US Environmental Protection Agency (EPA) to employ available data to approximate the
7Q2 value at a discharge point. For example, if a gaged 7Q2 value is known at some point
downstream which receives other discharges, the TNRCC employs wastewater discharge
data to adjust the 7Q2 to a value at the desired discharge point. Since the daily effluent
discharge data are generally not available concurrently with stream data, the TNRCC uses
the lowest monthly average wastewater flow in the previous two years of record as an
approximation to the wastewater flow during dry periods. Clearly, this is an approximation.
The 30-day average wastewater flow in the previous two years is a statistical departure from
the 7Q2. Also, the use of full upstream wastewater discharges does not consider potentially
significant processes such as infiltration and evaporation losses and the addition of baseflow.

While this approach provides a needed low-flow value, the accuracy of the estimate and
procedures has not been verified by direct measurement. The project's primary objective is
to obtain direct measurements of actual dry-weather 7Q2 flows in smaller ungaged areas that
have a significant number of wastewater discharges. Along with stream flow, samples for
hardness, chlorides, and TSS as well as standard probe parameters (conductivity, DO,
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temperature and pH) were collected. These data were collected throughout the study area,
under an approved Quality Assurance Project Plan (QAPP), (USGS, 1997) when stream
flows were low and close to the 7Q2 values. These samples are a base of values that are
appropriate to or representative of actual permit renewal conditions.

METHODOLOGY

For complete information on the project methodology, the reader is referred to the project
report (City of Houston, 1998). The first step in the project was to select appropriate
sampling stations. The H-GAC's Geographic Information System (GIS) was used to map
existing active wastewater dischargers (i.e. those with recent self-reporting data), both
domestic and industrial. Next, the locations of known USGS gages and points of flow
regulation such as dams were superimposed. Dischargers in close proximity to gages or flow
regulation points were removed from consideration and placed in a separate class, because
the 7Q2 values for these dischargers would not require new monitoring. Dischargers with
outfalls in tidal waters, where flow observation is generally more difficult and other dilution
calculation methods are employed, were also removed. Finally, the most upstream
dischargers on intermittent streams (where 7Q2 flow is clearly zero) were eliminated. What
remained were dischargers where more accurate low-flow data would likely be beneficial in
the permitting process. Figure 1 shows the locations of the monitoring sites and USGS gages.

Before any field measurements were performed, a QAPP was developed and approved by
the TNRCC and H-GAC. This was produced in coordination with Mr. Jeffery East of the
USGS, who sampled on the east side of the City.

At each station, a reach was selected for measurement with a relatively straight uniform
channel and reasonable ease of access. The goal was to perform flow measurements at the
same cross-section each time readings were collected. Water velocity measurements were
made with a conventional Pygmy current meter. Since these were dry weather measurements
and the stream depth was rarely more than one foot, a wading rod was used to hold the
Pygmy meter, following USGS procedures. Velocity and depth was recorded at roughly 1-
foot intervals along the stream cross-section, and converted to discharge values using a
spreadsheet. To assure that only low-flow conditions were monitored, no field trip was begun
until a check had been made with area USGS stream gages and rain gages to be sure that
flow conditions were low and steady.

Water samples were collected in new, one-liter cubitainers. The samples were labeled
indicating the stream, station, date, and time of the sampling, and kept in an ice chest. The
City Public Works and Engineering Laboratory employed the following methods for water
quality analysis: Hardness, EPA Method 130.2 (Titrimetric, EDTA); Chloride, EPA Method
300.0 (Ion Chromatography) or EPA Method 325.3 (Titrimetric, Mercuric Nitrate); TSS,
EPA Method 160.2 (Gravimetric, Dried at 103-105 °C).

ANALYSIS
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The goal of the project was to characterize flows and quality conditions at the selected sites
under near 7Q2 conditions. This goal was achieved because of reasonably dry conditions
during the summer of 1997, and because of the efforts taken to verify conditions prior to data
collection. The four to six samples collected at each site provided a substantial number of
observations under similar conditions. These observations were conducted on a weekly basis
during July, August and September of 1997.

Flows were measured with USGS procedures and the results were compared with nearby
USGS long-term stream gages. The 7Q2 flows were calculated for each of the USGS gages,
and it was confirmed that all of the USGS gages were close to their individual 7Q2 values
during measurements. The flows measured at the 20 stations were related to the variations
in flow observed at the USGS gages, and estimated 7Q2 values selected for each of the 20
stations.

The wastewater discharges upstream of each station for 1995 and 1996 were retrieved from
discharge monitoring reports and compared to observed flows. Table 1 summarizes the
results. It was found that for 12 of the 20 stations, the estimated wastewater flows essentially
account for the measured 7Q2 flows. For the remaining stations the 1995-96 wastewater
contribution does not account for the stream flows. In some cases it is likely that new
dischargers started operating since 1996. Other possible explanations are potable water leaks,
and unpermitted discharges.

The water quality parameters measured during low flow conditions representative of actual
permit renewal are an important addition to the available data. It is rare that a significant
body of data is collected under actual permit renewal conditions. In most cases, permit
calculations are performed using values generated from data collected over the full range of
flow conditions, with low flow data being only a small part of the observations. In some
cases the values actually used are not the average or median of these data, but a value near
the high flow end of the distribution, very different from low flow conditions.

For example, hardness is related to dissolved solids, and like dissolved solids, is an inverse
function of flow. When flow is high, hardness levels tend to be low. Because of these
differences, it is not surprising that the data obtained that are specific to permit renewal
conditions are significantly different from the TNRCC values. Table 2 presents the TNRCC
15th percentile values for hardness, TSS and pH for freshwater segments in the H-GAC area,
along with the values measured in this study. In the case of hardness, the TNRCC 15th

percentile values range from 12 to 58 mg/L, except those near Galveston Bay, which appear
to be very different, possibly because of salinity effects. The measured hardness values
average 132.7 mg/L with a standard deviation of only 40 mg/L. These are substantially
higher than the TNRCC values. In contrast, values for TSS and pH show little difference
between the two data sources.

Hardness is significant because the criteria for a number of trace metals are defined as a
function of hardness. If a low value of hardness is employed to calculate the chronic criterion
for say, lead, an artificially low value is produced. This can be a serious concern resulting



in substantial regulatory cost burden because many chemical testing methods are unable to
accurately measure trace levels at the extremely low levels that do not appear to be
appropriate for permit renewal conditions in the Houston area.

Table 3 shows the freshwater chronic criteria for several trace metals at a range of hardness
levels. Also included in the table are the Minimum Analytical Levels for the trace metals that
the TNRCC specifies for permit applicants and for the Clean Rivers Program. In several
cases, the ability to measure the trace metals with TNRCC specified MALs depends on
which hardness data are employed. If a hardness of 20 or even 40 mg/L were employed for
lead, the TNRCC specified data would be unable to measure the criterion. This can be a
problem, particularly when analytical "noise" causes a laboratory to report detections at or
near its ability to measure. Such artificial analytical problems tend to be reduced significantly
when hardness values representative of permit renewal conditions are used.
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Introduction

The effect of predaceous fishes on the composition of aquatic ecosystems can be significant.
Mortality induced by predation can reduce prey abundances locally and may limit prey
recruitment in some systems. In order to begin to quantify the potential effects offish predation
on community structure and prey populations, detailed information is needed on the feeding
habits of important predators.

The red drum (Sciaenops ocellatus) is an abundant estuarine-dependent fish that is widely
distributed throughout the Gulf of Mexico. Adults spawn in near shore Gulf waters close to the
mouths of passes and inlets during late summer and early fall. Larvae are transported through
passes into estuaries via tidal currents, where they settle in shallow nursery areas and remain
through the juvenile stage. Although older red drum may migrate to offshore waters during fall
and winter, fish at least as old as age four commonly occur in Gulf of Mexico estuaries.

Past research on red drum feeding habits along the Gulf coast indicates that red drum diets are
fairly heterogeneous with several crustaceans and juvenile fishes being important dietary
components. However, there exists only limited and dated information on the diets of red drum
in estuaries along the Texas coast.

Here, we determine the diet and feeding habits of age one and older red drum during fall and
spring seasons in Galveston Bay, Texas. Seasonal variation in the composition of the diet is
examined and related to temporal patterns in prey availability. The relationship between red
drum size and prey size is examined for important prey to determine ontogenetic changes in
minimum, mean, and maximum prey sizes consumed. Selective feeding patterns by red drum are
assessed through comparisons of prey types and sizes consumed with those available in the field.
Lastly, we generate a series of predictive regression equations used to estimate carapace width of
blue crabs (Callinectes sapidus) from distances between orbital and frontal teeth and assess the
potential for these equations to increase size-based dietary information for predators feeding on
blue crabs.

Methods

Age one and older red drum were captured in monofilament gill nets between 16 September-21
November 1997 (fall) and between 14 April-17 June 1998 (spring). During each season, 45 gill
nets were set throughout the bay, each net being set within a one square mile grid containing
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shoreline that was chosen randomly from all available grids that contained shoreline. Gill nets
measured 183m long x 1.2m deep and consisted of four separate sections (each of 45.7m length)
of 7.6, 10.2, 12.7, and 15.2cm stretched mesh. Gill nets were set between one hour prior to
sunset and sunset and were retrieved between sunrise and no more than four hours past sunrise
the following day. Gill nets were set perpendicular to the shoreline with the section consisting of
the smallest mesh (7.6cm) being positioned closest to the beach. Upon retrieval of each gill net,
red drum were measured and the stomachs removed and kept on ice until they could be frozen at
the laboratory. At the laboratory, stomachs were thawed and the contents identified to the lowest
possible taxon, counted, measured to the nearest mm, and weighed wet to the nearest O.Olg.

Diet composition was evaluated using a variety of indices including the numerical index (%N)
(the number of prey in a specific prey category as a percentage of the total number of all prey
items), the gravimetric index based on prey wet weight (%W) (the weight of all prey in a specific
prey category as a percentage of the total weight of all prey), the percent frequency of occurrence
(%FO) (the percentage of all stomachs containing food that contained a specific prey category),
and the index of relative importance (IRI), which is based on a combination of the previous three
indices (%FO x (%N + %W)) and is expressed as a percentage (%IRI).

Seasonal variation in red drum diet composition was assessed using contingency table analysis.
%2 statistics were calculated for each combination of season and prey type, with a significant
grand total %2 statistic indicating a significant difference in the proportions of specific prey
species consumed between fall and spring seasons. Prey species selection by red drum was
evaluated by comparing the proportional contribution of individual prey species to red drum diets
with the proportional contribution of the same prey species to the available prey population in the
field.

A series of predictive regression equations was generated to estimate original carapace width of
blue crabs from partial carapace remains recovered from red drum stomachs. Measurements of
the carapace were used to reconstruct original crab size because it was assumed that if carapace
fragments were recovered from a given red drum stomach that the entire crab was consumed.
This assumption could not be made for chelipeds or walking legs as crab escapement could have
occurred if a cheliped or walking leg were the only parts recovered from the stomach. Further,
because of the ability of crabs to regenerate lost limbs, predictions of original size based on
measurements from regenerated appendages may not be accurate. Three carapace measurements
were regressed against total carapace width. These included the distance between the outer and
inner orbital teeth, the distance between the inner orbital tooth and the adjacent frontal tooth, and
the distance between the two frontal teeth.

Predator size-prey size relationships were examined by plotting red drum total length versus prey
total length measurements (carapace width for crabs). For all prey pooled and for several
important prey species, ontogenetic changes in minimum, mean, and maximum prey sizes
consumed by red drum were estimated using least squares and quantile regression techniques.
Size-selective feeding patterns of red drum were examined by comparing length frequencies of
important prey species recovered from red drum stomachs with length frequencies of those same
prey species occurring in Galveston Bay during the fall and spring seasons.
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Results and Discussion

A total of 598 red drum were collected and examined for stomach contents (229 during fall; 369
during spring), with 383 red drum containing food in the stomach (168 (73.4%) during fall; 215
(58.3%) during spring). Red drum were collected from 27 different locations in the fall and 33
different locations in the spring. Red drum size ranged from 291-763mm during fall and from
345-751mm during spring with clear modes in the length frequency plots representing ages 1 -3,
with some potential age 4 fish in each season. Red drum ages estimated from the length
frequency plots in this study show good agreement with predicted size at age estimated using
parameters from previously constructed von Bertalanffy growth models.

The fall diet of red drum was dominated primarily by decapod crustaceans with teleost fishes
being of secondary importance. Decapods occurred in nearly 83% of red drum stomachs
examined that contained food with crabs and shrimp occurring in approximately 40% and 60% of
stomachs, respectively. Of the crabs consumed, the blue crab (Callinectes sapidus] was most
commonly eaten, occurring in 25% of red drum stomachs and accounting for nearly 20% of the
diet by weight. White shrimp (Penaeus setiferus) were the single most important dietary item of
red drum in the fall, occurring in nearly 23% of stomachs examined and accounting for nearly
40% of the diet by number. In addition, the majority of unidentified shrimp were likely white
shrimp based on the relative proportions of the three shrimp species recovered in red drum diets
in the fall. Based on a combination of the numbers provided in table 1 for white shrimp and
unidentified shrimp, white shrimp likely represented nearly 60% of the diet of red drum by
number and occurred in over 60% of red drum stomachs analyzed during fall months. Other
decapods that occurred in fall red drum diets in relatively small proportions included lesser blue
crab (Callinectes similis), brown shrimp (Penaeus aztecus), several Xanthid crabs, grass shrimp
(Palaemonetes spp.), green porcellain crabs (Petrolisthes armatus), and estuarine snapping
shrimp (Alpheus estuariensis).

Teleost fishes occurred in slightly over 40% of the stomachs examined in the fall and represented
about 40% of the diet by weight, with a large proportion offish being unidentified. The most
prevalent species were black cheeked tonguefish (Symphurusplagiusa), shrimp eels (Ophichthus
gomesi], and Gulf menhaden (Brevoortia patronus). Other fish species eaten in the fall included
bay anchovy (Anchoa mitchilli), hardhead catfish (Arius felis), mullet (Mugil spp.), least puffer
(Sphoeroidesparvus), midshipman (Porichthysplectrodori), and sea robin (Prionotus spp.). Sea
anemones, isopods, and oyster shell were also recovered in trace amounts.

The spring diet of red drum was dominated by teleost fishes, which represented over 97% of the
diet by number and over 80% by weight. Gulf menhaden represented the largest proportion of
fishes consumed, with 95% of red drum food items and nearly 70% of the weight of food
consumed being Gulf menhaden. The frequency of occurrence of Gulf menhaden was only 35%,
which was low when compared to the percent of red drum diets by number and weight
represented by this prey. However, large quantities of Gulf menhaden were often recovered from
individual red drum stomachs, often as high as 100-200 per stomach, accounting for the large
diet proportions by number and weight for this species. Other fish species that occurred in
relatively low quantities included mullet, black cheeked tonguefish, shrimp eels, southern
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flounder (Paralichthys lethostigmd), pinfish (Lagodon rhomboides), Gulf toadfish (Opsanus
beta), and rough silverside (Membras martinicd).

Decapod crustaceans were of lesser importance in the diets of red drum in spring months, but
still occurred in nearly 45% of red drum stomachs that contained food. Although shrimp prey
declined sharply from the fall, blue crabs remained an important dietary item of red drum in the
spring. Blue crabs occurred in nearly 20% of red drum stomachs that contained food and
represented nearly 10% of the diet by weight. White shrimp were absent from the spring diets of
red drum as this species is rarely found in the bay during spring months. Other decapod
crustaceans recovered from the stomachs of red drum in the spring included lesser blue crab,
brown shrimp, Xanthid crabs, grass shrimp, estuarine snapping shrimp, and ohio or river shrimp
(Machrobrachium ohione).

Overall, the diet of red drum showed strong seasonal patterns, and was dominated by white
shrimp (Penaeus setiferus) during fall and Gulf menhaden (Brevoortia pair onus) during spring.
Blue crabs (Callinectes sapidus) were an important component of red drum diets during both
seasons. Significant differences existed between prey types consumed by red drum during fall
and spring seasons, which were likely a result of seasonal variation in prey availability.

Predictive regression equations were generated to estimate original carapace width of blue crabs
from several measurements taken from carapace fragments recovered from red drum stomachs.
Regressions were highly significant with r2 values exceeding 0.97 and increased the number of
blue crabs with size information nearly three fold. Significant predator size/prey size
relationships were detected for all prey combined, as well as separately for white shrimp, Gulf
menhaden, and blue crab. Although slopes were statistically significant, prey sizes changed only
slightly with increasing red drum size. Comparisons of prey sizes consumed by red drum with
sizes occurring in the field indicate that red drum feed predominantly in near shore shallow water
habitats, which serve as nursery areas for many juvenile fish and crustaceans.

The prey species consumed most frequently by red drum in Galveston Bay support important
commercial fisheries not only in this bay, but in many Gulf of Mexico estuaries. Food habits
studies completed throughout the Gulf of Mexico have demonstrated the importance of blue
crabs and Penaeid shrimp to the diets of red drum. Further, our results indicate that Gulf
menhaden can potentially dominate red drum diets seasonally. Multispecies approaches to
managing fisheries have recently gained attention and attempts are being made to incorporate
biological interactions into the modelling of fish stock dynamics. The interactions between red
drum and their principal prey species will likely have important ramifications if ecosystem level
management practices become a reality in Gulf coast estuaries.

We have presented evidence that adult red drum in Galveston Bay feed on seasonally important
prey species and that foraging takes place primarily in shallow water nursery habitats. The
observed feeding habits suggest that predation pressure will be highest on juvenile stages offish
and crustaceans. Predation during juvenile life stages of fishes can have significant effects on
recruitment variation. Therefore, in years of high abundance, red drum may have the potential to
effect prey population levels and recruitment to the adult stage for specific prey species. The
feeding habits of red drum make it an important contributor to the structure of prey assemblages
in near shore estuarine habitats.
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Bottlenose dolphins are the most prevalent cetacean species inhabiting the near-shore waters of the
northern Gulf of Mexico. Four coastal management stocks, for which aerial census-based minimum
population estimates are available, are currently recognized. Along the Texas shoreline, bottlenose
dolphins are common from Brownsville to Sabine Pass, and are sighted year-round in coastal waters,
channels, passes, and embayments.

Early observations on the occurrence and dietary habits of Texas bottlenose dolphins were first
reported in the early 1940's. Systematic studies of bottlenose dolphins in Texas coastal waters began
between 1976-1982 in the Aransas Pass region of Corpus Christi, the Pass Cavallo area of
Matagorda Bay, and in the Galveston Bay Estuary. Beginning in 1990, Texas A&M University
researchers have conducted nearly continuous investigations on bottlenose dolphins in Galveston
Bay, Matagorda Bay, Aransas Pass, and South Lagtina Madre. A synthesis of findings from these
studies suggests that bottlenose dolphins along our coast belong to a large and open population,
composed primarily of infrequently sighted transient dolphins, but also characterized by a small
number of more regularly sighted semi-residential individuals. In addition, it is proposed that a
seasonal migration may take place along the Texas coastline, resulting in lower fall-winter dolphin
densities in Galveston Bay with corresponding higher densities in central and southern Texas waters.
These long-term studies have provided significant insight into how the behavior of this upper-level
predator may be influenced by seasonal changes in prey distribution, habitat characteristics, and
human activities.
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BOTTLENOSE DOLPHINS OF SAN LUIS PASS, TEXAS: OCCURRENCE PATTERNS,
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Bottlenose dolphins (Tursiops truncatus] in the Galveston Bay estuary, Texas, have been
continuously studied since 1990. Most of this research has taken place in the "Galveston Bay" area
at the northeastern end of Galveston Island. In September 1995 we began a project to examine
occurrence patterns, habitat use, site fidelity, and movements in the San Luis Pass area, a relatively
undisturbed area at the southwestern end of Galveston Bay Estuary; and to compare findings to
previous work in Galveston Bay, approximately 48 km away, as well as a brief study near San Luis
Pass in 1990.

The first author conducted boat-based photo-identification surveys during 12 months in 1995-96,
and the second author conducted surveys for 12 months during 1997-98. In the initial survey, thirty-
seven dolphins were identified, by natural markings on their dorsal fins, utilizing the West Bay,
Chocolate Bay, San Luis Pass, and nearshore Gulf of Mexico portions of the study area. During the
second survey year, 21 of these animals were frequently identified utilizing the same area.

The study area was divided into four sections based upon habitat characteristics. Season and study
area section were not independent with regard to group sightings. During summer, dolphins were
most frequently sighted in Chocolate Bay, a shallow bay furthest inland; whereas during winter, they
were most frequently sighted at San Luis Pass and in the Gulf of Mexico (Figure 1).

Individuals identified during the 1995-96 and 1997-98 studies were compared with individuals
identified in the study area in 1990. Of the 37 "resident" animals identified in 1995-96, 12 were
present in 1990, suggesting that some dolphins exhibit long-term site fidelity to the area. This was
further supported by sightings of all twelve animals again during the 1997-98 study. Nine additional
dolphins were identified regularly in both of the recent survey years. In 1997-98 there were four
newly identifiable juveniles who thus far have been sighted consistently with the resident animals
(Figure 2). Therefore, at the present time we have identified 25 dolphins (21 adults and 4 juveniles)
with site fidelity for the San Luis Pass study area. In addition, there are several calves that do not
yet have identifiable fins, and possibly 2 animals with unidentifiable smooth fins. It was noted that
there were 14 more dolphins sighted regularly with the core resident animals for at least two seasons,
and then not sighted for at least two seasons.

To investigate movement patterns, dolphins identified in the San Luis Pass area during 1995-96 were
compared to photographs taken during 1995 weekly surveys of Galveston Bay. Of the fourteen
animals that moved into and out of the San Luis Pass area, three animals were sighted in both study
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areas, indicating that coastal movements between sites do occur. Furthermore, one additional animal
was sighted in the fall 1998 in the Galveston Ship Channel as well as at San Luis Pass.

Part of the impetus for these studies included concern over the state of the Galveston Bay System.
Commercial and recreational fishing, fertilizer and pesticide runoff, local petrochemical companies,
and the local ports have heavily impacted the bay. The area in this study is crossed by the
Intracoastal Waterway where dredging is common for shipping purposes and may result in
resuspension of toxins from the sediment. Additionally, two large chemical plants operate in the
Chocolate Bay area.

A recent Fish and Wildlife Service report notes that many studies have been done on the effects of
pollutants on estuaries, but few provide cause and effect relationships. The report states that "there
is a definite need for the development of realistic monitoring strategies that are integrative, sensitive,
and recognize subtle warning signs. It is not economically feasible to study an entire ecosystem" and
study designs must "emphasize system components that represent a 'barometer' of environmental
events". Dolphins are an appropriate indicator species since they are at the top of the food web in
this area and they are known to bioaccumulate toxins. Pathological studies on any stranded known
resident could be very valuable in assessing the state of the bay. Long term variations in abundance
and behavior of this population could serve as a warning if the bay is experiencing adverse changes,
and thus contribute to ongoing efforts to balance human use of the coastal area with the health of the
ecosystem.

Summary:

The combined findings of these studies indicate that there is a small population of dolphins with site
fidelity for the far West Bay portion of the Galveston Bay Estuary. There are additional animals that
join these resident dolphins, but also travel to other areas and may not be seen in the San Luis pass
area for prolonged periods. The data obtained during these two years provide valuable baseline
information identifying individuals that appear to be resident. This is a good population for long-
term study since it is small in size and somewhat isolated from other populations. As well, West
Bay is relatively pristine compared to other parts of the Galveston Bay System, so evidence of
habitat degradation in this area would be particularly important. Future studies of the San Luis Pass
dolphin population may provide direct or indirect data pertinent to environmental conditions in the
bay, including food sources that are common to human consumption.
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GULL, TERN & SKIMMER POPULATION TRENDS IN GALVESTON BAY

Robert W. McFarlane, McFarlane & Associates, Houston, Texas

The Texas colonial waterbird census data have been analyzed to determine population trends for 8
species of gulls, terns and skimmers (family Laridae), with similar feeding and nesting requirements,
in Galveston Bay. Five nesting sites have been lost during the 1973-1998 period: Redfish Island, the
Vingt-et-un Islands, Tiki Island, Down Deer Island, and Snake Island. Year-to-year variation in the
number of breeding pairs has been very large for all species.

Three species have stable populations: laughing gulls (average 25,479, range 15,434 -36,582
breeding pairs), Forster's terns (average 1563, range 327-3083 pairs), and Caspian terns (average
117, range 0-450 pairs). Three species have shown statistically significant increases in population:
royal tems (average 4446, range 0-18,175 pairs), Sandwich terns (average 2232, range 0-9060 pairs),
and gull-billed terns (average 45, range 0-130 pairs). Two species have shown statistically significant
decreases in population: black skimmers (average 1873, range 45-2035 pairs), and least terns
(average 399, range 45-2035). The latter two species are apparently suffering from a shortage of
nesting sites as both have resorted to nesting on gravel rooftops in recent years.

Large numbers of Sandwich tems have apparently migrated into the bay on several occasions. A
substantial number of least terns may have left the bay in the mid-1970s. Some nesting islands,
particularly Little Pelican Island and Jig Saw Island, are critical to the continued success of royal,
Caspian and Sandwich terns.
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Trends in the Relative Abundance, Size and Harvest of
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Trends in the Relative Abundance, Size, and Catch of Selected Finfish and Shellfish from
Galveston Bay: 1978 -1996

Lance Robinson
Texas Parks & Wildlife

Coastal Fisheries Division

The recreational and commercial fisheries of Texas are a valuable resource to the citizens of Texas.
For 1996 (the most recent year data from both fisheries are available) the total economic impact of
these fisheries to Texas was $1.4 billion ($887.6 million recreational and $554.7 million
commercial). Of this total, approximately one third can be attributed to the Galveston Bay system.

The Coastal Fisheries Division of Texas Parks and Wildlife (TPW) has been collecting data on the
finfish and shellfish resources of Galveston Bay and their harvest since the early 1970's. The status
and trends data collected through these programs provide us with a measure of the health of the
ecosystem in the form of sustainability and quality of harvest. This paper will examine the long-term
trends in relative abundance, size and catch for two popular recreational finfish species [red drum
(Sciaenops ocellatus) and spotted seatrout (Cynoscion nebulosus)] and two commercial shellfish
species [blue crab (Callinectes sapidus) and oysters (Crassostrea virginica)].

Fisheries Dependent Sampling Programs
Bay and pass sport-boat harvest is measured through on-site creel surveys where fishermen are
interviewed upon their return from fishing. Information collected includes county of residence for
all anglers, length of trip, bait use, species sought, and lengths of species landed. Estimates of total
landings can be made using this information in conjunction with measures of relative pressure from
all sites within the system.

Commercial landings are collected through a self-reported system where seafood dealers report their
monthly purchases from commercial fishermen to TPW. Data collected include pounds, processing
(filet, gilled and gutted, or whole), gear, and water body where each species was caught.

Fisheries Independent Sampling Programs
Coastal Fisheries staff collect monthly data on finfish and shellfish resources throughout the
Galveston Bay system. Four different gears are used to target different age classes and habitat. Bag
seines (18.3mxl.8m;1.3cm stretched mesh) are used along shorelines and provide recruitment
information on various species found in this habitat. Shrimp trawls (6.1 m, 3.8 cm stretched mesh)
are used in mid-bay habitats and provide information on demersal species. Monofilament gill nets
(183 m x 1.2 m; separate 45.7 m sections of 7.6, 10.2, 12.7, and 15.2 cm stretched mesh), set
perpendicular to shorelines, are used to sample sub-adult and adult species. Oyster reefs are sampled
using a Louisiana style 9-tooth dredge (46 cm wide) and are separated into spat, small (2.5 - 7.5 cm)
and market (>7.5 cm) classes. All sample sites are randomly selected and are stratified temporally
within each month. Basic water quality parameters (temperature, salinity, dissolved oxygen and
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turbidity) are measured at each station.

Based on data collected by Coastal Fisheries Division for Galveston Bay, the overall quality of the
fisheries in Galveston Bay remain healthy. Recreational fishing pressure continues to be high for
the Galveston Bay system yet the quality of fishing has remained stable. Recreational catch rates for
both red drum and spotted seatrout have declined slightly since 1977 yet mean annual lengths and
weight have risen. The trend in commercial landings (pounds) and ex-vessel value for blue crab and
oysters have increased over this same time period.

The challenge facing fisheries managers in the future is to maintain a quality fishery in the face of
increased fishing pressure and habitat degradation. Texas Parks and Wildlife will be evaluating new
tools to address these important issues.
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Denitrification in Galveston Bay
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NITROGEN CYCLING AND DENITRIFICATION IN GALVESTON BAY

Soonrno An (Texas A&M University, Department of Oceanography)
Samantha B Joye (The University of Georgia, Department of Marine Sciences)

Benthic fluxes of O2, N2, NH4
+, NO3~ and dissolved inorganic carbon (DIG) were measured to

estimate total remineralization and denitrification rates in Galveston Bay (TX, USA) sediments. The
denitrification rate was directly estimated from the N2 accumulation rate in the overlying water
trapped in situ incubation chambers. The change of N2 concentration over time was estimated by gas
chromatography using argon as an internal standard. The denitrification rates (0.6 to 4.6, average =
1.8 mmole m"2d"'), sediment oxygen demand (1.8 to 19.0, average = 7 mmole nr2d~') and DIG flux
(1.2 to 40.5, average = 19 mmole m~2d~') followed the water temperature fluctuation on a 1.5 year
period. The high denitrification activity in summer appears to be the result of increased NO3' supply
from nitrification when remineralization is high and oxygen is not limited. Most of the NO3" needed
for denitrification (93%) was supplied from in situ nitrification. Oxygen consumption during
nitrification exceeded observed sediment oxygen demand (average = 135% of sediment oxygen
demand). Oxygen production by benthic primary production seems to satisfy the O2 demand of
nitrification as well as aerobic respiration and reoxidation of reduced chemicals. Denitrification
removed 52% of the nitrogen loading in Galveston bay. The removal rate is about 4 times larger than
the previous estimation that used in vitro method of denitrification measurement.

261
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ATMOSPHERIC DEPOSITION OF NUTRIENT NITROGEN TO GALVESTON
BAY, TX
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Nitrogen compounds can have both beneficial (e.g., soil fertility, plant nutrient) and
harmful effects (ozone destruction, greenhouse effect, air pollution, acid rain,
acidification and eutrophication of surface waters, and contamination of ground water).
EPA considered these deleterious effects and has a mandate to evaluate and regulate
nitrogen compounds under the Clean Air Act, the Clean Water Act, the Drinking Water
Act, etc. Beside agricultural and sewage loadings of nitrogen via river and direct
discharge, deposition of atmospheric nitrogen may be a major fraction of anthropogenic
nitrogen loadings to coastal ecosystems, which may cause harmful eutrophication. In
order to fulfill the mandates of the Great Waters Program and the Clean Air Act
Amendments of 1990 (112 m), the US EPA initiated monitoring research in important
and representative water bodies, including coastal waters. As part of this program the
Texas Regional Integrated Atmospheric Deposition Study (TRIADS) was established
with a sampling site located in Seabrook, Texas (see Figure 1) in order to monitor
atmospheric deposition of contaminants to Galveston Bay. Wet depositional nutrient
monitoring at the TRIADS site started on February 2, 1995 and was in continuous
operation until August 6, 1996.

The concentrations of atmospheric nitrate and ammonium depend on the amount of
precipitation (Liken et al, 1987) and on the character of the air mass (Shon, 1994). Nitrate
and ammonium appear to be derived primarily from gaseous constituents of the atmosphere
(Gambell and Fisher, 1964). Different air masses reaching the sampling site appeared to
cause temporal variations in both inorganic and organic nitrogen concentrations in the
precipitation (Loye-Pilot et al., 1990; Shon, 1994). The natural sources of nitrate in rain are
lightning, causing the formation of nitric oxide, photochemical oxidation in the stratosphere
of N2O to NO and NO2, chemical oxidation

265



Figure 1. TRIADS Site Location Seabrook, Texas.

in the atmosphere of ammonia to Nox, and soil production of NO by microbial processes.
The anthropogenic sources of nitrate in rain are fossil fuel burning, primarily in
automobile engines, power plants, and biomass burning (Logan, 1981). Ammonia is
found as gaseous NH3 and NH4

+ in aerosol formed in the atmosphere. Ammonium results
from the reaction of ammonia gas (NH3) with water (NH3 + H2O -> NH4

+ + OH"). Thus,
the presence of gaseous ammonia in the atmosphere has been inferred by the
measurement of the NH4+ ion in rainwater (Junge, 1963, McConnel, 1973). Atmospheric
ammonia is produced mainly by the decay of animal and human excrements, bacterial
decomposition of natural nitrogenous organic material in natural soils, the volatilization
from nitrogen fertilizer, and combustion of coal (Shon, 1994). Urea is likely to be
directly volatilized from land and water surfaces into the atmosphere (Healy et al., 1970).
Urea as a high percentage of the total dissolved organic nitrogen (DON) concentrations
have been reported in New Zealand, Japan (Timperley et al., 1985), and Texas (Shon,
1994).
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The nutrient concentrations in umol/L determined for the TRIADS study in rain samples
collected between February 25, 1995 and August 6, 1996 are reported in Table 1. Total
nitrogen is the sum of NHt, Urea, NO3, and NO2. The predominant nitrogen species is
either NO3 or occasionally NH4. The concentrations for PO4 and SiO3 were low and do

Table 1. TRIADS Nutrient and Rainfall Data

Collection

Period

54-69
69-74
74-97

97-129
129-147
147-159
159-181
181-204
204-214
214-235
235-265
265-282
282-304
304-326
326-353
353-14
14-56
56-75
75-154
154-219

Days Number of Rain

Rain Events (mm)

15
5

23
32
28
12
22
23
10
21
20
17
22
22
27
26
42
19
79
65

2
1
2
1
5
6
5
3
1
9
4

3
3
2
3
2
2
3
6

103.3
43.0
18.5
44.2
9.6

200.1
92.6
84.7
44.8
1.2

61.2
21.3
23.7
171.6
140.2
50.6
79.8
15.8
86.7
89.9

NH4

11.14
5.47
10.25
24.61
28.93
17.72
7.41
8.90
6.10
5.37
2.24
6.14
4.64
6.58
5.02
3.30
3.16
0.11
15.29
0.12

UREA

0.39
0.44
0.73
1.08
1.92
0.70
0.34
0.35
0.34
0.48
0.22
0.30
0.26
0.30
0.29
0.15
0.51
0.24
0.46
0.22

NO3

17.41
4.71
4.11
41.70
32.81
5.60

357.35
17.08
27.85
64.10
17.63
45.50
38.03
3.84
8.40
14.33
21.40
7.35
18.58
10.32

NO2

0.03
0.03
0.04
0.19
1.06
0.18
0.02
0.03
0.03
0.03
0.03
0.04
0.03
0.06
0.04
0.03
0.03
0.02
0.02
0.02

TOTAL

N

28.97
10.65
15.13
67.58
64.72
24.20
365.12
26.36
34.32
69.98
20.12
51.98
42.96
10.78
13.75
17.81
25.10
7.72
34.35
10.68

not have a simple relationship to total nitrogen. The ratio of total nitrogen to P04 is over
100 indicating that contamination of rain samples from bird feces was minimal. The PO4

concentrations were low and ranged from 0.02 to 0.22 umol/L. The SiO3 concentrations
were also low and ranged from 0.01 to 0.25 umol/L. By comparison, total nitrogen
concentrations ranged from 7.72 to 365 umol/L. The highest concentration was present
predominantly as NO3 (357 umol/L) and this concentration was confirmed by separate
analyses of the trace element sample for NO3 (385 umol/L). The second highest total
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nitrogen concentrations was 70 umol/L. There is no apparent correlation between rainfall
amount and nutrient nitrogen concentration.

Meteorological data logged at the TRIADS station can help explain the variability in the
wet deposition of nitrogen at the Seabrook site. Figures 2 and 3 show the wind speed and
direction for the two rain events that were collected during the sampling period with the
highest total nitrogen. Figure 4 shows the precipitation data (mm) for the same sampling

period. During the first rain event on June 11, 1995, 32.5 mm of rain accumulated. Due
to forcing caused by a synoptic front, the wind direction shifted from southeasterly to
throughout the event. These conditions provided air over the sampling site that was
advected from the heavily industrialized Houston area northwest of the sampling site.
This advected air could be the source of the nitrogen. The dissipation of nitrogen while
enroute was minimized due to decreased winds and the subsidence caused by the high
pressure that followed the front. Subsidence over the Houston area would inhibit upward
mixing of the lower atmosphere maintaining high nitrogen concentrations as the air
moved over the Seabrook site. The second rain event deposited roughly twice as much
rain, 60 mm from June 29, 1995 to June 30, 1995. The day of sample collection
immediately followed this rain event. The wind direction was predominantly from the
northeast-easterly quadrant during the precipitation event. These conditions provided air
over the sampling site that was advected from an industrialized zone east of the Houston
area.

In contrast, meteorological data collected during periods of relatively low total nitrogen
deposition, the wind direction was predominantly from the southeasterly quadrant.
Figures 5 and 6 show data wind speed and direction, and precipitation data collected
during the collection period from 147 to 159 where the total nitrogen wet deposition was
relatively low (24.2 umol/L). These conditions provided air over the sampling site that
was advected from the Gulf of Mexico.

A linear relationship, with a correlation coefficient (r2) of 0.956, between cumulative
rainfall and Julian day was observed for the sampling period from February 2, 1995
through August 6, 1996. The average rainfall during this study was 963 mm/year,
approximately 25% below the average rainfall to Galveston Bay of approximately 1270
mm/ year. Cumulative nutrient nitrogen deposition in Kg N/hectare versus Julian Day is
plotted in Figure 7. The plot would provide a linear line fit, except for the large rain
nitrogen deposition between the two sampling periods from 147 to 159 and 159 to 181.
The yearly nitrogen deposition rate to Galveston Bay was 6.16 Kg/hectare-year. This
number can be used in the model by Patwardhan and Donigian (1995) to provide an
estimate of the nitrogen budget for Galveston Bay. This model assumes that wet
deposition is equal to dry deposition so total deposition would be 12.2 kg/ hectare-year.
The total input from atmospheric deposition of nutrient nitrogen directly to the Bay is
estimated as 1.76x10 Kg/year or 8.6% of the total nutrient nitrogen input to Galveston
Bay with another 2.8% from atmospheric input to the watershed. Therefore, atmospheric
inputs supplies about 10% of the nutrient nitrogen to Galveston
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TRIADS Seabrook Station Wet Deposition
June 11,1995 Day 162 Rain
Event

Figure 2. Wind Speed and Direction During June 11, 1995 Rain Event.

269



TRIADS Seabrook Station Wet Deposition
June 29 and June 30,1995 Day 180-181 Rain
Event

Figure 3. Wind Speed and Direction During June 29&30, 1995 Rain Event.
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TRIADS Seabrook Station Wet Depositon
May 27, 1995 through June 8, 1995

Figure 6. Wind Speed and Direction During May 27, 1995 through June 8, 1995 Rain
Events.
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Figure 7. TRIADS Cumulative Wet Nitrogen Deposition (kg/hectare)

Bay. This percentage will likely increase as point sources directly to the water of
nitrogen inputs are regulated.
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Long Term in Nitrogen Loads
to Galveston Bay
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LONG-TERM TRENDS IN NITROGEN LOADS TO GALVESTON BAY

Paul Jensen, Yu-Chun Su, Suzy Valentine McElroy, PBS&J, Austin
M.T. Garrett, Jr., PBS&J, Houston

George H. Ward, Center for Research in Water Resources, UT Austin

Nitrogen (N) is essential for estuarine primary production, and under some circumstances
a shortage of N can limit photosynthesis. Like most effects, this can be either desirable or
undesirable, avoiding excessive growth or limiting essential growth. N inputs are affected
in many ways by anthropogenic activities. In some estuaries, notably Chesapeake and others
on the eastern coast, the decision has been made to limit N as well as phosphorus inputs from
wastewater and agricultural activities. N inputs are thus important ecologically and also
constitute one of the principal tools by which we "manage" estuaries, either intentionally,
as has been the case in the Chesapeake, or less directly, as has been the case in Galveston
Bay.

For the 1991 State of the Bay Conference, some of the authors of this paper analyzed N loads
to Galveston Bay over time, using published USGS flow and quality records, point source
monitoring data from the City of Houston, and other sources. With the information available,
it was estimated that total-N loads to Galveston Bay had peaked about 1970 and have since
declined to roughly the level that was estimated for 1940. Figure 1, taken from the original
paper, illustrates the findings of that work. The key points in the analysis of N input changes
over time were:

1. Increase in runoff N levels presumed to be associated with population growth,
2. Observed reductions in major tributary concentrations and loads with reservoir

development, and
3. Observed reduction in N inputs from higher levels of wastewater treatment starting

in the late 1960's and early 1970's.

The 1991 analysis predated the GBNEP work, and the various characterization studies
performed as part of the NEP process have added greatly to the available knowledge. One
major study, the Ward and Armstrong (1992) characterization of trends in water and
sediment quality, found statistically significant declining trends in ambient bay N levels that
appear to be consistent with the reduced N inputs found over the same time period. In
addition, the same study found indications of a significant decrease in the levels of
chlorophyll a and total organic carbon (TOC) in the main body of Galveston Bay.

Point source loads to Galveston Bay were investigated during the GBNEP process by
Armstrong and Ward (1993). Their study found total N loads from point sources to be 8,425
Metric Tons per year (MT/yr), reasonably close to our 1991 estimate of 9,200 MT/yr.
Nonpoint source loads were estimated for the NEP by Newell, et. al. (1992). They estimated
the average nonpoint source total N load for the entire watershed to be 23,128 MT/yr,
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somewhat larger than the earlier estimate of approximately 12,400 MT/yr. However, when
the very large differences in methodologies (Newell et.al. used literature Event Mean
Concentration data to estimate loads) are considered, this difference is probably not
significant.

The US Geological Survey (USGS) (1994) assessed trends in water quality data for
watersheds in Texas and found that there had been a problem with analytical methods used
to measure ammonia nitrogen. After correcting for the problem, they found significant
declines in the concentrations of ammonia+organic nitrogen and ammonia-N in the upper
Trinity River watershed. The USGS (1996) looked at nutrient input trends along the entire
Gulf coast. One finding was an insignificant increasing trend in total-N at the Romayer gage
(Trinity below Lake Livingston) that was the result of an apparent increase in flow. There
was no significant change in total-N concentration in the period of record.

In addition to the NEP and USGS work, major contributions to the topic have been made by
the Bays and Estuary Freshwater Inflow Needs studies produced by the Texas Water
Development Board (TWDB) and the Texas Parks and Wildlife Department (TPWD). Brock
et. al. (1996) of the TWDB produced a more detailed nutrient budget for Galveston Bay,
using data from 1988-90. After adjustments were made to obtain a zero balance, the key
components of their long-term nitrogen budget included:

INPUTS AMOUNTS (MT/YR)

Median Inflows 30,386
Wastewater 7,300
Direct Rain 700
Nitrogen Fixation 560
Entrainment from Gulf 1,749
TOTAL INPUTS 40,695

OUTPUTS

Advection to Gulf 9,752
Entrainment to Gulf 24,460
Transfer to Fisheries 1,065
Sediment Accumulation 2,251
Denitrification 3,167
TOTAL OUTPUTS 40,695

This budget reflects considerable effort in estimating inflows and the major processes
involving nitrogen. The budget was ultimately considered in calculations of long-term
nitrogen and freshwater inflow needs for the system.

Several points are worth noting in this budget in relation to other estimates. One is that the
inputs from inflows of over 30,000 MT/yr is somewhat larger than estimated in other studies.
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At the same time it is important to note that neither this nor other studies include the effect
of detrital input (leaves, branches, and anthropogenic material such as paper). Some studies
have suggested that these "transported solids" that are larger than can be easily sampled, or
which preferentially stay near the bottom of a moving stream, can represent a significant
fraction of the total input during higher flow events.

Another major point that must be recognized is that year-to-year variations in inflows can
greatly affect nitrogen inputs. All the values discussed above circa 1990 are estimates of
median or typical conditions.

PROCESSES AFFECTING CHANGES IN N LOADS

The major topic considered in this paper is the temporal trend in nitrogen input. Many
changes have occurred in the Galveston Bay watershed since intensive settlement began in
the mid-nineteenth century. The processes with potential to affect N inputs include:
Agriculture, Air Deposition, Gulf Exchange, Reservoir Development, Urban Development
and Runoff, Wastewater Volume and Wastewater Quality. The following sections discuss
changes that may be relevant to each area.

Agriculture - The area under row crop cultivation increased during the 19th and early 20th
century, with major cotton growing areas in east Texas, but has steadily declined since the
mid 20th century. In the last 30 years in particular there has been a decrease in row crops and
rice and a corresponding increase in forested and grassed area. A substantial portion of the
forested area is used for silvaculture. Figure 2 shows crop acreage for a representative sample
of counties in the watershed (Brazoria, Chambers, Freestone, Liberty, Tarrant, Walker, and
Wise) for the years 1968, 1972, 1985 and 1996. A general pattern of decline is evident. Only
Liberty County showed any increase in acreage, and that was quite small in recent years.

Air Deposition - Extensive fossil fuel use has in this century has greatly increased the
amount of oxides of nitrogen (NOx) released to the air. However, in the last 10-20 years
there have been major improvements in emission controls, reducing the NOx emissions.
These include requiring catalytic converters on auto exhausts and requiring so-called "Low
NOx Burners" on new stationary sources. At this writing it was not possible to quantify the
effects, but a reduction in NOx emissions is expected.

Gulf Exchange - In the N balance presented by Brock et.al. (1996) most of the N that enters
the bay leaves through the Gulf inlets via direct flow and tidal exchange. One of the major
changes that has occurred in Galveston Bay since the turn of the century has been the
expansion of the Gulf inlets and channels to accommodate navigation. This has improved
the exchange of water with the Gulf and along the main axis of the bay. This improved
exchange has several effects including flushing N out of the Bay more rapidly and reducing
the duration of low salinity periods following heavy inflows. More rapid removal of N from
the system lowers average concentrations, which is equivalent to a reduction in input. The
last change in the navigation channel dimensions was in the early 1960s, but a small increase
is planned in the next few years.
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Reservoir Development - Reservoir development in the watershed has been substantial, as
can be seen from Figure 3. There have been no major reservoirs in the immediate vicinity
of Galveston Bay during the nineties, and the rate of reservoir completion appears to have
slowed but not stopped. Nevertheless, because reservoirs are quite effective in trapping
particulate matter, and also remove dissolved N through plant uptake, they play a major role
in reducing N loads to Galveston Bay. While the rate of major reservoir construction seen
during the 1950-80 period is not likely to occur again, there is an increasing trend to
construct smaller flood detention and quality enhancement structures in developing areas.

Urban Runoff- There has been substantial growth in the Houston and Dallas metropolitan
areas in the decade of the nineties that has undoubtedly increased the volume of runoff.
However, the incremental area is not a large percentage of the total watershed. However, any
difference in the quality of runoff N concentration cannot be supported with the kind of
runoff data we have available. Most of the land development in metropolitan Houston is well
to the west of the Bay, where runoff goes to tributaries of the Houston Ship Channel. The
channel functions as a large "wet pond" BMP, and the settled material is periodically dredged
and placed in confined upland disposal areas. Dredging records analyzed during the 1980's
(Wastewater Strategy Study, 1988) indicated that about 500 MT/yr of N is removed from the
Bay by this process. This amount may have increased to some degree in response to the
increased developed area. Other tributaries such as Clear Lake and Dickinson Bayou provide
a similar stormwater runoff function.

Wastewater Volume - Since 1990 there has probably been an increase in domestic
wastewater flow, reflecting population growth in urban areas, but no major change in
industrial flows.

Wastewater Quality - Between 1970 and 1990 there was a major increase in nitrification,
with City of Houston effluent going from 3% nitrate to 86% of the N in the oxidized form.
Since 1990 there has been a continued increase in the level of wastewater treatment for both
domestic and industrial sources. Higher levels of wastewater treatment reduce the quantity
of ammonium-N and organic N and increase the nitrate-N levels. This has two effects in the
treatment plant, and a major effect after the nitrate leaves the treatment plant. First, with
greater treatment reducing the levels of ammonium and organic N, more of the effluent N
is transformed into biosolids and thus removed from the effluent stream. Second, higher
levels of nitrate-N in the plant can be easily removed by denitrification. This can be done
either accidentally or deliberately by reducing the amount of air supplied to the plant. If done
by design in biological nutrient removal, very high levels of nitrogen removal can be
achieved. Both processes have the effect of reducing total N in the effluent. This can be seen
in City of Houston effluent data in the 1990s in Figure 4. The flow has stayed nearly constant
despite significant annexations, probably reflecting reductions in sewer infiltration and
inflow. The major change has been the gradual reduction in the nitrate-N concentration that
has been responsible for the reduction in the total-N treatment plant discharges. Note that
with the bulk of the effluent N in the nitrate form, it is subject to additional losses from
denitrification in areas with reducing conditions such as the upper HSC.
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DISCUSSION OF CHANGES

The net effect of the above processes appears to be a continuing reduction in the amount of
N entering and remaining in the Bay. Higher levels of controls on NOx emissions from both
mobile and fixed sources can be expected to reduce N concentrations in both precipitation
and runoff. The biggest input of N is from tributary flows and wastewater. Conversion of
row crops to forest will tend to reduce both inorganic and detrital N inputs. Higher level of
wastewater treatment will reduce the N that becomes available in the bay to support primary
production. While new land development is frequently assumed to cause increased runoff
with increased concentrations of at least TSS, the data to support the concentration increases
are very noisy and problematic, and increased measures to counteract these changes are
becoming more common. In any case, development will be a small fraction of the total
watershed for the foreseeable future.

We examined the total N concentrations from the largest tributary to Galveston Bay, the
Trinity River. In our 1991 paper we found that the USGS gage at Romayor, downstream of
Lake Livingston, had an average total-N over the period 1983-1988 of 1.31 mg/L. Of this,
26% was nitrate-N. In the period 1990 to 1997, the data for the same station averaged 1.02
mg/L, with 43% of the N in the nitrate-nitrite form. Because these values are a function of
flow to a substantial degree, this difference may not be definitive, and the USGS (1996) did
not report a significant decline in total-N concentration through 1993. However, it does
suggest attention be devoted to the issue.

With these trends at work it would appear that the amount of N being added to the Bay
continues to be reduced, at some cost to society, without a clear benefit being identified. The
empirical analysis by Ward and Armstrong (1992) suggests the possibility of a relation
between the observed declines in nutrients and measures of Bay productivity. As pointed out
by Brock et. al. (1996) there is a great deal of uncertainty in the relation between N input and
productivity of desirable species. Nevertheless, N input was considered in setting minimum
flow based on what would be needed at current tributary concentrations to meet pre-
development N input levels. Preliminary ecosystem modeling in Brock et. al. (1996)
indicates that a 50% reduction in N inputs will translate to a 25% reduction in bay N content
which presumably translates to a 25% fisheries yield reduction.

We feel the major message of this analysis is the need to keep a focus on the N (and P) inputs
to the bay, tracking changes and developing better understanding of the processes that affect
productivity. As these studies continue it is also important that we consider the effect of other
policies that appear to be reducing the amount of N available to the bay. While we do not yet
have the knowledge to practice medicine for the Galveston Bay system, we need to emulate
the medical profession and do our best to assure that in our ignorance we do not do harm to
the system.
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Atmospheric Deposition of Polycyclic Aromatic Hydrocarbons (PAHs), Polychlorinated
Biphenyls (PCBs), and Pesticides to Galveston Bay
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Terry L. Wade ,

Steve Sweet
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College of Geoscience, Texas A&M University

College Station, Texas 77845

The atmosphere plays an important role in the transport, deposition, and cycling of anthropogenic
semi-volatile organic compounds, such as polycyclic aromatic hydrocarbons (PAHs),
polychlorinated biphenyls (PCBs), and pesticides. Thus atmospheric deposition may be a
significant source of these pollutants to surface waters, especially coastal waters downwind of
urban and industrialized areas (Leister & Baker, 1994; Golomb et al., 1997). The atmosphere is
also a source of those anthropogenic organic contaminants to large lakes (Eisenreich et al., 1981),
the remote ocean (Duce et al., 1991), and the Arctic (Norstrom et al., 1988). Due to
chemical/microbiological stability, low water solubility, and lipophilic, PAHs, PCBs, and
pesticides are important in terms of their global cycling in the atmosphere (Duce et al., 1991) and
their accumulation in both the aquatic and terrestrial food webs (Harding et al., 1997). Since
many commercial fisheries are in estuaries, the atmospheric loadings of persistent contaminants
to these areas are also of concern.

In order to fulfill the mandates of the Great Waters Program and the Clean Air Act Amendments
of 1990 (112m), the US EPA initiated monitoring research in important and representative water
bodies, including coastal waters. As part of this program the Texas Regional Integrated
Atmospheric Deposition Study (TRIADS) was established with a sampling site located in
Seabrook, Texas, in order to monitor atmospheric deposition of contaminants to Galveston Bay
(Figure 1). Monitoring at the TRIADs site located at Seabrook (at an existing State of Texas,
TNRCC site) started on February 2, 1995 and was in continuous operation until August 6, 1996.
Rain samples were collected with a "Baker" wet deposition sampler that collects the rain falling
into a im 2 surface area. The rain was then gravity-filtered through a glass wool plug and a glass
fiber filter that remove particles and then a column containing XAD-2 resin that collects the
dissolved organic contaminants. The contaminants on the XAD-2 resin are operationally defined
as dissolved, while the contaminants on the glass wool/filter are operationally defined as
particulate. The organic air samples were collected by pulling air through a sampling train
consisting of two filters and a large and a small polyurethane foam plug. PAHs were analyzed by
GC-MS, and PCBs and pesticides by GC-ECD (Figure 2). When concentrations of some PAH
compounds, especially on air filters, were very low, the levels of PAH compounds in the matrix
blanks such as laboratory and field blanks became significant. Thus the data was carefully
analyzed relative to the matrix blanks.

The total PAH concentration in the vapor phase (the sum of large and small PUFs) ranged from
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3.29 to 160 ng/m3 with the average of 52 ng/m3, while in the particulate phase (the sum of initial
filter and backup filter) from 0.3 to 4.96 ng/m3 with mean concentrations of 0.93 ng/m3.
Particulate PAHs did not contribute greatly to the total PAH concentrations in the air. Thus, total
PAH concentration (the sum of particulate and vapor PAHs) in air during sampling period ranged
from 4.37 to 161 ng/m3 with average concentration of 53 ng/m3. The total concentrations of PAHs
detected on the glass wool/filter and XAD-2 resin ranged from 5.5 to 161 ng/L and 44 to 247
ng/L, respectively. The sum of the particulate and dissolved PAHs in rain ranged from 50 to 312
ng/L with the volume weighted mean concentration of 108 ng/L (Table 1). In this study, most
PAHs in the rain were found on the XAD-2 resin (dissolved phase).

In this study area, PAH concentrations in the air and rain were unpredictable. No strong
relationship between particulate and vapor PAHs (R2 = 0.06) and very weak relationships
between particulate and dissolved PAHs (R2 = 0.27) and between rain volume and PAH
concentrations (R2 = 0.34) were found in this study. And there were no clear seasonal trends in
PAH concentrations in air and rain even if there were large variations in total PAH levels in air
(53±42 ng/m3) and precipitation (144±84 ng/L) among the sampling periods. For example,
samples collected in May and the beginning of June, 1995 had much lower levels of PAHs in the
air (3.29-7.59 ng/m3) relative to other sampling periods. And there were also large variation in
the concentrations of some individual compounds among the sampling periods, probably
depending on meteorological factors like air mass trajectory, wind direction and speed, and
temperature. For example, vapor phenanthrene and chrysene concentrations were highly variable
but showed very similar distribution during the sampling period. No relationship between
NO2/NO3 and PAH concentrations was found, making it hard to predict the interactions between
NOx and high molecular weight PAH compounds.

The most dominant PAH compounds (vapor and particulate) in the air during 1995-1996 were
2-4 ring compounds, such as phenanthrene (44%), fluoranthene (21%), pyrene (12%), and
fluorene (6%). Naphthalene (31%), phenanthrene (14%), fluoranthene (12%), pyrene (8%),
benzo(b)fluoranthene (5%), chrysene (5%), and benzo(g,h,i)perylene (4%) were the dominant
PAHs found in rain. Particulate PAHs in air and rain were predominantly 4~6 ring compounds,
such as fluoranthene, benzo(b)fluoranthene, and pyrene. Higher molecular weight PAHs showed
greater proportion in particle phase in rain. This indicates that high molecular weight PAHs are
predominantly particle scavenged via precipitation rather than being scavenged as dissolved
phase. Phenanthrene and fluoranthene were predominant in the vapor and dissolved phase
throughout the year in this study.

PAHs in the air were predominantly dry deposited, based on calculated wet and dry deposition
rates of 130 and 2548 ng/m2/year, respectively. Phenanthrene was dominantly dry-deposited
while wet deposition contained higher relative concentration of napthalene, due to its higher
solubility (Mackay et al., 1992). Therefore, it is not surprising that naphthalene and substituted
napthalenes contributed about 33% to the total wet deposition. Fluoranthene and pyrene
contributed significantly to both dry and wet-deposition.

Several observations support the hypothesis that PAHs in the air near Galveston Bay are
predominantly from local urban and industrialized areas such as Sea Brook, Galveston, and
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sometimes Houston. The distributions of PAH compounds in the air in this study area were not
significantly different (p < 0.05) from other areas like Chesapeake Bay (R2 = 0.92, Leister and
Baker (1994)), Portland, Oregon (R2 = 0.95, Ligocki et ah, 1985), and Denver, Colorado (R2 =
0.88, Foreman and Bidleman, 1990). And PAH compounds in the air and rain from different
sampling periods were also correlated, indicating little variation of PAH sources from month to
month. Ratio of benzo(e)pyrene to benzo(a)pyrene in air was very low (1.34).

In this study, the distributions of PAHs in the air and rain were indicative of intermediate sources
between combustion and petroleum. The air and rain contained predominantly PAH compounds
with 2-4 rings and the average ratio of phenanthrene/anthracene was 25-30. This observation
is also supported by the distributions of substituted PAHs which showed the mixture of bell-
shaped and decreasing trend, indicating the characteristics of both petroleum and combustion
source (Yunker and Macdonald, 1995).

The relationship between compounds in the air and rain samples may be interesting. PAHs with
similar physical properties and sources were likely to distribute similarly. For example,
napthalene in dry deposition was likely to be correlated with biphenyl, acenaphthylene,
acenaphthene, and fluorene while phenanthrene was correlated with anthracene,
dibenzothiophene, flouranthene, and pyrene. Phenanthrene and anthracene have similar
combustion source and vapor pressure of about 0.07 and 0.066 Pa, respectively, at 25°C.
Benzo(g,h,i)perylene was also correlated with other 5 and 6 ring PAH compounds.

The total concentration of 18 selected PCBs (NS&T recommended) in the air tends to decrease
during the 2 year sampling period (R2 = 0.6). And also some seasonal trends were shown in the
distribution of the individual homologues. Individual vapor PCB concentrations in 1995 were
much higher than those in 1996. For example, samples collected in February 2 and June 8, 1995
were much higher than those collected during the same time period in 1996. Di- and tri-PCBs
showed the sharp increase in the earlier 1995, while tetra-, penta-, and hexa-PCB distribution
increased during the mid-summer season. Tri-(42%), tetra-(31%), di-(14%), and penta-PCBs
(6%) were dominant in the air. The total PCBs in the air ranged from 0.24 - 4.91 ng/m3.

The concentrations of dissolved total HCHs and PCBs revealed no seasonal trend and theses two
contaminants do not co-vary. Total PCBs in rain ranged from 0.13 to 3.68 ng/L. The cumulative
PCB wet deposition was 1.53 ug/m2/year. The yearly input of PCB from wet deposition, directly
to Galveston Bay, was estimated to be 2.19 kg/year. However, such trends found in dry
deposition were not shown in wet deposition. Tri- (27%), tetra- (22%), di- (19%), penta- (11%),
and hexa-PCBs (11%) were dominant in the precipitation.

Interestingly, the high total HCHs (Hexachlorocyclohexane) corresponded to the high nutrient
nitrogen concentration for the same rain event (June 23, 1995). However, HCHs and nutrient
nitrogen were not correlated in the entire sampling periods. The total HCHs in air and rain ranged
from 68 to 666 pg/m3 and from ND to 7,184 pg/L, respectively. The concentrations of 4,4'-DDE
were low in rain (2 to 246 pg/L) and air (ND to 40 pg/m3). Chlordane concentrations in rain
ranged from 5 to 1935 pg/L and from 33 to 293 pg/m3 in air. The ratios of a to y HCHs were very
low (about 1-2) in wet and dry deposition. The concentration of 4,4' DDE in the vapor phase
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ranged from 2.9 to 140 ng/m3. There was no apparent seasonal trend in these contaminant
concentrations and the relative abundance of these contaminants at various collection times was
different.

This study provides information on the atmospheric deposition of PAHs, pesticides and PCBs to
Galveston Bay. It is difficult to compare these inputs to other input sources due to the lack of
information on these other inputs. The atmospheric deposition for Galveston Bay of these
contaminants is similar to other studies in Chesapeake Bay, Narragansett Bay, and the Great
Lakes.
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Recent Trends in Nutrient Levels within the Galveston Bay System
George Guillen

Texas Natural Resource Conservation Commission

A survey of nitrogen, phosphorus and chlorophyll-a levels at representative open bay and tidal
tributary stations was conducted to determine overall trends in indicators of eutrophication
within Galveston Bay. Data on total ammonia, total inorganic nitrogen (nitrites + nitrates),
total phosphorus and chlorophyll-a levels for approximately 25 years (1973 through 1997)
were obtained from the Texas Natural Resource Conservation Commission (TNRCC) Surface
Water Quality Monitoring (SWQM) system. Data were plotted using LOESS graphical
techniques. Data was pooled on an annual basis. Values less than the detection limit were
assumed for the basis of plotting equal to the detection limit.

Overall trends in nutrient and chlorophyll-a levels in Galveston Bay suggest that phosphorus
levels have been declining over time. Differences however exist between open bay and larger
tributaries. Phosphorus levels continue to decline in urbanized and major tributaries (Figs 1-
4). Rates of decline in open bay areas are lower and/or have leveled off (Fig 5). Ammonia
levels have declined throughout the bay system. However, total inorganic nitrogen (TIN =
nitrates + nitrites) levels have increased as dissolved oxygen levels have increased in many
tributaries. Chlorophyll-a levels have declined in many locations of the Galveston Bay system.
There appears to be a positive correlation between declining phosphorus and chlorophyll-a
levels. However, in certain portions of the bay system, such as West Bay, phosphorus and
chlorophyll-a levels have remained fairly constant (approximately 0.1 mg/1 as P and 5.0 ug/1
respectively) over the last 10 years (Fig 6). These patterns suggest that most portions of the
Galveston Bay system do not appear to be nitrogen limited and that phytoplankton populations
are more regulated by fluctuations in phosphorus levels. Declining phosphorus levels may
have contributed to decreased phytoplankton biomass. The ecological significance of these
declines are debatable. Extrapolation of these trends suggest that many tributaries and open
bay areas may continue to experience declines in phosphorus without affecting baseline
productivity as defined by typical conditions in minimally impacted bay systems (e.g. West
Bay). In most cases, nutrient and chlorophyll-a levels would still be above conditions that
would be characterized as being oligotrophic (0.01 mg/1 total phosphorus) .

*Current Address: Minerals Management Service, 1201 Elmwood Park Blvd., MS 5410, New Orleans, LA
70123.
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State of the Bay Symposium IV

Exhibitors

Coastal Bend Bays and Estuaries Program
Sandra Alvarado or Doug Baker
6300 Ocean Dr.
Natural Resources Center, Ste. 3300
Corpus Christi, TX 78412
salvarad@tnrcc.state.tx.us or dbaker@tnrcc.state.tx.us

The Coastal Bend Bays and Estuaries Program (CBBEP) is one of 28 National Estuary
Programs in the country and one of two on the Texas Coast. The CBBEP is in its first year of
implementing the Coastal Bend Bays Plan, a comprehensive conservation and management
plan. The purpose of the exhibit is to present an overall picture of the Program's on-going
projects. In addition, this will provide us an opportunity to exchange information with
attenders, presenters, and GBEP participants about past and planned future experiences.

College of the Mainland
Chuck Buddenhagen
1200 Amburn Drive
Texas City, TX 77591
409-9888-258-8859 ext. 517

College of the Mainland is a two year comprehensive community college. We offer
Environmental Geology and a variety of non-credit environmental classes for early childhood
providers, elementary and secondary school teachers, especially through our Science and
Technology Resource Center, which served over 12,000 students in 1998. The exhibit
includes a Touch Tank Adventure where you can hold and observe Galveston Bay and Gulf
Marine animals and other special visitors, including starfish, horseshoe crabs, snails, and
more.
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Exhibitors (cont.)

Galveston Bay Estuary Program
Marilyn Browning, Director
711 W. Bay Area Blvd., Suite 210
Webster, TX 77598
281-332-9937
mbrownin@tnrcc. state. tx .us

The Galveston Bay Estuary Program is a partnership of bay stakeholders currently
working to implement The Galveston Bay Plan — a Comprehensive Conservation and
Management Plan (CCMP) for the Galveston Bay ecosystem. As part of the National Estuary
Program (NEP), the approach for CCMP development and implementation is one of consensus
building and developing partnerships among citizens, industry, business, development,
academia, and government. The exhibit highlights progress in implementation of The Plan and
several of the most successful projects and activities accomplished through partnerships.

Galveston Bay Foundation
Linda Shead, Executive Director
17324-A Highway 3
Webster, TX 77598
281-332-3381

GBF's mission is to preserve and enhance the Bay for its multiple uses through
programs in education, conservation, research, and advocacy. A part of a national effort to
restore estuarine habitat (Restore America's Estuaries), GBF has a goal to catalyze the
restoration of 24,000 acres of Bay habitat by the year 2010. GBF is overseeing the
development of The Habitat Conservation Blueprint, which is an inventory of sites which will
have potential for conservation or restoration.

Houston Lighting and Power Co.
Bill Baker, Consulting Biologist
P.O. Box 1700
Houston TX 77251
713-945-8209
william-baker@hlp. com

Houston Lighting and Power Company, part of Houston Industries, is an Electric
Utilities Company that is involved in significant habitat restoration efforts around the
Galveston Bay System. The exhibit highlights projects sponsored by HL&P.
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Exhibitors (cent.)

Texas General Land Office
Dr. Gideon Adjei, Regional Manager
11811 M. D. Street
LaPorte, TX 77571
281-470-1191

The GLO is the management agency for the state lands and mineral right properties totaling
20.5 million acres. Included are the beaches, bays and estuaries and other "submerged" lands
out to 10.3 miles in the Gulf of Mexico, a variety of institutional acreage, grazing lands in
West Texas, and timber lands in East Texas. GLO work in and around Galveston Bay
includes: coastal compliance, shoreline protection and stabilization, marsh creation and
restoration, Adopt - A - Beach, and Bay Watch. The GLO is the lead agency for the Texas
Coastal Management Program. The purpose of this program is to improve the management of
the state's coastal resources and to ensure the long-term ecological and economic productivity
of the coast, all within the framework of the federal Coastal Zone Management Program.

Texas Parks & Wildlife - Coastal Fisheries Division
Seabrook Marine Laboratory
Lance Robinson, Galveston Bay Ecosystem Leader
P.O. Box 8
Seabrook, TX 77586
(281)474-2811
lance. robinson@tp wd. state. tx. us

Texas Parks and Wildlife's Coastal Fisheries Division is responsible for monitoring and
managing the marine resources (finfish and shellfish) for the state of Texas. Fisheries data is
collected from Galveston Bay and the Texas Territorial Sea which allows evaluation, for
management purposes, of changes in long-term trends. The Coastal Fisheries display provides
information on the various monitoring programs used to collect this data.
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Exhibitors (cont.)

Texas Sea Grant College Program
Amy Broussard
1716 Briarcrest, Suite 603
Bryan, TX 77802
409-862-3767
abrouss@unix.tamu.edu

The Texas Sea Grant College Program is a partnership of university, government and
industry focusing on marine research, education, and advisory service. In 1968, Texas A&M
University received the distinction of being named among the nation's first six institutional
award recipients, and, three years later, was designated a Sea Grant College. The Texas Sea
Grant Program has a rich heritage of research and public service in the Galveston Bay area,
including numerous ongoing programs.

U.S. Fish & Wildlife Service
Will Roach
17629 El Camino Real Suite 211
Houston, TX 77058
will_roach@fws.gov

The USFWS is the primary federal agency charged with the stewardship and conservation
of the nation's fish and wildlife resources. Our primary areas of responsibility are threatened and
endangered species, migratory birds, and anadromous fishes. Much of our work is coastal Texas
involves protection and restoration of wetlands and associated habitats. Several USFWS
programs have monies available for habitat conservation on public or private lands. They include
our coastal Ecosystem Program, Partners for Fish and Wildlife, National Coastal Wetlands
Conservation Grants, and North American Wetlands Conservation Act Grants. Adjacent to the
Galveston Bay system are two National Wildlife Refuges, the Texas Chenier Plain NWR
Complex and Brazoria NWR Complex.
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Poster Displays

Houston-Galveston Navigation Channels, Texas Project, Beneficial Uses of Dredged Material, Alan R. lefts, Turner
Collie & Braden Inc.

Marsh Thanatocoenoses: Using Microfossils to Define Wetland Paleoenvironments, Bradley E. Hoge, Wetland Center
for Biogeochemical Research, Rice University

Galveson Bay Ambassador Program, Terry W. Tunks, Linda Shead, GBF

Texas Colonial Waterbird Census Database, Cynthia Murray-Guide, UHCL

Survey of Grass Carp (Ctenopharyngodon Idella) In Brays Bayou, White Oaks Bayou, and the San Jacinto River,
Martin J. Kelly HI, UHCL

Preliminary Studies of Diamondback Terrapin (malaclemys terrapin) Populations in West Bay, Galveston and Nueces
Bay, Corpus Christi, Texas, John A. Huffman, PBS&J Corporation, Houston, Texas, Lee Elliot, Texas Parks and
Wildlife Department, Corpus Christi, Texas

A History of the Scientific Management of Shrimp in the Galveston Bay System, Alecya Gallaway, The Environmental
Institute of Houston, Priscilla Weeks, The Environmental Institute of Houston

Dickinson Bayou Wetlands: Community-Based Environmental Protection, Julie Massey, Texas Agricultural Extension
Service, Texas A&M Sea Grant College Program, Dickinson, Texas

Have You Seen This Plant? Larry Hartman, Texas Parks and Wildlife Department, Jasper, Texas, Rhandy Helton,
Texas Parks and Wildlife Department, Jasper, Texas, Ron Jones, U.S. Fish and Wildlife Service, Houston, Texas

Evaluation of Marsh Creation/Restoration Projects In Terms of Design Criteria and Marsh Development, Galveston
Bay System, Texas, Thomas R. Calnan, Texas General Land Office, Austin.Texas, William A.White, Bureau of
Economic Geology, The University of Texas at Austin

Wetland Losses and Gains In Response to Relative Sea-Level Rise, Galveston and Corpus Christi Bay Systems, William
A. White, Bureau of Economic Geology, The University of Texas at Austin, Thomas A. Tremblay, Bureau of
Economic Geology, The University of Texas at Austin

Wetlands Restoration at Galveston Island State Park a Multi-Agency Project, Phil Glass, U.S. Fish & Wildlife Service,
Houston, TX

Wetland and Aquatic Habitat Restoration, Jumbile Cove, West Bay, Woody Woodrow, Texas Parks and Wildlife
Department, Houston, TX

The Proposed Removal of the Brown Pelican Along the Gulf Coast from the Endangered and Threatened Species List,
Edith Erfling, U.S. Fish and Wildlife, Clear Lake, TX

Survey of Benthic Macroinvertabrate and Microbial Communities in the Lower Houston Ship Channel, Cindy Howard,
University of Houston - Clear Lake, Houston, TX

Field Evaluation of Ecotoxic Impacts to Clear Creek, Cindy Howard, University Of Houston - Clear Lake, Houston,
TX

The Role of Stress Proteins in Pollution Tolerance of Grass Shrimp, Cindy Howard, University of Houston - Clear
Lake, Houston, TX
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Poster Displays (cont.)

Bayport Demonstration Marsh - A Beneficial Use of Dredge Material, Georganna B. Collins, Turner Collie & Braden
Inc., Houston, TX

The Importance of Episodic Events on Turbidity and the Mobility of Heavy Metals in Galveston Bay, Gary A. Gill and
Mead A. Allison, Dept. of Marine Sciences, Texas A&M at Galveston, Donald E. Harper, Dept. of Marine Biology,
Texas A&M at Galveston

Spring Shorebird Use at Brazoria National Wildlife Refuge Complex, Texas, Richard T. Speer, U.S. Fish &
Wildlife Service, Angleton, TX

Development of a Black Skimmer and Least Tern Nesting Site at Brazoria National Wildlife Refuge, Richard T.
Speer, U.S. Fish & Wildlife, Angleton, TX

Lafitte's Cove Water Quality Monitoring Program In Galveston Bay, Texas, Debbie L. DeVore and Andre M.
Landry, Jr., Texas A&M University at Galveston, Galveston, TX

Galveston Bay's Disappearing Bird Islands, Winifred Burkett, Texas Audubon, Friendswood, TX, Robert
Gallaway, Texas Audubon, Bacliff, TX

Brown Pelican's Return to Galveston Bay, Winifred Burkett, Texas Audubon, Friendswood, TX, Robert Gallaway,
Texas Audubon, Bacliff, TX

Bioavailability of Colloidal Materials to Bivalves in Galveston Bay Waters, Susan Gonzalez, Laodong Guo, Sammy
Ray, and Peter Santschi, Texas A & M University at Galveston, Galveston, TX

USGS/H-GAC Study to Characterize Water and Sediment-Quality in Christmas Bay, Brazoria County, Texas, 1998-
1999, Jeff East, USGS.

Development and Construction of a Freshwater Treatment Wetland and an Intertidal Wetland Adjacent to the Houston
Ship Channel, W.D. Quast, Benchmark Ecological Services, Inc., C. Chang, Radian International LLC, J. L.
Murray, Agrifos Fertilizer L.P., R. L. Davidson, Benchmark Ecological Services, Inc., J. R. Kovski, Radian
International LLP, G. Williams, Radian International LLP.

Restoration of Intertidal Wetlands Along the 1-45 Corridor - Galveston, Texas Robert Nailon, ENTRIX, Inc.,
Evangeline L. Whorton, Scenic Galveston.

Student Presentations:

Effects of Bivalve Feeding on the Biomass and Composition of Natural Marine Plankton Communities, Kristina
Faulk

An Examination of Bottlenose Dolphins (Tursiops Truncates) In The Gulf of Mexico using Morphometrics and
Hemoglobin Profiles: A Comparison of Techniques, J.S. Turner and L.J. Lester, University of Houston Clear Lake,
Houston, TX, and J.P. Turner and G.A. Worthy, Texas A & M Univeristy - Galveston, Galvston, TX

Oyster Growth On An Artificial Substrate, Tavia L. Clark, Texas A&M University - Galveston, Galveston, TX
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HOUSTON-GALVESTON NAVIGATION CHANNELS, TEXAS PROJECT
BENEFICIAL USES OF DREDGED MATERIAL UPDATE

Alan R. lefts, Turner Collie & Braden Inc., Houston, Texas

The Houston-Gal veston Navigation Channels, Texas Project comprises 53 miles of widening
and deepening of the navigation channel generating approximately 62 million cubic yards
of new work dredging and 190 million cubic yards of maintenance dredging over the 50-year
project life. A major feature of the project is the construction of approximately 4,582 acres
of intertidal marsh creating ecologically productive habitat in Galveston Bay. In April 1992
construction began on the 220 acre Bayport Demonstration Marsh (Demo Marsh). The
purpose of the Demo Marsh is to identify environmental and design parameters and
management requirements needed for establishment, growth, and survival of created marsh.
The construction of the Demo Marsh also validated the use of typical dredging equipment
in the placement of dredged material for beneficial uses.

This presentation provides an update on the development of the Demo Marsh, the lessons
learned, and management requirements. The information gathered from the Demonstration
Marsh has been utilized in the design of the Lower Bay Beneficial Use Site at Bolivar
Peninsula and will be utilized to design beneficial use sites at Atkinson Island and Midbay.
The initial Lower Bay sites consist of approximately 540 acres of new work intertidal marsh
adjacent to Bolivar Peninsula and a 12 acre Bird Island 1 mile offshore of the Bolivar Marsh.
The Lower Bay project is scheduled to begin construction in early fall 1998, beginning with
Bird Island.
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MARSH THANATOCOENOSES: USING MICROFOSSILS TO DEFINE WETLAND
PALEOENVIRONMENTS

Bradley E. Hoge, Wetland Center for Biogeochemical Research, Rice
University, Houston, TX

Wetland microfossils are often used to study sea-level fluctuations, thoughmost studies examine a
single taxonomic group and taphonomic controls areoften lacking. It is, therefore, difficult to
interpret fine-scale changes due to time averaging and taphonomy. Biogeochemical influences
during lifetime, preservation, and fossilization make it unlikely that any single taxonomic group will
be preserved across all wetland environments, making it unclear whether patterns observed in death
assemblages are due toecology or preservation. Studying taphonomic rather than taxonomic
trendsprovides a more effective means of interpreting fine-scale changes since carbonaceous,
siliceous, and proteinaceous species within and acrosstaxonomic groups often have different
ecological requirements andtaphonomic signatures.

Foraminiferal assemblages occur in salt to brackish marshes but are absentin fresh marsh sediments.
Arcellaceans occur in fresh marshes only, whileostracode and diatom assemblages occur in each
marsh type. Eachthanatocoenosis is susceptible to unique taphonomic gradients. By comparing
taphonomic trends across thanatocoenoses paleoenvironments can be determined within depositional
sequences.

An analysis of taphonomic trends in wetlands surrounding Galveston Bay suggests the following
model: During accretionary still stands, in situ preservation is high for each thanatocoenosis. This
is due to time averaging over an otherwise harsh and patchy chemical environment. During rapid
sea-level rise, fresh marsh sediments become inundated with brackish to salt water. This tends to
raise the pH and Eh enhancing preservation. Thanatocoenoses grade sharply from mixed to distinct.
During flooding or progradation, fresh water inundates brackish to salt water sediments. This tends
to lower pH and Eh decreasing preservation. In situ thanatocoenoses are reduced to only a few
species or eliminated completely.
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BAY AMBASSADOR PROGRAM

Terry W. Tunks, Galveston Bay Foundation, Webster, Texas
Linda R. Shead, P.E., Galveston Bay Foundation, Webster, Texas

Since 1993, trained volunteers have visited over 28,000 students and teachers in the Galveston Bay
community to present a classroom program designed to increase awareness and knowledge of
Galveston Bay, its many uses, its importance to humans and nature, and to provide an introductory
stepping stone to field excursions which further enhance a student's understanding of the complex
interdependencies of the Bay ecosystem. Presentation materials and activities include map
identification, a slide presentation, a water quality demonstration, a nonpoint source pollution
demonstration, and inspection of Bay specimens.

This program is an important component of the Public Participation and Education Action Plan,
bringing specific curricula to Galveston Bay watershed school districts and developing effective
volunteer opportunities for citizens of the Galveston Bay community.

This presentation is available to the public and suitable for students K-12. Presentation solicitation
and volunteer recruitment and training are ongoing.
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TEXAS COLONIAL WATERBIRD CENSUS DATABASE

Cynthia Murray-Guide, University of Houston-Clear Lake, Houston, TX

From 1973 to the present, biologists from federal, state and private organizations have directed a co-
operative survey and census of waterbird colonies in Texas. The surveys were conducted at over 300
coastal and inland colonies and focused on 26 nesting bird species. The objective of this project was
to compile the surveys taken from 1973 to 1996 and create a user-friendly computer database. The
database contains information regarding map location and identification of each individual site, the
colony name, the geographic coordinates, the observer, common species name and population count.
Each of these variables may be used in a search so that specific parameters may be analyzed. This
database is designed for general public use, however, it will be useful in wildlife management
practices to locate new or abandoned sites, as well as monitor population trends at existing colonies.
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SURVEY OF GRASS CARP (CTENOPHARYNGODONIDELLA) IN
BRAYS BAYOU, WHITE OAKS BAYOU, AND THE SAN JACINTO RIVER

Martin J. Kelly III, University of Houston-Clear Lake, Webster, Texas

The grass carp (Ctenopharyngodon idella), a fish from the Family Cyprinidae, was stocked into Lake
Conroe, Texas in 1981-82 as a biocontrol agent for nuisance aquatic vegetation. Texas Parks and
Wildlife Department (TPWD) began to receive reports that grass carp were being caught in
commercial fisherman's nets during 1981-82 in the Trinity River and Galveston Bay . Grass carp
have expanded their local range and there is concern that reproduction in local bayous will increase
their ecological impact. Grass carp that have migrated into upper Galveston Bay are believed to be
consuming Spartina alterniflora and Ruppia maritima. The ecological integrity of the bay could be
altered by this exotic herbivore.
Adult grass carp were collected from Brays Bayou hi July 1997 and from Brays Bayou and the San
Jacinto River hi April 1998. The grass carp collected in 1997 and 1998 were analyzed for ploidy.
Two fish out of the 17 collected in 1997 had mature ovaries. All of the 15 grass carp collected hi
1998 had mature gonads. Ploidy of the grass carp collected in 1998 was determined from blood.
Analysis of the blood cells showed them to be aneuploid. They exhibited DNA size characteristics
between triploid and diploid. The amount of DNA was greater in fish from Brays Bayou than the
San Jacinto. Spawning capability of the adult grass carp was determined by examining
ichthyoplankton samples for the presence of grass carp eggs and larvae. Eggs of many fish were
collected but fewer than 10 are presumed to be grass carp. More than 50 of the collected larvae have
been classified to the Family Cyprinidae. The stomach contents of the adult grass carp were
analyzed for the presence of major macrophyte species by use of gel electrophoresis. Protein
markers unique to potential local food plants were identified. Plant species could not be identified
from stomach enzymes had denatured the plant enzymes.
This study provides evidence of the reproduction of grass carp in selected Houston waterways, as
well as ploidy differences across waterways.

318



PRELIMINARY STUDIES OF DIAMONDBACK TERRAPIN
(MALACLEMYS TERRAPIN) POPULATIONS IN WEST BAY,

GALVESTON AND NUECES BAY, CORPUS CHRISTI, TEXAS.

John A. Huffman, PBS&J Corporation, Houston, Texas
Lee Elliot, Texas Parks and Wildlife Department, Corpus Christi, Texas

The diamondback terrapin, Malaclemys terrapin, is a uniquely adapted emylid turtle that is
specifically suited for life in the estuarine environment. Basic ecology of East Coast varieties has
been well studied, however almost nothing is known of Texas populations. A mark-recapture study
was initiated to provide preliminary information of terrapin populations in West Bay. The study was
conducted from September to November 1997 in an expansive saltmarsh in West Bay in which
diamondback terrapins had been documented. A similar study in Nueces Bay was initiated in June
1997. Methodologies of the two studies were similar. Modified crab traps baited with dead fish
were used to capture the terrapins in both studies.

In West Bay, a total of 1,554 trap hours were accrued in one study area yielding the capture of one
mature female terrapin. The Nueces Bay study yielded a total of 106 captures (83 females and 23
males) and 11 recaptures in 1,410 trap hours. When compared to the Nueces Bay capture-recapture
rates during the same period, the data suggests West Bay populations were very small. Terrapins
in the Nueces Bay study were captured in close proximity to oyster reefs and small shell islands.
The habitat at the West Bay study site consisted primarily of large areas of smooth cordgrass
(Spartina alterniflord) marsh.

Anecdotal information provided by commercial crabbers, resource biologist and terrapin enthusiasts
suggested terrapins were more abundant than the trapping study indicated. Terrapin populations
were reported in several areas of West Bay. In response to the anecdotal information, a
supplementary field trip was conducted in May 1998. The trip was conducted at a site with a
reportedly abundant terrapin population in West Bay. The field trip yielded the capture of 25
terrapins within a two-hour period. Terrapins were captured by hand in narrow tidal creeks within
a large smooth cordgrass marsh.

The lack of diamondback terrapin captures by traps in West Bay when compared to Nueces Bay may
be due to significant differences in habitat utilization and dispersal patterns between the upper and
lower Texas coastal populations. Estimates of West Bay terrapin populations could not be
determined by the data. Time of year, capture techniques and habitat characteristics are proposed
to be major factors contributing to the negative result of the West Bay Study. Many questions of
basic diamondback terrapin ecology along the Texas coast remain.

319



A HISTORY OF THE SCIENTIFIC MANAGEMENT OF SHRIMP
IN THE GALVESTON BAY SYSTEM

Alecya Gallaway
Environmental Historian and Research Assistant

Priscilla Weeks
Cultural Anthropologist and Research Associate

The Environmental Institute of Houston
University of Houston - Clear Lake

The Environmental Institute of Houston provided funding for this two-part project which
chronicals the evolution of scientifically based management of the shrimp fisheries around
Galveston Bay. Phase one was the research and collection of archival material that
chronicled the historical, economical, scientific, and social data that relate to shrimp as one
of Galveston Bay's sustainable natural resources. The second phase was to chronicle the
evolution of the shrimping industry through oral histories, first-hand accounts, and acquired
knowledge of the ecology of the Galveston Bay system.

The poster presentation of this project will consist of historical photographs illustrating the
shrimping industry, historical scenes of Galveston Bay, the agencies involved with this
industry, and excerpts from reports produced through the early research of those estuarine
marshes considered important as shrimp nursery grounds.
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Dickinson Bayou Wetlands:
Community-Based Environmental Protection

Julie Massey
Texas Agricultural Extension Service

Texas A&M Sea Grant College Program
Dickinson, Texas

Marie Nelson
Galveston Bay Estuary Program

Webster, Texas

The Dickinson Bayou Wetlands: Community Based Environmental Protection Project is designed
to increase community awareness of wetland values (economic and environmental) and losses. The
project also will help the community to identify opportunities for wetland protection. To date, more
than 202,000 citizens have learned about the project through slide programs, exhibits and news
articles. The project was also featured on the local Public Broadcasting Station (KUHT) and as a
poster presentation at the national "Communities Working for Wetlands" Conference held in
Alexandria, Virginia in May, 1997.
Volunteers from several groups including the Galveston County Master Gardeners, students from
McAdams Junior High and Sam's Club employees have participated in planting two wetland sites
in the project area. These plantings and the associated education really make an impression on the
volunteers. They not only get to feel, smell and sometimes taste the wetland; they also discover how
a wetland performs a variety of functions such as serving as habitat or acting as a filter.
Fourteen Dickinson I.S.D. teachers participated in two three-day workshops which focused on using
wetlands as an outdoor classroom. Future workshops for Realtors, local government and educators
are planned and will include field activities.
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HAVE YOU SEEN THIS PLANT?
Larry Hartman, Texas Parks and Wildlife Department, Jasper, Texas
Rhandy Helton, Texas Parks and Wildlife Department, Jasper, Texas

Ron Jones, U.S. Fish and Wildlife Service, Houston, Texas

Giant salvinia, Salvinia molesta, a State and Federally prohibited, aquatic plant has been found in
the Houston area. Previously unknown from Texas, this noxious, floating aquatic plant has been
identified from locations near downtown Houston; northeast Galveston county; northwest Harris
county and most recently at Toledo Bend, the large Texas-Louisiana border reservoir. Capable of
doubling its surface area in less than a week and creating vegetation mats a meter thick, Salvinia
could become our next Water hyacinth. This plant prefers quiescent portions of lakes, ponds,
wetlands, irrigation canals, and slow moving streams. Infestations block waterways and greatly
reduce light penetration and oxygen levels. Human activities help spread salvinia and probably
brought it to Texas. Since this species has been termed in the literature as "one of the worlds worst
weeds", an effort is being made to educate the public as to the urgency to eradicate populations of
this plant immediately.
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EVALUATION OF MARSH CREATION/RESTORATION PROJECTS
IN TERMS OF DESIGN CRITERIA AND MARSH DEVELOPMENT,

GALVESTON BAY SYSTEM, TEXAS

Thomas R. Calnan, Texas General Land Office, Austin,Texas
William A. White, Bureau of Economic Geology, The University of Texas at Austin

Wetland loss as a result of natural processes and human activities in the Galveston Bay system and
in other estuarine systems along the Gulf of Mexico is of continuing concern and highlights the need
for designing and implementing marsh restoration and creation projects. There have been numerous
efforts to restore, enhance, and create wetlands in the Galveston Bay system. Unfortunately, most
have not been systematically monitored to determine their success. Among the objectives of this
project were to analyze selected marsh restoration/creation projects to identify design criteria, and
to evaluate marsh growth and potential for large-scale application. Funding for this study was
provided by the U.S. Environmental Protection Agency.

Seven marsh restoration/creation sites in the Galveston Bay system were selected for analysis. Field
surveys were conducted using a total station to determine land surface heights and slopes of created
wetlands in relation to types of vegetation, percent cover, plant heights, vertical range in occurrence,
hydrology, lithology of substrates, site stability, and exposure of shorelines to wave action. These
analyses helped define the most successful criteria for marsh restoration and creation. Of the seven
sites analyzed, two were primarily fill sites (where fill material is used to elevate the surface to
intertidal levels), two were fill and shape sites, two were scrape-down sites (where the surface is cut
down to achieve intertidal and subtidal elevations), and one was a natural substrate with shore
protection.

Analyses of vegetation characteristics and land surface profiles indicate that the fill, and fill and
shape sites had achieved the densest foliar cover, with percentages ranging in the 60s, followed by
scrape-down sites with percentages in the 40s. Heights ofSpartina alterniflora also varied. At many
sites there was a high inverse correlation between height of the land surface and height ofSpartina
alterniflora. Along some transects this relationship was exponential, and along others linear. The
average vertical range in land surface height on which Spartina alterniflora occurred varied from
25 cm to more than 60 cm. Although not as cost-effective, vegetation could be planted beyond its
expected range and allowed to equilibrate with the mean intertidal range. A more cost-effective
approach would be to plant at a narrower range with the expectation that transplants will spread and
cover the normal tidal zone. At sites where organically rich fill material is used, wider plant
spacings are more cost effective. In terms of substrates, frequently inundated organically rich muds
(silt and clay) seem to have the most potential for relatively rapid growth and development of
vegetation. In contrast, low-organic, dewatered Pleistocene clays at scrape-down sites may take time
to become fertile enough for rapid spread of vegetation. Subsidence was a potential threat at all
marshes investigated, but, in terms of shoreline stability, all sites had design criteria to guard against
erosion.

Both scrape-down and fill sites, plus combinations of the two, have potential for large-scale
development. Scrape-down sites are usually developed in uplands, so there is the potential of adding
wetlands without displacing aquatic (bay bottom) habitats. In fill sites, vast quantities of dredged
material from navigation channels provide a potential source of fill for large-scale development.
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WETLAND LOSSES AND GAINS
IN RESPONSE TO RELATIVE SEA-LEVEL RISE,

GALVESTON AND CORPUS CHRIST! BAY SYSTEMS
William A. White, Bureau of Economic Geology, The University of Texas at Austin

Thomas A. Tremblay, Bureau of Economic Geology, The University of Texas at Austin

Variations in rates of relative sea-level rise along the Texas coast on the Gulf of Mexico have
contributed to losses and gains in marsh habitats (emergent wetlands) since the 1950's. In the
Galveston-Trinity Bay System, rates of relative sea-level rise have exceeded marsh vertical accretion
rates, and vegetation has been lost by submergence. In the Corpus Christi Bay System, lower rates
of relative sea-level rise have contributed to marsh expansion as formerly saline wind-tidal flats have
become more frequently flooded and emergent vegetation has spread along the upper margins of the
flats.

Using digital files available through the U.S. Fish and Wildlife Service National Wetlands Inventory
(NWI) and related special programs, we analyzed spatial and temporal distribution of wetlands as
part of two National Estuary programs (Galveston and Corpus Christi Bays). These analyses were
supplemented by other wetland studies conducted by the Bureau of Economic Geology. Wetland
distribution was based on aerial photographs taken in the 1930's, 1950's, 1979, and 1989-92.
Changes in estuarine emergent wetlands (salt and brackish marshes) and tidal flats were the focus
of the study. Rates of relative sea-level rise were determined from National Oceanic and
Atmospheric Administration tide gauge and U.S. Geological Survey subsidence records.

GIS analysis of wetlands helped define the relationship between wetland trends and relative sea-level
rise. Subsidence is a major component of the relative sea-level rise equation. Human-induced
subsidence, resulting from withdrawal of ground water and oil and gas, has contributed to an
accelerated rise of sea level that locally has exceeded 6 cm/yr in the Galveston Bay system along the
northern coast. Here, thousands of hectares of salt and brackish marshes have been displaced by
open water. In the Corpus Christi Bay system along the central coast, rates of relative sea-level rise
are lower with long-term rates of less than 0.5 cm/yr and short-term rates less than 1.7 cm/yr.
Although large areas of wind-tidal flats have been permanently submerged and converted to seagrass
beds and open water, estuarine intertidal and palustrine marshes have expanded by thousands of
hectares. There is evidence that maximum changes in marsh distribution in both geographic areas
occurred between the mid-1950's and mid- to late-1970's, a period that coincides with a Gulf-wide
increase in the average rate of relative sea-level rise.

Data and results presented were derived from studies by the Bureau of Economic Geology at The
University of Texas at Austin, U.S. Fish and Wildlife Service, and Texas Parks and Wildlife
Department. Funding for the Galveston Bay and Corpus Christi Bay National Estuary Programs was
provided by the Texas Natural Resource Conservation Commission and U.S. Environmental
Protection Agency.

324



WETLANDS RESTORATION AT GALVESTON ISLAND STATE PARK
A MULTI-AGENCY PROJECT

Phil Glass, U.S. Fish & Wildlife Service, Houston, TX
Ted Hollingsworth, Texas Parks & Wildlife Department, LaPorte, TX

Galveston Island State Park included 1100 acres of tidal salt marsh, mostly smooth cordgrass
Spartina alterniflora in 1930. The adjacent West Bay shallows contained large seagrass beds,
probably Halodule -wrightii. There were approximately 900 acres of marsh left when the tract
became a state park in 1960. In the early 1990's biologist and fishermen noticed the marsh was
rapidly disappearing. By 1994, aerial photographs confirmed there were only 400 acres remaining.
Over the last 4 years, the marsh has disappeared, until today there are roughly 100 acres. West Bay's
south shore tidal marshes are disappearing at an alarming rate, apparently from erosion precipitated
by subsidence.
Biologists from Texas Parks and Wildlife Department secured a $2.1 million grant package from the
National Coastal Wetlands Grant Program, Galveston Bay Estuary Program funds, and the Natural
Resource Damage Assessment process process. The Galveston Island State Park Restoration Task
Force is made up of members from Texas Parks and Wildlife Department, U.S. Fish and Wildlife
Service, National Marine Fisheries Service, U.S. Army Corps of Engineers, Texas General Land
Office, Galveston Bay Foundation, and Texas Natural Resource Conservation Commission.
The Task Force has collected aerial photographs, geotechnical and bathymetric data, and visited
similar restoration sites along the Gulf Coast. Final project design and construction was contracted
to Shiner and Moseley, Incorporated. The 404 permit was applied for during October 1998.
Construction is to begin in January 1999, with planting scheduled for March 1999.
The goal is to create a protected mosaic of tidal wetlands, including low emergent marsh, high
marsh, seagrasses, protected shallow-water habitat, and salt flats. These restored wetlands should
achieve a diversity and productivity equaling that found in the historic marsh. Target species are
shellfish such as blue crab, white shrimp, and brown shrimp; finfish such as spotted seatrout, red
drum, and southern flounder; migratory game birds such as green-winged teal, northern pintail, and
redhead; migratory shorebirds such as dowitcher, greater yellowlegs, and western sandpiper; and
resident waterbirds such as great blue heron, willet, and clapper rail.
Specific restoration goals of the proposal are: intertidal marsh-115 acres, seagrass beds-2 acres, salt
flats-5 acres, and 2,500 linear feet of restored bay shoreline. Actual totals will depend on the final
design and exigencies of the bidding process.
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WETLAND AND AQUATIC HABITAT RESTORATION, JUMBILE COVE,
WEST BAY

Jarrett "Woody" Woodrow, Texas Parks and Wildlife Department, Houston, Texas.
Cherie L. O'Brien, Texas Parks and Wildlife Department, Houston, Texas.

Will Roach, U.S. Fish and Wildlife Service, Houston, Texas.

Wetland habitats maintain the health and productivity of Galveston Bay by furnishing
primary productivity in the form of detrital food for primary consumers and by furnishing
habitat for most estuarine invertebrates and fishes. Up to 96 percent of commercial landings
and 70 percent of recreational landings in the Gulf of Mexico are of species that are
estuarine-dependent.

In 1930, 184 acres of Jumbiie Cove was comprised of: 75 acres of intertidal marshes; 56
acres of tidal flats; 29 acres of lagoon/open water; and more than 24 acres of prairie (high
marsh to uplands). Today, this area has been reduced and converted, as a result of
subsidence and erosion, to: 35 acres of intertidal marshes; 18 acres of tidal flats; 116 acres
of shallow open water; and 15 acres of prairie (high marsh). At the present rate of erosion,
most of the remaining intertidal habitats will be gone within five years. Soft sediments,
which formerly supported emergent vegetation at the cove, have disappeared, further
reducing the ability of the marsh to recover from impacts.

The specific wetland habitat type to be restored as part of terracing, a matrix of sediment
berms called terraces, is intertidal marsh. Earthen building material hi the form of shell, stiff
clays suitable for berm or levee construction, sand, fine-grained material usable for marsh
creation, or a combination of these will be used to form the terraces and to restore elevations
necessary for wetland creation. Materials adequate for building levees and wetlands are
readily available onsite.

The immediate result of this project will be the creation of 52 acres of intertidal marsh. The
presence of these berms will preserve the remaining 35 acres of intertidal marsh and 18 acres
of tidal flat habitat. This project will also result in the accrual of increased aquatic habitat
values by protecting 64 acres of tidal lagoon habitat. The berms will protect the interior water
from winds and waves resulting hi clearer waters, promoting the establishment of
submergent vegetation.

The proposed project is a cooperative partnership between the Texas Parks and Wildlife
Department, National Fish and Wildlife Foundation (Shell Marine Habitat Program),
Galveston Bay Estuary Program, Houston Lighting and Power Company, Environmental
Institute of Houston, and U. S. Fish and Wildlife Service, Galveston Bay Foundation.

Jarrett "Woody" Woodrow, Regional Coordinater, Upper Coast Conservation Office,
Resource Protection Division, Texas Parks and Wildlife Department, 17629 El Camino Real,
Suite 175, Houston, Texas, USA, 77058, (281) 461-4071, FAX (281) 488-1752.
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THE PROPOSED REMOVAL OF THE BROWN PELICAN
ALONG THE GULF COAST

FROM THE ENDANGERED AND THREATENED SPECIES LIST

Edith Erfling
U.S. Fish & Wildlife, Clear Lake, Texas

The U.S. Fish and Wildlife Service is considering removing brown pelicans located in
Mississippi, Louisiana and Texas from the federal list of threatened and endangered species.
Like the bald eagle, the eastern brown pelican was once threatened with extinction due to the
use of DDT and other organochlorine pesticides. Now, the eastern brown pelican is a familiar
sight along the Texas and Louisiana Gulf coasts.
Nesting colonies of eastern brown pelicans, some containing over eight thousand birds, are
scattered from Corpus Christi, Texas to New Orleans, Louisiana. In 1994, approximately 125
pairs of eastern brown pelicans nesting on Little Pelican Island in Galveston Bay produced 90
young. This marked the first time in over 40 years that the eastern brown pelican successfully
nested in Galveston Bay. In 1998, an estimated 400 pairs of brown pelicans nested on Little
Pelican Island.
The eastern brown pelican was listed as endangered in 1970 because of population declines
caused by the use of the pesticide DDT and other organochlorine pesticides. By the time it
was listed, less than 10 pairs of eastern brown pelicans nested in Texas. The only eastern
brown pelicans in Louisiana were those restocked from Florida and their offspring.
Today, the nesting population along the Gulf coast is estimated at 14,000 pairs. Agency
biologists know of no major threats to the eastern brown pelican. Protection, research, and
recovery actions funded and carried out under the Endangered Species Act and the actions
undertaken by the States have been essential to reestablishing and recovering the eastern brown
pelican along the Gulf Coast.
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SURVEY OF BENTHIC MACROINVERTAERATE AND MICROBIAL
COMMUNITIES IN THE LOWER HOUSTON SHIP CHANNEL

Cynthia L. Howard, University of Houston - Clear Lake
Robert N. Ferebee, University of Houston - Clear Lake

Jennifer Reaves, University of Houston - Clear Lake

From May 1993 through March 1996, a portion of the lower Houston Ship Channel (HSC) between
the San Jacinto River confluence and Morgans Point was studied to determine the diversity and
productivity of macroinvertebrate and microbial fauna. Benthic and water samples were collected
quarterly from six sites along the HSC and one station on the San Jacinto River, selected as non-
point source areas. All samples were taken from the channel shelf at locations approximately
equidistant from the channel pit edge and the shoreline.

Measured water quality parameters, which included dissolved oxygen, temperature, pH, and salinity,
changed seasonally but remained within ranges deemed adequate for aquatic life throughout the
study. The study period encompassed a significant flood event in November 1994 and a significant
drought period in 1995-1996. These events were associated with abnormal salinity, pH and
biological oxygen demand (BOD); however, these parameters returned to baseline when normal
weather conditions were reestablished.

There was little variation in the abundance or diversity of benthic macroinvertebrates, neither among
the sites nor across time. The most significant predictors of benthic macroinvertebrate abundance
and diversity were the abundance and productivity of the microbial populations. Many benthic
macroinvertebrates feed predominantly on microorganisms. Although the overall diversity of the
benthic community in the lower HSC was similar to that found in other studies of the area, the
species found most often in this study are recognized as indicators of disturbed environments.

Microorganisms populations were comprised of mostly heterotrophic aerobes, with some facultative
anaerobes. Populations of sediment bacteria exhibited a desirable aerobic:anaerobic ratio and there
was o evidence of euthrophication. BOD levels were elevated, indicating a high content of organic
material.

This research project was supported by the East Harris County Manufacturers Association.

Author to contact: Cindy Howard
Associate Professor, Biology and Environmental Science
University of Houston - Clear Lake
2700 Bay Area Blvd.
Houston, TX 77058
Telephone: (281)283-3745
Fax:(281)283-3707
E-Mail: howardc@.cl.uh.edu
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FIELD EVALUATION OF ECOTOXIC IMPACTS TO CLEAR CREEK
Angel L. Plaza, University of Houston - Clear Lake
Anita J. Hagan, University of Houston - Clear Lake

Bill Stevens, University of Houston - Clear Lake
Charles Nwankwo, University of Houston - Clear Lake
Cynthia L. Howard, University of Houston - Clear Lake

In the Houston - Harris County region of Texas, most natural streams have been channelized over
the past 50 years in an attempt to control flooding. Clear Creek, a 30-mile long meander emptying
into Clear Lake and Galveston Bay, is the notable exception. Although still technically hi its natural
state, Clear Creek has been subjected to a number of toxic inputs from sources that include the brio
Superfund Site, two waste treatment plants, and runoff from pastureland and residential areas.
In this study, we collected water, sediment and biota from three reference sites in Armand Bayou
and 13 sites along the 14-mile reach of Clear Creek under consideration for channelization. Water,
sediment and selected fish were analyzed for heavy metals by inductively coupled plasma
spectroscopy (ICP) and atomic absorption spectroscopy, and for volatile organics (VOCs) and
chlorinated hydrocarbon compounds by gas chromatography - mass spectroscopy (GCMS).
Sediment toxicity was evaluated by two methods: (1) reduction of luminescence in Photobacterium
phosphoreum using the Microtox® solid phase assay, and (2) chronic exposures of Daphniapulex
to elutriates from sediment resuspensions. The benthic macroinvertabrate diversity at selected sites
was also studied. Our results indicate that sediments are contaminated in specific places along Clear
Creek and toxic impacts to test species, as well as the natural community, are measurable.
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THE ROLE OF STRESS PROTEINS IN POLLUTION
TOLERANCE OF GRASS SHRIMP

Cynthia L. Howard, University of Houston - Clear Lake
Kenneth R. Whirl, University of Houston - Clear Lake

Contaminants-specific stress proteins (CSSPs) have been identified in estuarine organisms as
biomarkers of pollutant exposure, and the role of these proteins as a mechanism for adaption to
ambient pollutants is being investigated. This study compared CSSP induction and accumulation
in the tissues of grass shrimp (Palaemonetes pugio) collected from 20 sites in Galveston and
Matagorda Bays, TX. The sites were selected on the basis of known sediment contamination (e.g.,
mercury or oilfield brine) and were assigned to one of three groups: point source contamination, non-
point source contamination, or reference. CSSPs were identified in homogenates of whole shrimp
by polyacrylamide gel electrophoresis, and were quantified by imaging densitometry. Three test
groups of grass shrimp were studied: (1) a group collected directly from each site in the field, (2) a
group collected from each site in the field, then exposed to 96-hr cadmium challenge assays in the
laboratory, and (3) a group of lab-acclimated assay controls.

Four contaminant-specific stress proteins were found to vary in grass shrimp among the collection
sites, both in those evaluated directly from the field and those exposed to cadmium challenge. Grass
shrimp collected from the point source contamination sites exhibited the highest survival rates in the
cadmium challenge assays. These organisms also exhibited higher induction of two specific proteins
under cadmium stress. However, maximum overall stress protein concentrations were found in grass
shrimp inhabiting sites classfied as non-point source contamination. The results of this study
provide evidence that CSSP induction and accumulation is positively correlated with ambient
pollution tolerance in grass shrimp.
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BAYPORT DEMONSTRATION MARSH - A BENEFICIAL
USE OF DREDGE MATERIAL

Georganna B. Collins, Turner Collie & Braden Inc., Houston, TX
Robert C. Esenwein, C.E.P., Turner Collie & Braden Inc., Houston, TX

In 1993, the Port of Houston Authority, the U.S. Army Corps of Engineers, and the Beneficial Uses
Group constructed the 220-acre Bayport Demonstration Marsh. The purpose for constructing the
marsh was to identify key environmental and design parameters as well as monitoring and
management requirements needed for the establishment, growth, and survival of 4,000 acres of
future created marsh.
The overall project goal is through beneficial use of dredge material, create marshes that are
ecologically similar to natural marshes located on Atkinson Island, Hog Island, and at Cedar Point
in Galveston Bay as identified in the study entitled Development ofDesin Criteria and Parameters
for Constructing Ecologically Functional Marshes in Galveston Bay, Texas (Rozas et al 1995).
As an integral step in achieving this goal, monitoring and management of the Demonstration Marsh
were proposed. Monitoring has been on-going on quarterly since 1995 after the Marsh was planted.
This poster presentation will report on monitoring results since the immediate effects of construction
activities have subsided and sufficient time has clasped to allow for plant establishment, channel
formation, and tidal exchange to develop. Other physical conditions such as plant health, animal
usage, and water quality parameters will be presented.
Monitoring and management activities are aided using aerial photography to tract the degree of
marsh habitat development. Quantitative characteristics such as plant cover, density, diversity, and
niche development can be determined from aerial photography interpretation. Further, the available
historical record of high-resolution-repeat photographs allows for changes in the vegetative cover
and marsh/water rations to be measured.
Monitoring assessment activities conducted over time allows for seasonal activity evaluations of
marsh development and habitat use such as migration, spawning/nesting, and breeding. This
presentation will highlight current marsh conditions, the level of function being achieved, and long-
term informational needs regarding future marsh creation in Galveston Bay.
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THE IMPORTANCE OF EPISODIC EVENTS ON TURBIDITY AND THE MOBILITY
OF HEAVY METALS IN GALVESTON BAY

Gary A. Gill and Mead A. Allison, Dept. of Marine Sciences, Texas A&M at Galveston
Donald E. Harper, Dept. of Marine Biology, Texas A&M at Galveston

Episodic sediment resuspension events in estuaries (e.g., storms, shrimp trawling, or dredging) can
substantially alter biogeochemical characteristics of the substrate and also reintroduce sediment
particles and pore fluids into the water column. Such events are a control on the accumulation of
sediment in the estuary and potentially allow the re-release of historically deposited contaminants.
To elucidate the geological, geochemical, and biological impact of episodic events in Galveston Bay,
we have begun (in Summer 1998) a three-year, Texas SeaGrant-funded assessment of the effects of
shrimp trawling and wind storms on sediment resuspension. Shallow estuaries like Galveston Bay,
where fine-grained bay bottom settings are only 2-4 m depth and the tidal range is relatively small,
are dominated by wind-induced mixing that reduces stratification effects produced by estuarine
circulation. Wind stresses are transmitted to the bottom in the form of direct wind-induced currents
and wind waves, with the resulting benthic shear stress mainly controlled by fetch at the site. In
spite of this highly energetic system, a large area of bay bottom habitat in Galveston Bay (-40%)
is floored by fine-grained sediments from riverine input, shoreline erosion, marine sources, and
internal (biological) production. Because of their capacity to adsorb inorganic and organic pollutants
and the frequency of resuspension, these sediments constitute a potentially large and recurring source
for toxic materials entering the estuarine water column. The major objective in this study is to
determine the relative importance of these natural sediment resuspension mechanisms with
anthropogenic effects such as shrimp trawling, and to elucidate their importance in promoting the
release or recycling of associated components.

The first year of the research is focused upon the effects of shrimp trawling, and its impact on seabed
sediment character and benthic biology and geochemical perturbations on sediment-water transport.
Trawling resuspension experiments are underway using local fisherman in a variety of bottom
habitats and seasons. Boundary-marked study and control grids will be established and monitored
before, during, and for regular intervals after controlled trawling. Investigations will include water
column properties (e.g., turbidity, salinity, temperature, current speeds, etc.), seabed character (e.g.,
shear strength, grain size and sorting, porosity), abundance and diversity of benthic organisms,
geochemical seafloor properties (dissolved O2, pore water nutrient and metal concentrations, mixing
and accumulation rates of ratioisotopes), and seabed fluxes of pore water constituents. Year 2/3 will
concentrate on measuring the chemical flux rates and turbidity response caused by natural episodic
events (e.g., winter storms, summer maritime winds, and possibly, tropical storms) using bottom-
deployed instrument packages combined with site characterization. Quantification of natural and
anthropogenic resuspension effects will provide information for agencies, managers, and scientists
to: 1) better balance water quality and long-term Bay health issues with the benefits of the
shrimping industry; 2) better determine the fate and environmental hazard of heavy mineral species;
and 3) better model the sediment dynamics and cycling of chemical species (including nutrients) in
shallow estuaries.
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SPRING SHOREBIRD USE AT BRAZORIA NATIONAL WILDLIFE REFUGE
COMPLEX, TEXAS

Richard T. Speer, USFWS, Angleton, TX

Shorebird surveys were conducted from March through May of 1993 and 1994 at Brazoria
National Wildlife Refuge (NWR) Complex, located along the upper coast of Texas and consisting
of Brazoria, San Bernard, and Big Boggy NWRs. Thirty-three species of shorebirds were
observed and the greatest shorebird abundance occurred during late April of both years.
Dowitchers (Limnodromus spp.) and lesser yellowlegs (Tringa flavipes) were the most abundant
migrants. In 1993, the largest shorebird concentrations were associated with lesser snow goose
(Chen caerulescens) eat-out areas in saltmarshes, and secondly with tidal mudflats. In 1994, due
to more favorable habitat conditions, shorebird concentrations were more evenly distributed in
brackish marshes, tidal mudflats, and snow goose eat-outs. Sizable concentrations also occurred
in dredged spoil disposal impoundments along the Gulf Intracoastal Waterway. Freshwater
impoundments received relatively little shorebird use, because of heavy vegetation and lack of a
dependable water supply. As a result of these surveys, the Brazoria NWR Complex is now
classified as an International Shorebird Site by the Western Hemisphere Shorebird Reserve
Network (WHSRN).
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DEVELOPMENT OF A BLACK SKIMMER AND LEAST TERN
NESTING SITE AT BRAZORIA NATIONAL WILDLIFE REFUGE

Richard T. Speer, USFWS, Angleton, TX

During January of 1995 a black skimmer (Rynchops niger) nesting area was developed on an
abandoned gas well drilling pad at Brazoria National Wildlife Refuge. Black skimmers traditionally
nest on shell islands and beaches in the surrounding bays. These natural nesting sites are often
destroyed by high tide waters or predators. The elevation at the drilling pad was high enough to
avoid flooding from most high tide situations, while still providing close proximity to feeding areas.
Half of the area was covered with gravel and half with oyster shell. A chain-link predator fence
armed with two electric wires was built around the area to exclude predators. Black skimmer decoys
were placed on the area to initially attract the birds. Surveys were conducted throughout the nesting
seasons of 1995 and 1996. Black skimmers, least terns (Sterna antillarum). and gull-billed terns
(Sterna nilotica) nested on the site both years. Thirty-five black skimmers in 1995 and 93 in 1996
were noted as nesting during the annual waterbird colony census during early June of both years.
Least terns numbered 110 during 1995 and 111 during 1996. Gull-billed terns numbered 15 and 23
in respective years. Black skimmers and gull-billed terns seemed to prefer nesting on the oyster
shell, while least terns nested more on the gravel.
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LAFITTE'S COVE WATER QUALITY MONITORING PROGRAM
IN GALVESTON BAY, TEXAS

Debbie L. DeVore and Andre M. Landry, Jr.
Texas A&M University at Galveston, Galveston, Tx

Texas A&M at Galveston under contract to the Mitchell Development Corporation of the Southwest
has monitored water quality in Galveston Bay's Eckert Bayou watershed since 1990. Completion
of canals to expand the original Pirate's Cove waterfront housing development into Lafitte's Cove
subdivision in December 1992 required increased remote and in-situ water quality monitoring
efforts. Two stations were utilized, one in a natural marsh adjacent to the existing subdivision and
one in the newly dredged waterfront housing canal. Numerous hydrographic (water temperature,
salinity and dissolved oxygen), biological (total coliform) and chemical parameters (nitrate nitrogen,
total phosphorous and chlorinated hydrocarbons) have been monitored at varying frequencies during
1 June through 15 September of each year since completion of the canals. The potential for impaired
water quality through lawn development and associated nutrient runoff is heightened by continued
waterfront development in this watershed. To date, monitoring efforts show comparable water
quality at both the natural marsh and dredged canal stations. However, increased occurrence of
elevated nutrient levels mandate continued monitoring throughout the development of Lafitte's Cove
subdivision.
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GALVESTON BAY'S DISAPPEARING BIRD ISLANDS

Winifred Burkett, Texas Audubon, Friendswood, TX
Robert Gallaway, Texas Audubon, Bacliff, TX

The colonial waterbirds — pelicans, cormorants, herons, egrets, ibis, spoonbills, terns and gulls — of
coastal Texas nest on islands hi the various bays. Islands provide realtively predator-free locations
close to food sources that the birds feed their young. Historically, there were numerous natural
islands in Galveston Bay that were used as nesting sites by colonial waterbirds. These were
augmented by man-made islands created by the dredging of navigation channels. A number of the
natural and man-made islands have been lost due to the combined impacts of sudsidence, erosion
and sea level rise. Currently all of the bird islands ae eroding rapidly. If Galveston Bay is to
continue to support a healthy colonial waterbird population, creative methods need to be found to
protect the remaining islands in the bay.
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BROWN PELICAN'S RETURN TO GALVESTON BAY

Winifred Burkett, Texas Audubon, Friendswood, TX
Robert Gallaway, Texas Audubon, Bacliff, TX

Brown Pelicans (Pelicanus occidentalis) disappeared from Texas as a breeding bird during the
1950's. The principal causes of the disappearance were beleived to be the pesticides DDT and
dieldrin, and harassment by man. DDT wa outlawed in 1972 but its use had declined substantially
prior to that date. Brown Pelicans returned to Texas as a breeding species in 1973. Adult and
immature pelicans became more abundant over the years but they did not resume breeding in
Galveston Bay until 1991. During the 1998 breeding season 329 pelican nests were counted on
Little Pelican Island in Galveston Bay.
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BIO AVAILABILITY OF COLLOIDAL MATERIALS TO BIVALVES
IN GALVESTON BAY WATERS

Susan Gonzalez, Laodong Guo, Sammy Ray, and Peter Santschi
Texas A & M University at Galveston, 5007 Avenue U, Galveston, TX 77551

Bivalves such as oysters and mussels are important fisheries resources in Galveston Bay. These
bivalves are uniquely capable of concentrating contaminants from large volumes of estuarine waters
that they filter. Therefore, they have been used as pollution indicator organisms in environmental
assessment and monitoring programs by federal agencies for several decades. Thus, it is important
to study the assimilation and bioaccumulation of metals and other pollutants in these bivalves.
Previous studies examined the toxicity and bioavailability of metals to oysters and mussles with
respect to either "dissolved" or particulate forms. However, the traditionally defined "dissolved"
phase contains a considerable portion of colloidal forms, i.e., metals associated with organic
mactomolecules and microparticles. In addition, these fine-size colloids (or submicron particles)
have been found to be abundant in estuarine and marine environments. Due to their abundance in
aquatic environments and their unique physiochemical properties such as high specific surface areas
and high complexing capacities, colloids may play important roles in the assimilation and
accumulation of toxic metals and other pollutants in estuarine bivalves. However, the role of
colloids in metal bioavailability and toxicity to bivavles has never been studied systematically. In
the present study, we used laboratory experiments combined with radiotracer, ultrafiltration and
clean techniques to examine whether the presence of collloidal materials (mainly colloidal organic
matter) alters the bioavailability and toxicity of metals to these estuarine bivalves under different
conditions. Our preliminary results demonstrate that oysters and mussles can indeed filter submicron
particles out of the water during cultural experiments. Thus, "dissolved" toxic metals and other
pollutants, which are mostly associated with colloidal materials in estuarine waters, will also be
ingested by these bivalves. Results on the assimilation and depuraton rates of colloid-associated
with colloidal materials in estuaring waters, will also be ingested by these bivalves. Results on the
assimilation and depuration rates of colloid-associated metals (Hg, Ag, Zn, Cd, Co, Fe, Mn, Ba, and
Se) in oysters and mussels in Galveston Bay from recent experiments will be presented.
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USGS/H-GAC Study to
Characterize Water and Sediment-Quality in Christmas Bay,

Brazoria County, Texas, 1998-1999

The Christmas Bay system is a group of three small secondary bays at the southwestern extreme of
the Trinity-San Jacinto estuarine system in Brazoria County, Texas. The three-bay system, including
Christmas, Bastrop and Drum Bays, lie inland of a barrier island, Follets Island, southwest of West
Bay and San Luis Pass. The three bays are bordered on the west by the 12,199-acre Brazoria
National Wildlife Refuge (BNWR). The Christmas Bay Coastal Preserve is also within the
jurisdiction of the Galveston Bay Estuary Program (GBEP) of the Texas Natural Resource
Conservation Commission (TNRCC). The Christmas Bay system is inhabited by numerous species
of birds, fish, crustaceans, and mollusks. These biota include 7 endangered species of birds and an
endangered species of sea turtle. Numerous flora also occur in the Christmas Bay system including
several species of seagrass that serve as a prime spawning ground for crustaceans and finfish.
Freshwater inflows to Christmas and adjacent bays comes mostly from the Bastrop Bayou watershed
(TNRCC segment 1105) and Salt Bayou within the San Jacinto-Brazos Coastal Basin. Another
hydrodynamic input to the Christmas Bay system is the Gulf Intracoastal Waterway (GIWW). The
GIWW makes a path through BNWR, across the southern part of the Bastrop Bayou watershed and
the Christmas Bay system from southwest to northeast. It is unknown what possible effects may
occur in Christmas Bay as these watersheds develop. Previous water-resource investigations of the
area have been only reconnaissance in nature, including a contaminant study of benthic
macroinvertebrates, finfishes and sediments in Christmas Bay. TNRCC collects water-quality and
sediment-contaminant data from each of the bays on a quarterly basis as part of the State's
water-quality monitoring program. TNRCC and GBEP have indicated a need for baseline
water-quality and sediment-quality information and updated maps of seagrasses in Christmas Bay.

The overall goal of the current USGS/H-GAC study is to develop an improved understanding of
water-quality and hydrologic conditions of the Christmas Bay system and to provide baseline
environmental information in this ecologically sensitive bay system. The study is directed towards
the collection of a selected spectrum of baseline data, including information on water-quality and
hydrologic conditions, during a 12 month period. These data include seagrass bed locations, and
selected water-quality and sediment-quality parameters and constituents, as well as data that will be
used to define meteorological conditions and the hydrodynamics of the estuarine system.
Water-quality samples will be collected at six locations, sediment-quality samples will be collected
at three locations, and meteorological data will be collected at one location. In addition, discharge
measurements will be made at six locations. A project work plan which contains a-comprehensive
Quality Assurance Project Plan (QAPP) that meets H-GAC and TNRCC specifications, will be
prepared and available before data collection activities begin. In general, quality assurance / quality
control will be carried out in two phases encompassing both laboratory and field procedures.

Characterization of the data will be performed through graphical and statistical methods. Upon
completion of the study, a U.S. Geological Survey Fact Sheet will be prepared to present a summary
of project data and interpretations of these data. Geographic Information System (GIS) coverages
of project data will be prepared and archived. Additionally, all data collected and compiled for the
study will be formatted and made available on an appropriate electronic media as well as from the
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Internet. In particular, water-quality data collected at a fixed-station in Christmas Bay will be
provided near real-time through the USGS Home Page throughout the duration of the study.

t*. ,- K
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Development and Construction of a Freshwater Treatment Wetland and an Intertidal
Wetland Adjacent to the Houston Ship Channel.

Quast, W.D.
Chang, C.

Murray, J.L.
Davidson, R.L.

Kovski, J.R.
Williams, G.

Quast, W.D.*1; Chang, C.C.2; Murray, J.L.3; Davidson, R.L.1; Kovski, J.R.2, Williams, G.2. In the
past, extensive shoreline modification and poor water quality in the Houston Ship Channel (HSC)
discouraged utilization of the waterway by aquatic biota. While water quality in the HSC has
improved and some species of finfish and shellfish have returned to the system, habitat suitable for
the growth and development of estuarine biota (intertidal wetlands) is scarce. The purpose of this
project was to construct a system of wetlands that would increase the availability of high quality
intertidal habitat adjacent to the waterway, and improve the quality of a treated effluent stream that
is discharged to the waterway. A 7 hectare wetland with three hydraulic connections to the HSC
was constructed to provide intertidal habitat for fish, shellfish, wading birds and other wildlife. The
constructed wetland consists of intertidal marsh, high marsh, and transitional upland. At a higher
elevation on the same site, a 6.9 hectare freshwater treatment marsh was constructed. The treatment
marsh consists of a series of deep pools and shallow planting shelves along a meandering water-
course. The marsh was primarily designed to reduce ammonia levels in a treated effluent stream.
Shallow grassbeds and open water pools in the marsh will also provide high quality habitat for birds
and terrestrial wildlife. When fully developed, this wetland system will provide habitat and
sustenance for wildlife in the HSC, where high quality habitat is rare, and will further improve the
quality of an effluent stream discharged to the waterway.

1 Benchmark Ecological Services, Inc.; 2 Radian International LLC; 3 Agrifos Fertilizer L.P.
(formerly Mobil Mining and Minerals Company).
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Restoration of Intertidal Wetlands Along the 1-45 Corridor - Galveston, Texas.

Robert Nation, Senior Wetlands Scientist, ENTRIX, Inc., Houston, TX, and
Evangeline L. Whorton, Chairperson - Scenic Galveston, Galveston, TX.

Scenic Galveston, in cooperation with ENTRIX, Inc. of Houston, Texas is currently
reclaiming, restoring, and enhancing severely degraded acreage associated with an
above-ground earthen-levee dredge material containment area and two subtidal borrow
pits along the 1-45 corridor immediately north of the Galveston Causeway. The
objective of the proposed project is to reduce the landfill and associated access roads to
an elevation suitable for the planting and successful propagation of smooth cordgrass,
Spartina alterniflora, and reclaim as much additional land as possible for smooth
cordgrass planting through the partial filling of the borrow pits with landfill materials.
The restoration of these wetlands is one part of a three-phase project, initiated in 1993,
to permanently acquire and protect almost 900 acres of wetland habitat for migratory
waterfowl and other wetland-dependent species, including threatened and endangered
species. In addition to the creation of highly productive estuarial wetland habitat, this
restoration will greatly enhance the aesthetic qualities of the approach to Galveston
Island by removing a development eyesore.
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EFFECTS OF BIVALVE FEEDING ON THE BIOMASS AND COMPOSITION OF
NATURAL MARINE PLAKTON COMMUNITIES

•

Kristina Faulk

In large shallow estuaries with relatively high water residence times, such as Galveston Bay,
macrobenthic filter feeders, especially bivalve mollusks, are estimated to play a major role in
phytoplankton herbivory. Little is known about bivalve feeding selectively on natural plankton
populations and its effect on plankton community structure. During September and October 1998,
oysters Crassostrea virginica and mussels Ishadium recurvum were isolated independently in test
chambers and the plankton community was examined in both inflow and outflow water. The
plankton samples taken before and after exposure to bivalve feeding activity were then tested for
differences in plankton concentrations and composition.
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AN EXAMINATION OF BOTTLENOSE DOLPHINS (TURSIOPS TRUNCATUS) IN
THE GULF OF MEXICO USING MORPHOMETRICS AND HEMOGLOBIN

PROFILES: A COMPARISON OF TECHNIQUES

Turner, J. S., University of Houston Clear Lake, Houston, Texas

Turner, J. P., Texas A&M University - Galveston, Galveston, Texas

Lester, L. J., University of Houston Clear Lake, Houston, Texas

Worthy, G. A. J., Texas A&M University - Galveston, Galveston, Texas

Bottlenose dolphin, Turstops truncatus, populations are at risk in the Gulf of Mexico from die-
off or mortality events, and possible permitting to remove animals for marine parks and fisheries
interactions. Management of Turslops in the Gulf of Mexico is complicated due to discrepancies
in the taxonomy of the genus. The most widely accepted taxonomic classification is that of a
single species, Tursiops truncatus, though up to four other species appear in the literature.
Several techniques, including cranial morphometry, hemoglobin electrophoretic profiles, and
mitochondrial DNA (mtDNA) restriction fragment length polymorphisms (RFLP) and
sequencing, have been used to distinguish possible species and subspecies differentiation.

A total of 212 skulls of stranded bottlenose dolphins were examined to assess geographical
variation of morphological characters. Thirty-five cranial measurements were examined along
with age, sex, standard length, skull maturity, and geographic location of stranding. A group of
Atlantic offshore (n=13) and Pacific animals (n=9) were used as outgroups, due to their genetic
similarity to offshore animals from the Gulf of Mexico. A group of three Gulf of Mexico
dolphins was found within the sample ellipse of the Atlantic offshore and Pacific animals during
statistical analysis, while the rest of the Gulf animals were grouped with known inshore animals.

Hemoglobin profiles of a subset of the Gulf of Mexico animals (n=50) used in the morphometric
study were examined to compare the results of the two techniques. Hemoglobin results for
Atlantic Tursiops detected two electrophoretic phenotypes, which are reported to distinguish
inshore form offshore stocks. In samples from the Gulf of Mexico, three electrophoretic
phenotypes have been detected. The relationship between electrophoretic and morphometric
phenotypes will be discussed.

Further analysis will attempt to compare the results of the present study with that of a mtDNA D-
loop assessment of the same subset of animals.



OYSTER GROWTH ON AN ARTIFICIAL SUBSTRATE

Tavia L. Clark
Texas A&M University

Galveston, Texas

In Phase I of, "Oyster Growth on an Artificial Substrate" it was found that there were a sufficient
amount of oysters growing on a Galveston Bay coal ash reef available for commercial harvest. The
reef was bulk with coal combustion by-product pellets (CCB). CCB material is the ash reminisce
left after burning coal combustion by-product pellets (CCB). CCB material is the ash reminisce left
after burning coal for electricity. The reef was divided in to three sections: North, Central, and
South. Thirty pellet samples of each section were measured to determine a sectional average oyster
size. Pellet samples consisted of a randomly selected coal ash pellets with live oysters attached to
them. It was my hope that an average size would show the success of oyster growth reef. A
successful reef would be able to sustain population levels during periods of commercial harvest.
Phase I revealed the existence of oysters, but not trends of growth or population.

Phase II was conducted with an almost identical procedure. The differences between the two studies
were, the length of the collection period and the way in which the data was analyzed and presented.
In analyzing each sections sample individually it was determined that each section exhibited similar
growth trends. A noticeable growth pattern enabled the data to be combined from each section every
month; thus having ninety pellet samples rather than a thirty pellet samples each month. Through
analyzing the data in this manner monthly growth trends were determined. Finding and predicting
growth trends are important for population control. In the future these trends could be used to
regulate and control harvesting of the coal ash reef.
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