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INTRODUCTION  

The stakeholder-led Galveston Bay Estuary Program (GBEP) of the Texas Commission on 

Environmental Quality (TCEQ), formerly the Galveston Bay National Estuary Program, was established 

in 1989 to develop a comprehensive conservation management plan (CCMP) for the Galveston Bay 

Ecosystem. The CCMP for the Galveston Bay area is called The Galveston Bay Plan (The 

Plan)(GBNEP 1994). The principle function of The Plan is to leverage resources--funding and 

expertise--for more efficient resource management. The Plan outlines a series of goals and links a set of 

specific initiatives to the identified priority issues for Galveston Bay. 

For more than 40 years federal, state and local agencies and organizations have monitored the health of 

Galveston Bay. Databases describing the bayôs water and sediment quality, living resources, fisheries 

landings and seafood safety are just a few of the many that exist. The intention of this project is to apply 

these data to the management issues raised in the Plan regarding the health and integrity of the bay. 

THE PROJECT GOAL 

The goal of the Galveston Bay Status and Trends Project is to compile, manage, analyze, and 

disseminate monitoring and environmental impact data collected by organizations with quality assurance 

procedures and long-term records of or a commitment to monitoring and managing Galveston Bay 

resources.  

The Galveston Bay Estuary is located in Southeast Texas adjacent to the Houston-Galveston metroplex. 

The shores of the bay are bordered by urban, industrial and agricultural land uses. Bay waters support 

productive commercial and recreational fishing industries, industrial and municipal water uses, shipping, 

and recreational activities. The use of bay resources depends upon and reciprocally impacts the 

functional health of the bay ecosystem. It is, therefore, important to regularly assess indicators 

describing the current state of and historical trends in bay health and resource use. It is also important 

for the resulting information to be available in a form usable to resource managers and the public.  

Data are obtained, quality assured, and processed into standardized formats and stored in secure 

databases. Data are analyzed to update established indicators of bay health according to priorities set by 

the relevant GBC subcommittees with approval of the GBC; and analytical results will be disseminated 

to the GBEP, GBC, GBC subcommittees, other stakeholders and the public via the project website, 

presentations, and GBEP outreach materials.  

This final report outlines the methodologies and results of the FY 2007-2008 project Status and Trends 

Project. In Year 1, many of the databases were updated and several analyses were completed. The work 

was continued in Year 2 with the update of databases for which updates were not available in 2007 and 

the completion of all data analyses and public outreach and education products outlined in the project 

work plan. 
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PROJECT BACKGROUND 

With guidance from GBEP staff, the 41-member Galveston Bay Council (GBC) and the GBC 

Monitoring and Research Subcommittee, the Galveston Bay Status and Trends Project utilizes historical 

and recent data describing Galveston Bay, collected by a number of federal, state and local agencies and 

organizations. The Status and Trends Project acquires, manages and analyzes these data. Ultimately the 

Status and Trends Project makes the results of the data analyses available to the public in summary form 

through a final report and issue-oriented web pages residing on the Status and Trends data website 

(www.galvbaydata.org).  

The GBEP originally compiled the relevant data related to the environmental management of Galveston 

Bay in the early 1990ôs. These data sets were interpreted, but not maintained for future management 

decisions. A decision was made in 2000 to repeat the compilation process and to maintain the data in a 

clearinghouse. Since the 2000 Status and Trends Project, the GBEP and the GBC have recognized the 

value in maintaining the Status and Trends database. This project will continue that work. As in the past, 

data will be analyzed to make judgments on the status and trends of resources and processes forming the 

Galveston Bay system and Lower Galveston Bay Watershed . Data quality objectives are established in 

consultation with the agencies that provide the data sets and the GBC subcommittees that provide 

priorities for the Status and Trends Project.  

The website and final report are organized according to issue or data type (water quality, fisheries 

resources, seafood safety, etc.). Contributing agency programs, their quality assurance procedures, the 

parameters for which values are obtained, and associated metadata are described as they are made 

available. Summaries of data by month, year and sampling area are maintained and recorded in Status 

and Trends Project documentation. All statistical programs used to produce output submitted to the 

GBEP project manager are documented as well as the form and content of the output.  

Records produced by this project consist of databases in multiple stages of quality beginning with the 

raw data acquired from the cooperating agencies and progressing through stages of compilation and 

purging of data that cannot be properly qualified or validated. The raw data consist of all data contained 

in the data archives of the cooperating agencies and collected within the spatial domain of Galveston 

Bay and its watershed. Progress reports on data processing and analysis are submitted quarterly. 

This project does not perform any sampling. Sampling process design is the responsibility of the 

agencies collecting the data. All of the data employed in this project are non-direct in that they are 

obtained from the agencies that conducted the direct measurements. The entire project is limited by the 

data collected and stored in databases maintained independently by resource agencies.  

Data quality is an issue that is always addressed. As stated above, quality assurance procedures 

employed by the agencies are described. All data are accepted from agency sources, but are subject to a 

validation process. The intention is to apply historical data to the management issues raised in The Plan 

http://trendstat.harc.edu/


2008 Status and Trends Final Report  Page 10 

regarding the health and integrity of the bay. If data are validated and agency quality assurance 

procedures are noted, the only limitations on use of the data are set by the sampling requirements of the 

various statistical tests and procedures.   

This project is built upon the use of computing and electronic communication resources for the transfer, 

processing and maintenance of the data. Multiple data servers (for GIS data and applications, for project 

data files, and for website products and associated backend databases) with dual processors and high 

capacity, redundant hard drives are dedicated to this project. All of the computing resource components 

are part of the Geotechnology Research Institute (GTRI), herein referred to as Houston Advanced 

Research Center (HARC), computing network. HARC employs security software and security protocols 

to protect data from virus infection and tampering by unauthorized users. The HARC network and the 

Status and Trends servers administer user rights using password protection to limit access to the data 

files. The data servers are equipped with a tape backup and an archival system to provide additional 

security. The servers also have emergency power supplies. 

 

PROJECT METHODOLOGY  

DATA COLLECTION 

The Galveston Bay Status and Trends Project compiles, manages and analyzes monitoring and 

environmental impact data collected by organizations with quality assurance procedures and a long-term 

commitment to monitoring and managing the natural resources of Galveston Bay. To date, the Galveston 

Bay Status and Trends Project maintains more than 50 databases from 25 agencies and organizations. 

The databases characterize the Lower Galveston Bay Watershed by describing water and sediment 

quality, living resources, habitat quantity, seafood safety, freshwater inflows, and human uses of 

resources such as shipping, recreational boating, and commercial and recreational fishing.  

The period of record for each data set varies. Some contain recent data that date back to the late 1990s 

while others date back to the early 1920s. The variability in the period of record is due to multiple 

factors including but not limited to 1) the length of time a monitoring program has been in existence and 

2) the ability of agencies to quality-assure older monitoring data. The Status and Trends Project strives 

to maintain the most recent versions of data; updating each database annually or as they are made 

available by the source agency.  

Many of the data sets acquired by the Status and Trends Project have a spatial coverage that is much 

larger than the spatial scope of this project. For the purpose of this project, data are limited to monitoring 

stations located within the Lower Galveston Bay Watershed as defined by the Galveston Bay 

Segmentation Scheme originally developed for the Galveston Bay National Estuary Program in 1992 

(Jones & Neuse 1992) and modified by the Status and Trends Project in 2003 (see Figure 1). When 

sampling station spatial coordinates are available from the source agency, datasets are spatially joined 
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with the GBEP segmentation and grouped for analysis according to the following subbays and 

tributaries: 

Subbays:  

1. Christmas Bay Complex 

2. East Bay 

3. Trinity Bay 

4. Upper and Lower Galveston Bay 

5. West Bay 

 

Tributaries:  

1. Armand Bayou 

2. Bastrop Bayou 

3. Buffalo Bayou 

4. Cedar Bayou 

5. Chocolate Bayou/Bay 

6. Clear Creek/Lake 

7. Dickinson Bayou/Dickinson Bay 

8. East Intracoastal Waterway 

9. Galveston Channel 

10. Houston Ship Channel 

11. Oyster Bayou 

12. San Jacinto River 

13. Texas City Channel 

14. Trinity River 

 

If spatial coordinates are not available from the source agency, then the data are aggregated by the 

smallest spatial unit possible, typically at the county level. Five counties are considered to lie within the 

Lower Galveston Bay Watershed (Brazoria, Chambers, Galveston, Harris, and Liberty). 
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Figure 1. Tributaries and subbays of Galveston Bay per the Galveston Bay Segmentation Scheme as 

modified by the Status and Trends Project in 2003. 
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All databases managed by the Status and Trends Project are processed according to methodologies 

detailed in a Quality Assurance Project Plan (QAPP) (see Figure 2) approved by the Texas Commission 

on Environmental Quality (TCEQ).  

Figure 2. Data acquisition and processing methodology for data acquired by the Galveston Bay Status 
and Trends Project. 

 

DATABASE MAINTENANCE AND STORAGE 

The Status and Trends Project is built upon the use of computing and electronic communications 

resources for the transfer, processing and maintenance of data. All project computing resources are 

housed at HARC and maintained by HARC staff. Project staff coordinate with the HARC Information 

Technology (IT) Department to ensure that server and network maintenance minimally interferes with 

project computing, storage, and network/website connectivity needs. As required by the QAPP, all data 

are backed up to other server locations, tape backup, and external hard disk on a periodic basis. Tape 
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backups and an external hard drive are stored off-site to prevent against catastrophic loss of data. Data 

are also backed up prior to any server or network maintenance.  

Multiple servers (data, mapping, and web servers) with dual processors and high capacity hard drives in 

a RAID 5 array are dedicated to this project. All of the other computing resource components are 

employed as part of the HARC computing network. HARC employs security systems and software to 

protect the data from virus infection and tampering by unauthorized users. The HARC IT Department 

and the Status and Trends staff work together to administer user rights by means of password protection 

to limit access to the projectôs data files. The data servers are equipped with tape backup and an archival 

system to provide additional security. The data server also has an emergency power supply. 

The project uses Microsoft software packages for processing and maintaining the data: Microsoft (MS) 

SQL Server, MS Access and Excel. ESRI ArcGIS is used to produce maps and spatial analysis products. 

S-Plus and Analyse-It are used to perform statistical analyses. MS Access and SQL Server are used as 

the database maintenance software packages. Web products are created using .HTML, .ASP, and .NET.  

All data accepted from agency sources undergo a validation process prior to data analyses and 

placement on Status and Trends website (see Figure 2). Raw agency data and processed data are stored 

in separate locations on the server. 

Volunteer monitoring data are acquired, stored, and analyzed separately from agency monitoring data. 

The volunteer monitoring data are held on the same server, but in a database separate from agency 

monitoring data. The two types of data are not combined. 

QUALITY ASSURANCE 

All data acquired by the Status and Trends Project in FY 2008 are managed under an updated Quality 

Assurance Project Plan (QAPP) approved by the Texas Commission on Environmental Quality in 

February 2008. The QAPP designates the data processing methodologies, data storage and backup 

requirements, data quality objectives, and data validation and verification requirements. 

Upon receipt of data from the source agency/organization, the Status and Trends Project reviews data for 

duplicate records, missing data and metadata, incorrect spatial coordinates, and outlier values. These 

data quality steps are integral in ensuring the validity of the data, the analyses and the information 

products that they support. All databases updated in FY 2008 have been reviewed for the data errors 

mentioned above.  

Numerous data comparisons are made throughout the data management and analysis process. After the 

initial conversion to a database format used by the Status and Trends Project, the newly processed data 

are compared to the raw data from the source agency to ensure that no processing errors occurred. If 

errors are found then the initial processing step is repeated. The source agency is contacted if the error is 

found to be in the raw data. In those instances a new version of the data is requested from the source 

agency. Additional comparisons are made between the new dataset and previous versions from prior 
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Status and Trends Project years. If large changes in sample sizes or analytical results are seen, then the 

data are reviewed to ensure that no errors were introduced. All databases updated in FY 2008 have been 

reviewed for data processing errors. 

Duplicate and Missing Records 

Records that are identified as duplicates are removed from analyses as are records with incomplete 

metadata (e.g. date and location). In some instances it may be determined that a large number of records 

are missing from a dataset (such as an entire geographic area). The missing data are requested from the 

source agency. If they are not available, then the dataset is not used for analyses. 

Incorrect Geospatial Coordinates 

All geospatial coordinates are reviewed. Those that are incorrect (latitude/longitude does not match the 

physical location description of the sampling site) are corrected when possible. If the coordinates cannot 

be corrected, then the data records are removed from analyses  

Outliers 

In some databases, such as those describing water and sediment quality, data records are identified by 

the source agency as being below or above an acceptable range of values. The Status and Trends Project 

typically identifies a value as an outlier if it is greater than two orders of magnitude above or below the 

maximum or minimum acceptable value. This is modified in some locales and for some parameters such 

as bacteria in surface waters where extremely high concentrations are commonly observed. Identified 

outliers are removed from analyses and the source agency is notified. 

The introduction of errors and loss of data are managed through procedures for record keeping and 

auditing. Documentation (using MS InfoPath) describes changes made by project personnel and the time 

at which the changes were made. Each time a file is changed it is saved in a new version and the old 

version is archived. New file names and locations are recorded in the database documentation. Files are 

archived when data updates are received from the source agency and the data processing cycle starts 

over. Periodic comparisons between recent and early versions are made to detect problems. 

 

PROJECT RESULTS: DAT A ANALYSIS  

WATER & SEDIMENT QUALITY  

The Texas Commission on Environmental Quality (TCEQ) maintains a Surface Water Quality 

Monitoring (SWQM) database which contains data describing physical, chemical, and biological 

characteristics of surface waters and sediment in water bodies throughout the state of Texas. This 

database is one of the largest databases updated and maintained by the Status and Trends Project. The 
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TCEQ uses these data to form the basis of the Texas 305(b) Inventory, Texas 303(d) List of Impaired 

Waters, Total Maximum Daily Load (TMDL) studies, and other regulatory and non-regulatory policies.  

The Status and Trends Project downloaded the data set for the coastal and river basins of the Lower 

Galveston Bay watershed (Neches-Trinity Coastal Basin, Trinity River Basin, Trinity-San Jacinto 

Coastal Basin, San Jacinto River Basin, San Jacinto-Brazos Coastal Basin, Brazos River Basin, and 

Bays and Estuaries) from the TCEQ website 

(http://www.tceq.state.tx.us/compliance/monitoring/crp/data/samplequery.html). Metadata are posted 

online by the TCEQ (TCEQ 2007). The Status and Trends Project downloads data for the coastal and 

river basins listed in Table 1. 

Table 1. River and coastal basins for which Galveston Bay data are downloaded from the TCEQ Surface 
Water Quality Monitoring (SWQM) database. 

TCEQ Basin 

Number
TCEQ Basin Name

7 Neches-Trinity Coastal Basin

8 Trinity River Basin

9 Trinity-San Jacinto Coastal Basin

10 San Jacinto River Basin

11 San Jacinto-Brazos Coastal Basin

12 Brazos River Basin

24 Bays and Estuaries

25 Gulf of Mexico  

Data are also collected by the TCEQ through the Clean Rivers Program (CRP). Locally, the CRP is 

administered by the Houston-Galveston Area Council (H-GAC). It coordinates the local monitoring 

efforts of government entities including the Environmental Institute of Houston at the University of 

Houston-Clear Lake, Harris County Public Health & Environmental Services, City of Houston Health & 

Human Services, City of Houston Water Quality Control, City of Pearland Public Works, and the San 

Jacinto River Authority. The CRP data set is combined with the SWQM dataset and any duplicate 

values are removed. 

The data are managed under the Status and Trend Projectôs Quality Assurance Project Plan (QAPP). For the 

purpose of conducting analyses, data are filtered by depth of sample, time of day (dissolved oxygen only), 

detection limits (below detection limit), and minimum number of samples. Samples reported by the TCEQ 

as being below the detection limit are reported as one half of the reported concentration and are included in 

the data analysis. Data are grouped spatially by subbay and tributary according to the Galveston Bay 

Segmentation Scheme shown in Figure 1.  

The TCEQ water and sediment quality data set for Galveston Bay  includes 2,733 specific parameters 

(storet codes) relating to water and sediment quality. The complete TCEQ Galveston Bay data set 

includes samples collected from April 1968 through July 2008 (814,233 records).  

http://www.tceq.state.tx.us/compliance/monitoring/crp/data/samplequery.html
http://www.h-gac.com/home/
http://www.uhcl.edu/portal/page/portal/EIH/
http://www.hcphes.org/
http://www.houstontx.gov/health/
http://www.houstontx.gov/health/
http://www.houstontx.gov/health/Environmental/phepage.html
http://www.cityofpearland.com/
http://www.sjra.net/
http://www.sjra.net/
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For analyses, the Galveston Bay Status and Trends Project filter the data spatially (according to the 

GBEP Segmentation Scheme; Figure 1) and by storet code. Storet codes are chosen for analysis if they: 

1) have an adequate number of samples, 2) have a long-term monitoring record, and 3) are related to 

Galveston Bay management issues identified by the Galveston Bay Council.  

UPDATE OF WATER QUALITY INDICATORS 

PATHOGENS 

The Galveston Bay Status and Trends Project tracks three indicators of bacterial pathogens (fecal 

coliform bacteria, E. coli in freshwater, and Enterococci in saltwater). The presence of fecal coliform 

bacteria, E. coli, or Enterococci suggests that potentially dangerous pathogens could be present. Many of 

the sampling stations used to assess bacterial pathogen concentrations are located in urbanized 

tributaries of the bay. High bacterial concentrations are typically associated with slow flowing bayous in 

summer months when high temperatures support the growth of the bacteria. Water samples taken from 

open bay waters show substantially lower bacteria concentrations.  

Concentrations of fecal coliform indicator bacteria in Galveston Bay surface waters are compared to 

screening levels (see Table 2) established by the TCEQ for contact recreation (e.g. swimming) (TCEQ 

2004). Major subbays and tributaries of the bay are rated based on the percentage of samples exceeding 

the TCEQ screening limit in a given area in a given decade This methodology was applied to indicator 

bacteria data collected in the Lower Galveston Bay watershed from 1970-2008 by the TCEQ and the 

Texas Department of State Health Services (per the DSHS Bacteriological Monitoring Program).  

Table 2. TCEQ screening levels for nutrients in surface waters of tributaries (tidal stream screening 
levels) and subbays (estuarine screening levels). 

 

Pathogen 
TCEQ Screening Level 

for Freshwater 
TCEQ Screening Level for 

Saltwater 

Fecal coliform 400 colonies / 100 mL 400 colonies / 100 mL 

E. coli 394 MPN / 100 mL na 

Enterococci na 89 MPN / 100 mL 

 

As seen in Figure 3, all five subbays are currently rated ñGoodò with nine percent or less of the samples 

exceeding the TCEQ bacteria screening levels. Christmas Bay is no longer rated ñvery goodò as it was in 

the 1970s.  Six Galveston Bay tributaries are rated ñpoorò for bacterial contamination. They include: 

Buffalo Bayou, the Houston Ship Channel, Clear Creek, Armand Bayou, Dickinson Bayou/Bay, and 

Cedar Bayou. Of those tributaries, Buffalo Bayou had 85 percent of samples exceeding TCEQ bacteria 

screening levels. Five additional bay tributaries currently rate ñmoderateò. They are Bastrop Bayou, 

Chocolate Bayou/Bay, the East Intracoastal Waterway, Oyster Bayou, and the San Jacinto River. The 

Galveston Channel, Texas City Channel, and Trinity River rate ñgoodò for bacterial concentrations.  
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Figure 3. Bacterial pathogen indicator and rating system. 

 

NUTRIENTS 

Analyses by the Galveston Bay Status and Trends Project in 2007-08 compared concentrations of 

nutrients and chlorophyll-a in Galveston Bay surface waters to screening levels established by the 

TCEQ.  Major subbays and tributaries of the bay were rated based on the percentage of samples 

exceeding TCEQ screening limits ( 

Table 3) in a given area in a given decade.  The methodology describing the development of this 

indicator is available in the Galveston Bay Indicators Final Report (Lester and Gonzalez 2005). 
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Table 3. Selected State Water Quality Criteria used in development of nutrient indicator. Source: 
(TCEQ 2004) 

 

Nutrient Parameter 
Tidal Stream 

Screening Level 
Estuarine 

Screening Level 

Ammonia 0.58 mg/L 0.10 mg/L 

Chlorophyll-a 19.2 ug/L 11.5 ug/L 

Nitrate-nitrite 1.83 mg/L 0.26 mg/L 

Total phosphorus 0.71 mg/L 0.22 mg/L 

Dissolved Oxygen 2.0 mg/L 2.0 mg/L 

 

As seen in Figure 4, many areas of the bay have experienced a decline overall nutrient concentrations 

since the 1970s. Three of the five subbays (Christmas Bay, West Bay, and East Bay) are currently rated 

ñGoodò with nine percent or less of the samples exceeding the TCEQ nutrient screening levels. Upper 

and Lower Galveston Bay and Trinity Bay are rated as moderate with 25 percent and 17 percent of 

samples exceeding screening levels, respectively. Armand Bayou and Buffalo Bayou rate moderate with 

22 percent and 25 percent of samples exceeding screening levels, respectively. Four bayous (Oyster 

Bayou, Clear Creek, the Houston Ship Channel, and Cedar Bayou) rate as good. Bastrop Bayou, 

Chocolate Bayou/Bay, the Galveston Channel, the Texas City Channel, the East Intracoastal Waterway, 

Dickinson Bayou/Bay, and the San Jacinto River rate very good. No subbays or tributaries rate as poor.  
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Figure 4. Indicator describing the state of nutrients (ammonia, nitrate-nitrite, total phosphorus) and 
chlorophyll-a from the 1970s through 2000s. 

 

UPDATE OF SEDIMENT QUALITY INDICATORS  

The Galveston Bay Indicators Project (Lester and Gonzalez 2005) developed a methodology comparing 

concentrations of inorganic and organic compounds in Galveston Bay sediments to probable effect 

levels (PELs) established by the NOAA (TCEQ 2004). PELs are benchmarks used by federal and state 

agencies to assess sediment quality. Contaminants with concentrations exceeding designated PELs have 

an increased probability of having adverse effects on aquatic organisms.  Major subbays and tributaries 

of the bay were rated based on the percentage of sediment samples exceeding Marine PELs in a given 

decade. 

The TCEQ Surface Water Quality Monitoring (SWQM) database serves as the source database for the 

update of the toxics in sediments indicator. Sediment samples were collected by the TCEQ from 1973-

2007. Samples reported by the TCEQ as being below the detection limit are reported as zeros and were 
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included in the data analysis. Selected parameters included nine metals, four organic pesticides, and 13 

industrial organic compounds. 

To facilitate comparison to Marine PELs (see Appendix C), records were grouped by major subbay or 

tributary according to the GBEP segmentation scheme (Lester and Gonzalez, 2004). The percentage of 

samples exceeding PELs was calculated in the following manner: for each contaminant, by 

tributary/subbay and decade, the total number of samples exceeding PELs was summed and divided by 

the total number of samples. As seen in Figure 5, the percentage of samples exceeding PELs was 

converted into a color-coded rating system. This rating system is applied to the three contaminants-in-

sediment indicators. Note that due to the toxic nature of the contaminants, the rating system for this 

indicator is more stringent than the rating system for nutrients in surface waters. 

METALS  

While gaps in the sediment data record are greater than those in surface waters, the data show that West 

Bay, Upper and Lower Galveston Bay, Trinity Bay and East Bay exhibit very good sediment quality 

(Figure 5). Christmas Bay scored "Good" overall. The majority of metals in sediment problems occur in 

the Houston Ship Channel; this is not surprising since the Houston Ship Channel is the industrial center 

of the Texas Gulf Coast.  

Nine metals in sediment of the Houston Ship Channel are detailed in Figure 5. Lead contamination in 

sediments has improved over the last thirty years (Figure 6) with annual averages typically remaining 

below the PEL. Mercury concentrations in sediments appear to be on the rise compared to 

concentrations from 30 years ago (Figure 7). Zinc concentrations in sediments of the Houston Ship 

continue to be high; the reason for this is unknown.  
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Figure 5. Heavy metals in sediment 1970s vs. 2000s as a proportion of Marine Probable Effects Levels 
(PELs) published by the TCEQ (2004). Empty circle = Insufficient sample size (< 12 samples). 
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Figure 6. Annual average concentrations of lead in sediments of the Houston Ship Channel, 1973-2008. 

 

 

Figure 7. Annual average concentrations of mercury in sediments of the Houston Ship Channel, 1973-
2008. 
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ORGANICS 

Given the current seafood consumption advisories in Galveston Bay for persistent and legacy pollutants 

(see Figure 34), it is important that the indicators for organic contaminants in sediment be updated. 

Concentrations of compounds from three classes of organic contaminants were compared to Marine 

PELs. For industrial organics, concentrations of polychlorinated biphenyls (PCBs) were analyzed. Semi-

volatile organics consisted of 12 polycyclic aromatic hydrocarbons (PAHs) while the class of organic 

pesticides contained four compounds (see Figure 8). 

 

 

Figure 8. Organic pollutants in sediment 1970s vs. 2000s as a proportion of Marine Probable Effects 
Levels (PELs) published by the TCEQ (2004). Empty circle = Insufficient sample size (< 12 samples). 
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As seen in Figure 8, the Houston Ship Channel rates poor for Industrial organics with 35 percent PCB 

concentrations exceeding the Marine PEL. The Houston Ship Channel also rates poor for semivolatile 

organics with 34 percent PAH concentrations exceeding the Marine PEL. Most areas of the bay rated 

good or very good for organic pesticides in sediment. West Bay was the exception. However, the rating 

of moderate is based on two samples out of sixteen (13 percent) exceeding the Marine PEL. 

TRENDS IN WATER QUALITY  

CONVENTIONAL PARAMETERS 

Data were analyzed for four conventional surface water quality parameters: water temperature, salinity, 

pH, and dissolved oxygen (samples collected between 5:00 and 10:00 a.m. only). Data were obtained 

from the TCEQ Surface Water Quality Monitoring Program, TCEQ Texas Clean Rivers Program and 

the Texas Parks and Wildlife Department (TPWD) Coastal Fisheries databases. Data were checked for 

outliers using SPSS Statistical software, version 16.0.  

WATER TEMPERATURE 

Water temperature is an important parameter. Many organisms use water temperature as a cue for 

spawning and migration between the open waters of the Gulf of Mexico and nursery grounds of 

nearshore bays and estuaries. Temperature can also influence the metabolic rate of an organism and the 

extent to which parasites and disease affect host organisms (e.g. impacts of Vibrio vulnificus and Dermo 

on Eastern oysters). Water temperature can further affect physical and biological parameters including 

saturation of dissolved oxygen, chemical oxygen demand (COD), rate of aquatic plant photosynthesis, 

and the sensitivity of organisms to toxic substances.  

Water temperature data were obtained from the TCEQ Surface Water Quality Monitoring Program, 

TCEQ Texas Clean Rivers Program and the Texas Parks and Wildlife Department (TPWD) Coastal 

Fisheries database. Data were checked for outliers using SPSS Statistical software, version 16.0. 

Together, the databases contained 77,299  total records. Of those, 39 records with null temperature 

values were removed. Eight outliers were identified and removed (two negative temperature values and 

six temperatures above 84°, these were likely incorrectly recorded as ° Fahrenheit). The final record 

count was 77,252 records. The period of record for the data was 1968-2008. However, the years 1968-

1971 and 2008 were omitted from the trend analysis due to a low number of samples compared to other 

years.  

Figure 9 and Figure 10 show trend graphs describing annual average water temperature ( R
2
 Ó 0.25 

considered significant ). The graphs also contain a secondary y-axis showing annual sample number. 

Figure 9 depicts annual average water temperature from all stations at sample depths less than or equal 

to 0.3 meters (m).  Figure 10 depicts annual average water temperature from all stations at sample 

depths greater than 0.3 m. Based on data from 1972-2007, there are no trends in annual average water 

temperature.   
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Figure 9. Annual average water temperature (°Celsius) in Galveston Bay from 1972 to 2007; includes 
ŀƭƭ ǎǘŀǘƛƻƴǎΤ ŘŜǇǘƘ Җ лΦо ƳŜǘŜǊǎΦ 

 

Figure 10. Annual average water temperature (°Celsius) in Galveston Bay from 1972 to 2007; includes 
all stations; depth > 0.3 meters. 
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Figure 11 depicts annual average water temperature from subbay stations at sample depths less 

than or equal to 0.3 m.  Figure 12 depicts annual average water temperature from tributary 

stations at sample depths less than or equal to 0.3 m. Based on these data there are no trends in 

annual average water temperature. 

 

 

Figure 11. Annual average water temperature (°Celsius) in Galveston Bay from 1972 to 2007; subbays 
ƻƴƭȅΤ ŘŜǇǘƘ Җ лΦо ƳŜǘŜǊǎΦ 
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Figure 12. Annual average water temperature (°Celsius) in Galveston Bay from 1972 to 2007; 
tributaries only; depǘƘ Җ лΦо ƳŜǘŜǊǎΦ 

 

Table 4 below summarizes average trends in water temperature from samples collected in the five 

subbays of Galveston Bay along with the Trinity and San Jacinto Rivers. No trends in water temperature 

are evident. 

Table 4. Summary of annual average trends in water temperature (°Celsius) for selected areas; sample 
ŘŜǇǘƘ Җ лΦо ƳΣ мфтн-2007. 

Study Area Trend Direction R
2
 Value 

Christmas Bay Complex No Trend 0.00 

East Bay No Trend 0.04 

Trinity Bay No Trend 0.00 

Upper and Lower Galveston Bay No Trend 0.00 

West Bay No Trend 0.00 

Trinity River No Trend 0.00 

San Jacinto River No Trend 0.00 
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SALINITY  

Salinity is a measure of the amount of salts dissolved in water. Galveston Bay exhibits a salinity gradient 

along its length, as freshwater entering the estuary from tributaries (rivers and bayous) mixes with 

seawater moving in from the Gulf of Mexico. Salinity, along with water temperature, is the primary 

factor in determining the stratification of an estuary. When fresh and salt water meet, the two do not 

readily mix. Just as warm water is less dense than cold water, fresh water is less dense than salt water 

and will overlie the wedge of seawater pushing in from the ocean. Storms, tides, and wind, however, can 

thoroughly mix the water and eliminate the layering caused by salinity and temperature differences. 

Salinity levels greatly influence the diversity of plants and animals that live in different areas of the 

estuary. As an example, West Bay typically has higher salinities than Trinity Bay and one would 

therefore expect to see different species assemblages in the two subbays. Salinity also has an effect on 

the extent to which parasites and diseases infect aquatic organisms such as commercially important 

Eastern oysters (Crassostrea virginica). It is for these reasons that freshwater inflow to bays and 

estuaries is such a large issue in coastal areas.  

Salinity has been monitored in the Galveston Bay system by the TCEQ since 1973. However, the bulk 

of the data were collected since the 1980s. Therefore, trends span the time period 1987-2007 (data for 

2008 are not completely reported by the collecting agencies). Samples collected at 0.3 m depth or less 

were analyzed. Salinity is reported in practical salinity unites (psu) which are equivalent to parts per 

thousand (ppt). Salinity data collected by the TPWD Coastal Fisheries Division were quality assured and 

combined with the TCEQ data to increase spatial and temporal coverage. Summary trend information 

for the TCEQ and TPWD data is provided in Table 5 below.  

Table 5. Summary of Annual Trends in SalinityΣ ǎŀƳǇƭŜ ŘŜǇǘƘ Җ лΦо ƳΣ мфут-2007. 

Study Area Trend Direction R
2
 Value 

Christmas Bay Complex Insufficient data 12 years with < 10 samples per year 

East Bay Insufficient data 9 years with < 10 samples per year 

Trinity Bay No Trend 0.01 

Upper and Lower Galveston Bay No Trend 0.04 

West Bay No Trend 0.00 

Trinity River Insufficient data 19 years with < 10 samples per year 

San Jacinto River Insufficient data 12 years with < 10 samples per year 

Clear Creek/Clear Lake Decreasing 0.46 
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A decreasing trend was found in the Clear Creek/Clear Lake with an R
2
 of 0.46 for the years 1988-2007 

(see Figure 13). Clear Creek/Clear lake salinity samples numbered fewer than ten samples per year prior 

to 1988 and were omitted from the trend analysis. Other areas of the bay exhibited either no trends in 

salinity or had insufficient data (less than ten samples per year) to support an annual average.  

 

Figure 13Φ ¢ǊŜƴŘ ƎǊŀǇƘ ƻŦ ŀƴƴǳŀƭ ŀǾŜǊŀƎŜ ǎŀƭƛƴƛǘȅ ƛƴ /ƭŜŀǊ /ǊŜŜƪκ/ƭŜŀǊ [ŀƪŜΣ ǎŀƳǇƭŜ ŘŜǇǘƘǎ Җ лΦо ƳΣ 
sample years 1988-2007. 

On average, the Christmas Bay Complex exhibits the highest salinities overall with annual averages 

approaching 32 psu in dry years. West Bay has the second highest salinities with annual averages near 

29 psu in years with relatively low freshwater inflows. 

Monthly average salinities exhibit a similar trend across all sub-bays and tributaries of Galveston Bay. 

In general, the lowest salinities occur in the months of March, April and May when the spring freshet 

occurs. The highest salinities of the year tend to occur in the drier months of August, September and 

October.  
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PH 

The pH of water is critical to the survival of most aquatic plants and animals. Many species have trouble 

surviving if pH levels drop below 5.0 (acidic conditions) or rise above 9.0 (alkaline conditions). 

Changes in pH can also alter additional aspects of the water's chemistry, usually to the detriment of 

aquatic organisms. Even small shifts in the water's pH can affect the solubility of some metals such as 

iron and copper which can influence aquatic life indirectly. Further, if pH levels are lowered, toxic 

metals in the estuary's sediment can be re-suspended in the water column.  

Although pH generally exhibits low variability in coastal environments due to the high buffering 

capacity of seawater, human activities can cause significant, short-term fluctuations in pH or long-term 

acidification of a freshwater body. For instance, algal blooms initiated by an overload of nutrients cause 

pH to fluctuate dramatically over a period of several hours, greatly stressing local organisms. Acidic 

precipitation in the upper freshwater reaches of an estuary can diminish the survival rate of eggs 

deposited by spawning fish. 

pH data collected by the TCEQ in the lower Galveston Bay watershed from 1973-2007 were analyzed 

(39,044 records). pH is not cvollected by the TPWD Coastal Fisheries Division and were therefor not 

available. Samples collected at all depths and times were analyzed. pH is reported in pH standard units. 

Summary trend information for the TCEQ pH data is provided in Table 6 below. 

Table 6. Summary of Annual Trends in pH, sample deptƘ Җ лΦо ƳΣ мфто-2007. 

Study Area Trend Direction R
2
 Value 

Christmas Bay Complex Insufficient data 26 years with < 10 samples per year 

East Bay Insufficient data 25 years with < 10 samples per year 

Trinity Bay Declining 0.42 (1983,1984,1994 omitted; < 10 samples) 

Upper and Lower Galveston Bay Declining 0.30 

West Bay Declining 0.34 (1973 omitted; < 10 samples) 

Trinity River Insufficient data 22 years with < 10 samples per year 

San Jacinto River Insufficient data 21 years with < 10 samples per year 

Clear Creek/Clear Lake No trend 0.04 (1973 and 1997 omitted; < 10 samples) 

 

As seen in Table 6, of the five subbays, three exhibit significant declining trends (R
2
 Ó 0.25): Trinity 

Bay (R
2 
= 0.42), Upper and Lower Galveston Bay (R

2 
= 0.30), and West Bay (R

2 
= 0.34) (see Figure 14, 

Figure 15,  and Figure 16). The remaining two subbays had insufficient data to make a determination. 

No pH trends were found in the tributaries of Galveston Bay. 
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Figure 14Φ ¢ǊŜƴŘ ƎǊŀǇƘ ƻŦ ŀƴƴǳŀƭ ŀǾŜǊŀƎŜ ǇI ƛƴ ¢Ǌƛƴƛǘȅ .ŀȅΣ ǎŀƳǇƭŜ ŘŜǇǘƘǎ Җ лΦо ƳΣ ǎŀƳǇƭŜ ȅŜŀǊǎ мфто-
2007 (1983,1984,1994 omitted; < 10 samples). 
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Figure 15Φ ¢ǊŜƴŘ ƎǊŀǇƘ ƻŦ ŀƴƴǳŀƭ ŀǾŜǊŀƎŜ ǇI ƛƴ ¦ǇǇŜǊ ŀƴŘ [ƻǿŜǊ DŀƭǾŜǎǘƻƴ .ŀȅΣ ǎŀƳǇƭŜ ŘŜǇǘƘǎ Җ лΦо 
m, sample years 1973-2007. 
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Figure 16. Trend graph of annual average pH in West .ŀȅΣ ǎŀƳǇƭŜ ŘŜǇǘƘǎ Җ лΦо ƳΣ ǎŀƳǇƭŜ ȅŜŀǊǎ мфто-
2007 (1973 omitted; < 10 samples). 

 

Although samples collected from Trinity Bay, Upper and Lower Galveston Bay, and West Bay exhibit 

annual average decline trends, it must be noted that annual average pH in these subbays remains above 

7.0 due to the buffering capacity of seawater. 
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DISSOLVED OXYGEN 

Dissolved Oxygen is one of the most important factors controlling the well-being of estuarine species. 

Oxygen availability to aquatic organisms is complicated by the fact that its solubility in water is 

generally poor and is influenced by many factors including temperature, salinity, and photosynthetic 

activity of aquatic plants (phytoplankton and vascular plants). According to the EPA, most aquatic 

organisms can grow and reproduce unimpaired when dissolved oxygen levels exceed 5 mg/L. When 

levels drop to 3-5 mg/L, living organisms often become stressed. If levels fall below 2 mg/L, a condition 

known as hypoxia will occur, causing mobile species to move elsewhere and resulting in the death of 

immobile species. Another condition known as anoxia, occurs when the water becomes totally depleted 

of oxygen (below 0.5 mg/l) resulting in the death of any organism that requires oxygen for survival. It 

should also be noted that too much dissolved oxygen is not always beneficial. super-saturation 

(dissolved OXYGEN levels above 10 mg/L) is often a sign of eutrophication, or over enrichment, of a 

waterbody. Super-saturation can also occur in areas of great turbulence such as spillways. 

Dissolved oxygen data were obtained from the TCEQ Surface Water Quality Monitoring Program, 

TCEQ Texas Clean Rivers Program and the Texas Parks and Wildlife Department (TPWD) Coastal 

Fisheries database. Dissolved oxygen concentrations in Galveston Bay have been sampled since 1969. 

However, the trends below span the time period 1979-2007. Data collected between 1969 and 1978 were 

omitted from the trend analysis because less than ten samples per year were collected from specific 

subbays and tributaries. In an attempt to limit the effects of photosynthesis and water temperature on 

dissolved oxygen concentrations, samples collected between the hours of 5:00 and 10:00 a.m. at a depth 

of 0.3 meters were analyzed. Dissolved oxygen concentrations were reported in mg/L.  

As seen in Figure 17, overall there was no trend in annual average dissolved oxygen concentrations 

sampled from the tributaries of Galveston Bay (R
2
 = 0.11). However, a declining trend was seen in 

samples collected from the subbays of Galveston Bay (R
2
 = 0.27; Figure 18).  
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Figure 17. Trend graph of annual average dissolved oxygen in Galveston Bay tributaries, samples 
collected from 5:00 - млΥлл !aΣ ŘŜǇǘƘǎ Җ лΦо ƳΣ мфт9-2007 (1969-1978 omitted; < 10 samples). 
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Figure 18. Trend graph of annual average dissolved oxygen in Galveston Bay subbays, samples 
collected from 5:00 - 10:00 AM, deǇǘƘǎ Җ лΦо ƳΣ мфтф-2007 (1969-1978 omitted; < 10 samples). 

 

Table 1Table 7 summarizes the trends in annual average dissolved oxygen concentrations for the five 

subbays of Galveston Bay. No trends were found for Christmas Bay and Upper and Lower Galveston 

Bay. However, declining dissolved oxygen trends were seen in East Bay, Trinity Bay, and West Bay. 

The trend graphs for the three subbays are depicted in Figure 19, Figure 20, and Figure 21. 

Table 7. Summary of annual trends in dissolved oxygen, samples collected from 5:00 - 10:00 AM, 
sample ŘŜǇǘƘ Җ лΦо ƳΣ мфтф-2007. 

Study Area Trend Direction R
2
 Value 

Christmas Bay Complex No Trend 0.08 

East Bay Declining 0.27 

Trinity Bay Declining 0.54 

Upper and Lower Galveston Bay No Trend 0.10 

West Bay Declining 0.37 
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Figure 19. Trend graph of annual average dissolved oxygen in East Bay, samples collected from        
5:00 - млΥлл !aΣ ŘŜǇǘƘǎ Җ лΦо ƳΣ мфтф-2007 (1969-1978 omitted; < 10 samples). 

 

Figure 20. Trend graph of annual average dissolved oxygen in Trinity Bay, samples collected from   
5:00 - млΥлл !aΣ ŘŜǇǘƘǎ Җ лΦо ƳΣ мфтф-2007 (1969-1978 omitted; < 10 samples). 
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Figure 21. Trend graph of annual average dissolved oxygen in West Bay, samples collected from      
5:00 - млΥлл !aΣ ŘŜǇǘƘǎ Җ лΦо ƳΣ мфтф-2007 (1969-1978 omitted; < 10 samples). 
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OIL SPILLS 

The Texas General Land Office (GLO) Oil Spill Prevention and Response Program maintains a database 

describing spills of petroleum products reported in Texas coastal counties. Included in the database are 

data describing oil spills occurring in four of the five counties surrounding Galveston Bay (Brazoria, 

Chambers, Galveston, and Harris). The GLO does not collect oil spill data for the fifth county of 

Galveston Bay, Liberty County, since it lies outside of the Texas Coastal Zone Management Boundary. 

The database compiled for the Lower Galveston Bay Watershed describes 3,196 spill events occurring 

from 1998 to 2007. The data contain waterbody and county of occurrence, date and time of the spill, 

volume of the spill, type of product spilled, and the general source (vessel or facility). Latitudes and 

longitudes of the spill locations are not available. The number and volume of spills reported in the 

Lower Galveston Bay watershed is reported below by county, product type and source of spills.  

NUMBER OF SPILLS 

A total of 3,196 spills were reported in the Lower Galveston Bay watershed by the GLO during the 

period 1998-2007. As seen in Table 8, the number of spills reported by the GLO each year remained 

fairly constant with a maximum of 397 spills reported in 2001 and a low of 246 spills reported in 2005. 

As seen in Table 8, Harris County reported the greatest number of total spills (1,772 spills or 55 percent 

of all spills), likely due to the large concentration of industrial and shipping facilities along the Houston 

Ship Channel. Galveston County ranked second with 1,192 total spills (37 percent of all spills). 

Galveston County also has a concentration of industrial facilities in Texas City and port facilities are 

located in Texas City and on Galveston Island. The total number of spills in Brazoria and Chambers 

counties (107 and 125 total spills respectively) was nearly ten times less than those reported in Harris 

and Galveston counties over the 1998-2007 reporting period. 

Table 8. Number of oil spills reported annually in the Lower Galveston Bay Watershed: by county. 
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Year Brazoria Chambers Galveston Harris Liberty  Total

1998 12 8 103 161 - 284

1999 21 7 121 238 - 387

2000 15 9 146 220 - 390

2001 12 4 155 226 - 397

2002 11 6 133 188 - 338

2003 9 8 131 167 - 315

2004 6 15 103 142 - 266

2005 6 20 96 124 - 246

2006 5 21 90 151 - 267

2007 10 27 114 155 - 306

 Total 107 125 1,192 1,772 - 3,196
a
 Data source: GLO Oil Spill Prevention and Response Program

b
 Data for Liberty County are not available.

 

 

 

Figure 22. Number of oil spills reported annually in the Lower Galveston Bay Watershed: by county 
(Data source: GLO Oil Spill Prevention and Response Program). 
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As seen in Table 9, spills of ten product types are reported by the GLO. Thirty six percent (1,142 spills) 

of the total reported spills was attributed to waste oil/oily water mixtures while diesel fuel accounted for 

29 percent (916 spills) of total spills. Eight percent of the spills were of unknown product types. All 

other product types individually accounted for eight percent or less of total spills. 

 

Table 9. Number of oil spills reported annually in the Lower Galveston Bay Watershed: by product 
type. 
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1998 15 - 5 85 9 18 4 13 3 96 36 284

1999 34 3 10 100 7 23 4 15 6 136 49 387

2000 26 2 9 109 13 28 3 12 3 140 45 390

2001 40 - 8 121 9 26 2 10 - 156 25 397

2002 23 5 6 92 9 35 2 23 7 113 23 338

2003 13 2 8 101 6 23 1 12 1 127 21 315

2004 8 7 10 83 8 23 2 12 1 93 19 266

2005 13 10 20 73 6 21 1 13 4 70 15 246

2006 17 10 15 74 3 29 - 8 4 92 15 267

2007 16 5 17 78 10 24 2 13 5 119 17 306

Total 205 44 108 916 80 250 21 131 34 1,142 265 3,196
a
 Data source: GLO Oil Spill Prevention and Response Program

b
 Data for Liberty County are not available.  

When spills were analyzed by product type and county of spill, spills of diesel and waste oil/oily water 

mixtures accounted for the majority of spills in Brazoria, Galveston, and Harris counties. Spills in 

Chambers County were predominantly spills of crude oil or unknown origin (see 
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Table 10 below). 
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Table 10. Number of oil spills reported in the Lower Galveston Bay Watershed: by county and product 
type. 

Product Name Brazoria Chambers Galveston Harris

Bunker C / other heavy fuel oils 1 0 30 174

Condensate 1 23 3 17

Crude oil 2 41 29 36

Diesel 45 16 418 437

Gasoline 2 0 39 39

Hydraulic oil 9 2 78 161

Jet fuel/kerosene 0 0 7 14

Lubricating oils 1 5 29 96

Non-petroleum oils 0 5 9 25

Unknown 7 33 76 177

Waste oil / oily water mixtures 39 0 474 596

Total Number of Spills 107 125 1,192 1,772

a
 Data source: GLO Oil Spill Prevention and Response Program

b
 Data for Liberty County are not available.  

 

As seen in 
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Table 11 and Figure 23, oil spills are classified according to three types of sources: facility, vessel, or 

unknown. Vessel spills accounted for 1,377 spills (43 percent) of total spills. 1,178 spills (37 percent) 

were reported as being of unknown origin 641 spills (20 percent) were attributed to facilities. 
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Table 11. Number of oil spills reported annually in the Lower Galveston Bay Watershed: by source. 

Year Facility Vessel Unknown Total

1998 47 132 105 284

1999 79 169 139 387

2000 68 181 141 390

2001 80 171 146 397

2002 65 144 129 338

2003 54 112 149 315

2004 41 124 101 266

2005 69 96 81 246

2006 71 119 77 267

2007 67 129 110 306

Total 641 1,377 1,178 3,196

a
 Data source: GLO Oil Spill Prevention and Response Program

b
 Data for Liberty County are not available.  
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Figure 23. Number of oil spills reported annually in the Lower Galveston Bay Watershed: by source 
(Data source: GLO Oil Spill Prevention and Response Program) 

 

When the number of spills by source and county of origin were analyzed (see Table 12), Harris and 

Galveston ranked highest in every category. Harris County reported the highest number of vessel spills 

(799) and Galveston County reported 478 vessel spills between 1998 and 2007. Facility spills were 

again highest in Harris County (420) and Galveston County (149). Spills of unknown origin were 

highest in Galveston County (565) and Harris County (553).  Conversely, Chambers County reported the 

lowest number of vessel spills (29) while Brazoria County reported 71 vessel spills between 1998 and 

2007. Facility spills were lowest in Brazoria County (8) and Chambers County (64). Spills of unknown 

origin were lowest in Brazoria County (28) and Chambers County (32). 



2008 Status and Trends Final Report  Page 48 

 

Table 12. Number of oil spills reported in the Lower Galveston Bay Watershed 1998-2007: by source 
and county of origin. 

Source Brazoria Chambers Galveston Harris Liberty Total

Facility 8 64 149 420 - 641

Vessel 71 29 478 799 - 1,377

Unknown 28 32 565 553 - 1,178

Total 107 125 1,192 1,772 - 3,196  

 

VOLUME OF SPILLS  

While analyzing the number of spills is one way to quantify oil spill data, it is also interesting to look at 

the nature of oil spills in the Galveston Bay system according to the volume of petroleum products 

spilled. This gives one insight not only into the frequency of spills, but also into the size of spills.  

The majority of the oil spills described in the GLO Oil Spill Prevention and Response database is 

reported in gallons. However, several older spills were reported in barrels (US, petroleum). Based on 

advice from the GLO Oil Spill Prevention and Response Program, spills originally reported in barrels 

were converted to gallons based on the following conversion: 1 barrel of petroleum, US = 42 gallons. 

For the period 1998-2007 a total of 383,897 gallons of petroleum products were reported by the GLO as 

spilled in the Lower Galveston Bay watershed. As seen in Table 13 and Figure 24, Harris County and 

Galveston County had the largest reported spill volumes (224,311 gallons and 138,799 gallons, 

respectively).  

The annual volume of oil spills is highly variable. The greatest spill volumes were reported in 2001 

(123,828 gallons) and 2000 (103,174 gallons). In 2000, eleven spills measured greater than 1,000 

gallons; the largest of those being a 70,000 gallon heavy fuel oil spill released from a facility on June 12, 

2000 in the Houston Ship Channel. In 2001, eight spills measured greater than 1,000 gallons; the largest 

spill occurring on March 9, 2001. On this date, a vessel released 44,000 gallons of an unknown 

petroleum product into Galveston Bay.  
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Table 13. Volume of oil spills reported annually in the Lower Galveston Bay Watershed: by county. 

Year Brazoria Chambers Galveston Harris Liberty Total Gallons

1998 47 663 915 16,501 - 18,125

1999 339 4,209 10,748 17,726 - 33,021

2000 214 5,910 8,881 88,169 - 103,174

2001 272 40 61,012 62,505 - 123,828

2002 107 133 5,294 7,745 - 13,279

2003 44 70 1,203 9,064 - 10,381

2004 25 2,276 44,003 2,466 - 48,770

2005 88 2,776 5,232 12,583 - 20,678

2006 217 674 931 3,904 - 5,726

2007 39 2,647 580 3,649 - 6,915

Total 1,389 19,397 138,799 224,311 - 383,897

a
 Data source: GLO Oil Spill Prevention and Response Program

b
 Data for Liberty County are not available.
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Figure 24. Volume of oil spills reported annually in the Lower Galveston Bay Watershed: by county 
(Data source: GLO Oil Spill Prevention and Response Program)
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Table 14 lists spill volumes according to the petroleum product spilled. The greatest spill volumes were 

reported for Bunker C/Heavy fuel oils (127,100 gallons or 33 percent of the total spill volume), 

unknown petroleum products (98,309 gallons or 26 percent of the total spill volume), and diesel fuel 

(68,847 gallons or 18 percent of the total spill volume). 

Table 14. Volume of oil spills reported annually in the Lower Galveston Bay Watershed:  by product 
type. 
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1998 262 0 48 6,807 24 96 1,480 103 504 8,660 142 18,125

1999 2,706 5 1,829 7,376 15 129 14,917 191 220 4,826 810 33,021

2000 72,493 2 1,076 14,395 437 48 66 27 4 2,134 12,493 103,174

2001 42,089 0 14,365 15,963 52 35 1 131 0 6,725 44,468 123,828

2002 263 84 1,796 1,838 4 157 0 84 3,036 442 5,575 13,279

2003 5,422 688 224 3,626 1 33 5 53 0 206 123 10,381

2004 1,829 2,115 9,782 678 8 98 1 18 2 207 34,031 48,770

2005 420 150 3,166 15,318 12 77 189 99 18 1,118 112 20,678

2006 883 34 788 675 22 44 0 31 2,100 660 488 5,726

2007 734 27 2,699 2,170 5 156 1 40 646 367 70 6,915

Total 127,100 3,104 35,774 68,847 578 873 16,660 777 6,530 25,344 98,309 383,897

a
 Data source: GLO Oil Spill Prevention and Response Program

b
 Data for Liberty County are not available.

 

As seen in Table 15 and Figure 25, the greatest volume of spills was reported from vessels (217,338 

gallons or 57 percent of the total volume spilled). 148,396 gallons of petroleum products were released 

from facilities (39 percent of the total volume spilled), while 18,162 (5 percent of the total volume 

spilled) was attributed to sources of an unknown origin. 
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Table 15. Volume of oil spills reported annually in the Lower Galveston Bay Watershed: by source. 

Year Facility Vessel Unknown

Total 

Gallons

1998 687 11,952 5,487 18,125

1999 8,203 24,199 619 33,021

2000 73,478 22,113 7,583 103,174

2001 39,937 83,493 399 123,828

2002 3,125 8,232 1,922 13,279

2003 696 9,465 219 10,381

2004 12,295 36,307 169 48,770

2005 3,662 16,453 563 20,678

2006 3,420 1,996 310 5,726

2007 2,894 3,129 892 6,915

Total 148,396 217,338 18,162 383,897
a
 Data source: GLO Oil Spill Prevention and Response Program

b
 Data for Liberty County are not available.
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Figure 25. Volume of oil spills reported annually by source in the Lower Galveston Bay Watershed 
(Data source: GLO Oil Spill Prevention and Response Program) 
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The majority of spills in Galveston Bay and tributaries are small spills. As seen in Table 16, of the 3,196 

reported spills in the Lower Galveston Bay watershed between 1998 and 2007, 3,075 spills (96 percent) 

measured less than 100 gallons.   

Table 16. Number of oil spills reported in the Lower Galveston Bay Watershed: by volume. 

Volume of Spill Number of Spills

0-100 Gallons 3,075

100-500 Gallons 64

500-1,000 Gallons 14

1,000-5,000 Gallons 33

5,000-10,000 gallons 3

10,000-50,000 Gallons 6

Greater than 50,000 Gallons 1

 Total 3,196

a
 Data source: GLO Oil Spill Prevention and Response Program

b
 Period of record: 1998-2007

c 
Data for Liberty County are not available.  

Table 17 lists the ten largest oil spills reported in Galveston Bay from 1998-2007. Four of those spills 

occurred in the Houston Ship Channel. Other large spills were reported in Galveston Bay, Greens 

Bayou, the Texas City Ship Channel, Carpenters Bayou, and Highland Bayou. Six spills were of 

shipping vessel origin, while four spills were related to land-based facilities. A variety of petroleum 

products were involved. 

Table 17. The ten largest oil spills reported in the Lower Galveston Bay watershed. 

County Waterbody Date Source Product
Volume       

(in Gallons)

Harris Houston Ship Channel June 2000 Facility Bunker C / other heavy fuel oils 70,000

Galveston Galveston Bay March 2001 Vessel Unknown 44,100

Harris Houston Ship Channel September 2001 Vessel Bunker C / other heavy fuel oils 36,372

Galveston Galveston Bay December 2004 Vessel Unknown 33,978

Harris Houston Ship Channel June 1999 Vessel Jet fuel/kerosene 14,910

Harris Greens Bayou June 2001 Facility Diesel 14,616

Galveston Texas City Ship Channel March 2001 Facility Crude oil 14,196

Harris Carpenters Bayou December 2005 Vessel Diesel 9,495

Galveston Highland Bayou December 2004 Facility Crude oil 9,460

Harris Houston Ship Channel August 1998 Vessel Waste oil / oily water mixtures 8,000

Total 255,127
a
 Data source: GLO Oil Spill Prevention and Response Program

b
 Period of record: 1998-2007

c 
Data for Liberty County are not available.  
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COASTAL FISHERIES 

The Texas Parks and Wildlife Department (TPWD) Coastal Fisheries Division collects data describing 

the fisheries resources of Galveston Bay. This fisheries independent monitoring database is separate 

from the commercial and recreational fisheries landings database maintained by the agency.  The 

fisheries resource database is the second largest database maintained by the Status and Trends Project 

(second in size to the TCEQ Surface Water Quality Database). 

The database includes information on a host of aquatic plants and animals sampled by the TPWD using 

a variety of sampling techniques (e.g. bag seine, shrimp trawl, gill net, and oyster dredge). The Coastal 

Fisheries database is used by the Status and Trends Project for the trend analysis of species abundances 

in East Bay, Upper and Lower Galveston Bay, Trinity Bay, West Bay, and Christmas Bay. Some data 

exist for samples captured near the mouth of local bayous. However, these samples are not analyzed by 

the Status and Trends Project due to the fact that the TPWD Coastal Fisheries Monitoring Program 

focuses monitoring on the major estuarine subbays and any data for the local bayous would likely 

provide an incomplete characterization of those waterbodies. TPWD also collects hydrological data in 

association with its fisheries independent monitoring program.  

The TPWD coastal fisheries monitoring program utilizes a randomized sampling station methodology 

and catalogues every organism captured in a sample. Collected data include spatial and temporal 

information describing the sample location and time, collection gear information, hydrological data (e.g. 

dissolved oxygen, water temperature, and salinity), weather conditions, species caught, number of each 

species captured, and total length (length of fish from snout to tip of caudal fin) of the first 19 

individuals of a captured species.  

TPWD Coastal Fisheries data are requested from the TPWD Rockport Office annually and are typically 

available from the agency in June of the year in which data are requested. Data are received from the 

TPWD on a set of CDs in .csv format. The TPWD Coastal Fisheries Operations Manual is available in 

hard copy format upon request from the agencyôs Rockport Office. The manual provides details for all 

aspects of the Coastal Fisheries monitoring program. 

A large amount of data processing is required to analyze the TPWD Coastal Fisheries dataset. The data 

are converted from .csv format into a MS Access database and spatially formatted according to the 

GBEP segmentation scheme (see Figure 1). The data are then aggregated according to gear type, sample 

(by date and location) and species. This yields a count of the number of individuals of each species 

captured in each TPWD sample. Next, the data are converted from number captured to standardized 

catch per unit effort (CPUE) or relative abundance. CPUE for gill net, shrimp trawl and oyster dredge is 

calculated by dividing the total number of individuals of a species captured by the total time sampled to 

yield catch per hour. CPUE for bag seine is calculated by dividing the total number individuals of a 

species captured by total area sampled to yield catch per hectare. Annual and monthly CPUEs are 

calculated by Subbay for each species of interest. Relative abundance is calculated by dividing the 

number of individuals of a given species in a sample by the total number of individuals in the sample). 
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COASTAL FISHERIES INDICATOR 

The Texas Parks and Wildlife Department (TPWD) Coastal Fisheries Division monitors the abundance 

and size of species of finfish and macroinvertebrates using a variety of gear types. Samples are taken at 

random locations throughout the year. Gill nets with graduated panels of four mesh sizes are used to 

sample large fish and crustaceans.  

The data for this indicator gill net Catch Per Unit Effort (CPUE) data for five top predators: spotted 

seatrout (Cynoscion nebulosus), sand seatrout (Cynoscion arenarius), red drum (Sciaenops ocellatus), 

black drum (Pogonias cromis), and Southern flounder (Paralichthys lethostigma). The assortment of 

predators ensures that the indicator is associated with a variety of species in the lower levels of the food 

web. It is assumed that if the species abundances of predators in this group increase, then the ecosystem 

supporting them must be productive. The reverse pattern is harder to elucidate because declines in the 

predator species could be due to other factors including disease, pollution or fishing pressure.  

The CPUE data for each of the five species over the last twenty years (1988-2007) were analyzed using 

linear regression to determine whether there had been a significant trend. All of the significant trends 

explain at least 25% of the annual variation.  

Table 18. Predatory Finfish Indicator; summarizes 20 year trends in Catch Per Unit Effort (CPUE) for 
five species of predatory finfish captured in gill nets in Galveston Bay. 

 

 

As described in Table 18, three species of predatory finfish (black drum, red drum, and san seatrout) 

exhibit stable trends. Spotted seatrout exhibit an increasing trend (see  Figure 26) over the 20 year period 

with an R
2
 = 0.41. Increases in spotted seatrout population trends are more likely the result of 

management actions (strict bag and size limits and active stocking programs) than productivity in lower 

levels of the food web. Southern flounder exhibit a decreasing trend over the 20 year period with an R
2
 = 

0.48 (see Figure 27). The declining trend occurs statewide along the Texas coast; the cause is largely 
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unknown. However, TPWD hopes that changes to recreational fishing regulations and a stocking 

program , currently underway at Sea Center Texas, will reverse the trend in the future. 

 

 

 

 

Figure 26. Annual Trend in CPUE for spotted seatrout captured in Galveston Bay gill nets; 1986-2007. 
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Figure 27. Annual Trend in CPUE for Southern flounder captured in Galveston Bay gill nets; 1986-2007. 

 

HABITAT   

ASSESSMENT OF WETLAND LOSS AND GAIN PROJECTIONS  

Geospatial data were obtained from the National Oceanic and Atmospheric Administration (NOAA) Coastal 

Change Analysis Program (C-CAP). The C-CAP land cover classification is based on Landsat Thematic 

Mapper satellite imagery. The data have a spatial resolution of 30 m and a target accuracy of 85%. C-CAP 

data are mapped at 1:100,000 scale with 22 standard classes representing major landscape types. C-CAP 

classification is supported by ground truthing and the use of supplementary data such as U.S. Geological 

Survey (USGS) maps, Topologically Integrated Geographic Encoding and Referencing system (TIGER) 

road data, and National Wetland Inventory (NWI) data. In an effort to be consistent with wetland 

classifications prepared by other agencies, the wetland data included in the C-CAP Coastal Land Cover 

Classification System are based on the Cowardin classification (Cowardin 1979). Detailed information 

describing the Gulf Coast C-CAP methodology can be found on the NOAA-CCAP Gulf Coast Land Cover 

website.  

The newest NOAA C-CAP dataset inventories and describes the change in land cover along the Texas-

Louisiana coast over a five year period, 2001 to 2005. With the addition of the 2001 to 2005 inventory, 

NOAA C-CAP provides a standardized habitat classification data set for the period 1996 to 2005. The 

http://www.csc.noaa.gov/crs/lca/ccap.html
http://www.csc.noaa.gov/crs/lca/ccap.html
http://www.csc.noaa.gov/crs/lca/gulfcoast.html
http://www.csc.noaa.gov/crs/lca/gulfcoast.html
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Status and Trends Project analyzes wetland classification and related land use/land cover data for the Lower 

Galveston Bay watershed (21 subwatersheds and five counties). The five C-CAP wetland classes analyzed 

by the Status and Trends Project include: Estuarine Emergent Wetland, Estuarine Scrub/Shrub Wetland, 

Palustrine Emergent Wetland, Palustrine Forested Wetland, and Palustrine Scrub/Shrub Wetland.  

Three wetland classes were not included in the wetland change analysis. Estuarine Forested Wetlands (e.g. 

mangroves) do not exist in the Galveston Bay Estuary. Also not analyzed were the Estuarine Aquatic Bed 

and Palustrine Aquatic Bed classes. The aquatic bed classes do not allow one to differentiate between 

submerged aquatic vegetation (seagrass) and other aquatic vascular plants such as invasive water hyacinth 

(Eichhornia crassipes) and Salvinia (Salvinia molesta).  

Precipitation amounts present at the time satellite imagery is acquired is a major factor affecting the 

comparability of remotely sensed palustrine wetland data from one year to the next. Palustrine wetland 

acreages from wet and dry years are not directly comparable as wet years will yield relatively larger 

palustrine wetland acreage amounts and dry years will yield relatively smaller acreage amounts. For this 

reason, in addition to acquiring the NOAA C-CAP habitat data, annual precipitation data from the National 

Climate Data Center (NCDC) were also obtained for Houston, 1941-2006. According to the NCDC 

precipitation data for Houston: 

 1996 was the 8
th
 driest year on record with 36.34 inches of rain 

 2001 was the 3
rd

 wettest year on record with 81.84 inches of rain, and  

 2005 was the 7
th
 driest year on record with 36.02 inches of rain 

Based on the NCDC precipitation data, 1996 and 2005 are good years for comparison of palustrine wetland 

classification data due to their relatively equal rainfall amounts. 2001 was a much wetter year and the 

NOAA C-CAP habitat classification data for that year are not directly comparable to the data from 1996 and 

2005 as the palustrine wetland acreages will be much larger in 2001 due to the existence of wet conditions. 

Additionally, wetland acreages from previous wetland assessment studies and land cover classifications 

(USFWS 1992; White 1993; Pulich 1996; Jacob 2005; Webb 2005) cannot be directly compared to the 

results of Galveston Bay Status and Trends Projectôs C-CAP data analyses. The land cover 

classifications use different remote sensing imagery as baseline data sets (e.g. aerial photos versus 

satellite imagery), assess geographic areas of varying size, and use slightly differing habitat 

classification systems.   

Using the NOAA Coastal Change Analysis Program (C-CAP) data set released in 2007, five land cover 

classes were analyzed to detect changes in wetland acreage for the period 1996 to 2005. Summary data 

are provided in Appendices D and E. 

The area of land analyzed (a total land area of 2,742,911 acres) included the 21 subwatersheds of the 

Lower Galveston Bay Watershed (see map in). Changes in wetland acreages were also analyzed at the 

county level (Brazoria, Chambers, Galveston, Harris, and Liberty counties).  

http://www.ncdc.noaa.gov/oa/climate/research/cag3/v1.html
http://www.ncdc.noaa.gov/oa/climate/research/cag3/v1.html
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Figure 28. Counties and subwatersheds of the Lower Galveston Bay watershed. Varying aerial 
coverage account for the acreage difference in the wetland change analysis at the county and 
subwatershed scales. 
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Habitat classification data for five estuarine and palustrine wetland classes were analyzed for the years 

1996 and 2005: 1) Estuarine Emergent Wetland, 2) Estuarine Scrub/Shrub Wetland, 3) Palustrine 

Emergent Wetland, 4) Palustrine Forested Wetland, and 5) Palustrine Scrub/Shrub Wetland. According 

to the NOAA C-CAP dataset, the total acreage of these estuarine and palustrine wetland classes in 2005 

was estimated to be 717,848 acres or 26 percent of the total land area in the Lower Galveston Bay 

Watershed. Over the ten year period of 1996 to 2005, changes in land cover and land use are evident 

throughout the Lower Galveston Bay Watershed and are discussed below. Several land use classes were 

also analyzed in FY 2007 in an attempt to characterize the type of changes occurring (e.g. development 

or clearing of land).  

It should be noted that the data below representing change in habitat acreage are calculated in terms of 

increases and decreases in acreage, the balance of which is ñnet changeò. It is unclear whether a negative 

change is truly a ñlossò or a positive change is truly a ñgainò in wetland acreage. Additional analyses 

and ground-truthing are required to bear this out. A decrease in wetland acreage is a true ñlossò if the 

habitat has been converted to a human land use or to a hydrologically altered landscape (e.g. palustrine 

emergent wetland drained and converted to a developed land use). Jacob and Lopez (2005) attempted to 

quantify this type of wetland loss in the Lower Galveston Bay Watershed. Wetland habitat that is altered 

to another habitat type (e.g. palustrine forested wetland cleared and converted to palustrine emergent 

wetland) may represent a change, but not a permanent loss of wetland habitat. 

As seen in Table 19, net change in palustrine and estuarine wetlands (loss of wetlands offset by gains) 

totaled 717,848 acres in the 21 subwatersheds surrounding Galveston Bay during the ten year period, 

1996 to 2005. Negative changes largely occurred in the palustrine wetland classes of palustrine forested 

(-9,256 acres), palustrine scrub/shrub wetlands (-6,046) and palustrine emergent wetlands (-2,326). 

Overall, the acreage of estuarine wetlands showed little change in the 1996 to 2005 time period. A 

positive change in estuarine emergent wetlands (124 acres) was apparent.  

  

Wetland Class 1996 2005 Change in Acres

Estuarine Emergent Wetland 124,333 124,456 124

Estuarine Scrub/Shrub Wetland 244 229 -15

Palustrine Emergent Wetland 135,448 133,123 -2,326

Palustrine Forested Wetland 418,469 409,213 -9,256

Palustrine Scrub/Shrub Wetland 56,873 50,827 -6,046

Net Total 735,366 717,848 -17,519

Table 19. Change in acreage of five wetland classes in 21 subwatersheds of the Lower 
Galveston Bay watershed, 1996 to 2005. Original data source: NOAA Coastal Change 
Analysis Program, 2007. 
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As seen in Error! Refer ence source not found., of the 21 subwatersheds of the Lower Galveston Bay 

Watershed, the five with the largest estimated acreages of estuarine and palustrine wetlands in 2005 

were the: 

 Trinity River watershed with 306,053 acres 

 East Bay watershed with 83,840 acres 

 West Bay watershed with 77,364 acres 

 Austin-Bastrop Bayou  watershed with 70,535 acres, and  

 Trinity Bay watershed with 56,721 acres 

During the period 1996 to 2005, the greatest decreases in estuarine and palustrine wetland acreages 

occurred in the Trinity River (-6,243 acres), Trinity Bay (-1,860 acres), and Clear Creek (-1,594 acres) 

subwatersheds. Also of note are the Brays Bayou and White Oak Bayou subwatersheds which saw 

decreases in wetland acreage of 43 percent (-224 acres) and 33 percent (-181 acres) respectively from 

1996 to 2005. 

 

Watershed 1996 2005 Change in Acres

Addicks Reservoir 7,554 7,401 -153

Armand Bayou 6,702 6,470 -232

Austin-Bastrop Bayou 70,981 70,535 -446

Barker Reservoir 10,887 10,657 -230

Brays Bayou 521 298 -224

Buffalo Bayou 455 398 -57

Cedar Bayou 24,554 23,665 -889

Chocolate Bayou 14,356 13,970 -386

Clear Creek 10,131 8,537 -1,594

Dickinson Bayou 7,553 7,062 -491

East Bay 85,319 83,840 -1,480

Greens Bayou 12,353 11,250 -1,103

Houston Ship Channel 6,020 5,654 -366

North Bay 2,892 2,694 -198

San Jacinto River 9,933 9,827 -106

Sims Bayou 1,621 1,378 -243

South Bay 14,059 13,714 -345

Trinity Bay 58,582 56,721 -1,860

Trinity River 312,296 306,053 -6,243

West Bay 78,057 77,364 -693

White Oak Bayou 541 360 -181

Net Total 735,366 717,848 -17,519

Table 20. Change in acreage of wetlands in 21 watersheds of the 
Lower Galveston Bay watershed, 1996 to 2005. Original data source: 
NOAA Coastal Change Analysis Program, 2007. 
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Status of Wetland Habitat in Five Counties of the Lower Galveston Bay Watershed 

The analysis of the NOAA C-CAP data was expanded to analyze the change in wetlands in the five 

county region in and around Galveston Bay (Brazoria, Chambers, Galveston, Harris, and Liberty 

counties) during the same period, 1996 to 2005. The area of land within the five counties (3,438,890 

acres) differs from, but includes the 21 subwatersheds (see Figure 28 above). The change in overall area 

presents a slightly different view of changes in wetland acreage from that seen above in the section on 

subwatershed-level changes. 

In 2005, the total acreage of wetlands in the five counties was estimated to be 946,988 acres or 28 percent of 

the total county land area in 2005. When compared to estuarine and palustrine acreage decreases in the 21 

subwatersheds, the net decrease of estuarine and palustrine wetland classes in the five county area was 

larger at -25,792 acres (see Table 21).  

As with the subwatersheds, wetland acreage decreases occurred in palustrine wetland classes, specifically 

palustrine forested wetlands (-18,2648 acres), palustrine scrub/shrub wetlands (-6,045 acres), and palustrine 

emergent wetlands (-1,678 acres). A small increase in the estuarine emergent class of 199 acres was seen. 

Table 21. Change in acreage of five wetland classes in five counties of the Lower Galveston Bay 
watershed, 1996 to 2005. Original data source: NOAA Coastal Change Analysis Program, 2007. 

 

When the C-CAP wetland data were analyzed by county, it was determined that the areas with the 

largest estimated acreages of estuarine and palustrine wetlands in 2005 were Brazoria County (341,474 

acres) and Liberty County (295,116 acres) (see Table 22). During the period 1996 to 2005, the greatest 

decreases in wetland acreage occurred in Liberty County (-12,253 acres) and Harris County (-6,124 

acres).  The changes in land cover classes for these two counties are described further below. 

Wetland Class 1996 2005 Change in Acres

Estuarine Emergent Wetland 163,029 163,228 199

Estuarine Scrub/Shrub Wetland 229 224 -5

Palustrine Emergent Wetland 169,746 168,068 -1,678

Palustrine Forested Wetland 564,715 546,451 -18,264

Palustrine Scrub/Shrub Wetland 75,061 69,016 -6,045

Net Total 972,780 946,988 -25,792
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Table 22. Change in acreage of wetlands in 5 counties of the Lower Galveston Bay watershed, 1996 to 
2005. Original data source: NOAA Coastal Change Analysis Program, 2007. 

 

LAND USE CHANGES IN LIBERTY AND HARRIS COUNTIES 

Liberty County 

As was reported last year by the Status and Trends Project, the NOAA C-CAP data describes large 

landscape scale changes in Liberty County. Liberty County is the Northeastern most county of the 

Lower Galveston Bay Watershed, is situated at the southern extent of the East Texas Piney Woods and 

contains the Trinity River Bottomlands. As seen in Table 23, during the period 1996 to 2005 Liberty 

County shows a decrease of more than 12,000 acres in the palustrine wetland classes. An analysis of the 

land use classification data from the NOAA C-CAP data set shows an increase of almost 20,000 acres in 

the agricultural land use classes of Cultivated (tilled row crops), Pasture/Hay (open to grazing), and 

Grassland (may be open to grazing). The data show an increase of nearly 2,500 acres of developed land 

use classes. Based on these data, it appears that freshwater wetlands, especially forested freshwater 

wetlands, are being altered for uses other than suburban development. A different story is told by the 

NOAA-C-CAP data for Harris County. 

County 1996 2005 Change in Acres

Brazoria 344,188 341,474 -2,714

Chambers 137,429 134,719 -2,710

Galveston 80,872 78,881 -1,991

Harris 102,922 96,798 -6,124

Liberty 307,369 295,116 -12,253

Net Total 972,780 946,988 -25,792
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Table 23. Changes in acres of estuarine and palustrine wetland and land use classes in Liberty County, 
1996 to 2005.  Original data source: NOAA Coastal Change Analysis Program, 2007. 

 

Harris County 

Harris County is the urban center of the Lower Galveston Bay Watershed and is home to almost 3.9 

million people as estimated in 2006 (2007). The NOAA C-CAP data show the results of urban and 

suburban development in this county.  As seen in Table 24, during the period 1996 to 2005, Harris 

County shows a decrease of more than 6,000 acres in the palustrine wetland classes, most of that in the 

palustrine forested wetland class. An analysis of the land use classification data from the NOAA C-CAP 

data set also shows a decrease of more than 24,000 acres in the agricultural land use classes of 

Cultivated (tilled row crops), Pasture/Hay (open to grazing), and Grassland (may be open to grazing). 

According to this data set, during the same time period developed land use classes increased by more 

than 68,000 acres with more than 52,000 acres of that increase being in the Low, Medium, and High 

Intensity Developed land use classes.  

County Wetland Class 1996 2005

Change in 

Acres             

1996 to 2005

Percent 

Change       

1996 to 2005

Total Change 

in Acres             

1996 to 2005

Estuarine Emergent Wetland 1 0 -1 --

Estuarine Scrub/Shrub Wetland 0 0 0 --

Palustrine Emergent Wetland 13,023 11,701 -1,322 -10%

Palustrine Forested Wetland 284,272 275,213 -9,059 -3%

Palustrine Scrub/Shrub Wetland 10,073 8,201 -1,872 -19%

NET TOTAL 307,369 295,115 -12,254

County
Land Use 

Type
Land Use Class 1996 2005

Change in 

Acres             

1996 to 2005

Percent 

Change       

1996 to 2005

Total Change 

in Acres             

1996 to 2005

Cultivated 52,413 52,791 378 1%

Pasture/Hay 174,025 173,845 -180 -0%

Grassland 25,547 45,019 19,472 76%

Bare Land 609 1,222 613 101%

Developed Open Space 3,605 4,042 437 12%

Low Intensity Developed 14,278 15,350 1,072 8%

Medium Intensity Developed 3,561 3,702 141 4%

High Intensity Developed 947 1,241 294 31%

NET TOTAL 274,985 297,210 22,225

-1

-12,253

Agricultural 19,669

2,556

Liberty

Developed

Liberty
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Table 24. Changes in acres of estuarine and palustrine wetland and land use classes in Harris County, 
1996 to 2005.  Original data source: NOAA Coastal Change Analysis Program, 2007. 

 

 

OTHER INDICATORS OF BAY HEALTH  

COLONIAL WATERBIRDS 

BACKGROUND 

Galveston Bay serves as a major nesting area for many species of colonial waterbirds including herons, 

egrets, gulls, terns, pelicans, cormorants and others. Colonial waterbirds nest in colonies that range in 

size from just a few to thousands of nesting pairs. As the name implies, colonial waterbirds require 

aquatic habitats to complete their life cycle. They rely upon a plentiful food supply found in the open 

bay, mud flats, and seagrass beds. They also forage in estuarine and palustrine wetlands and in riparian 

habitats along the shores of local bayous. 

Depending on the species, nests may be found in shrubs and trees or on the ground. Nesting sites are 

often in remote areas such as bird islands, stretches of beach, and riparian forests. The remote nature of 

nesting habitat helps to protect breeding adults and fledglings from predators and human disturbance. 

The nesting season in Galveston Bay is February through August. 

County Wetland Class 1996 2005

Change in 

Acres             

1996 to 2005

Percent 

Change       

1996 to 2005

Total Change 

in Acres             

1996 to 2005

Estuarine Emergent Wetland 3,278 3,271 -7 -0%

Estuarine Scrub/Shrub Wetland 143 142 -1 -1%

Palustrine Emergent Wetland 9,915 10,388 473 5%

Palustrine Forested Wetland 74,509 69,455 -5,054 -7%

Palustrine Scrub/Shrub Wetland 15,077 13,542 -1,535 -10%

NET TOTAL 102,922 96,798 -6,124

County
Land Use 

Type
Land Use Class 1996 2005

Change in 

Acres             

1996 to 2005

Percent 

Change       

1996 to 2005

Total Change 

in Acres             

1996 to 2005

Cultivated 32,898 31,864 -1,034 -3%

Pasture/Hay 172,830 148,503 -24,327 -14%

Grassland 41,535 42,190 655 2%

Bare Land 2,865 8,712 5,847 204%

Developed Open Space 106,814 116,916 10,102 10%

Low Intensity Developed 135,658 147,412 11,754 9%

Medium Intensity Developed 201,117 227,857 26,740 13%

High Intensity Developed 89,970 104,202 14,232 16%

NET TOTAL 783,687 827,656 43,969

Harris

-8

-6,116

Harris

Agricultural

Developed

-24,705

68,675
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The reproductive success of colonial waterbird populations is dependent upon the availability of suitable 

habitat free from disturbance. The following stressors have negative impacts on colonial waterbird 

populations in Galveston Bay: 

 Human disturbance of nesting sites, especially during nesting season  

 Habitat loss:  

o Erosion of nesting islands due to dredging, vessel wakes, and loss of  shoreline vegetation 

o Subsidence of nesting habitat and conversion to open water 

o Loss of habitat due to conversion of land to human uses (development)  

 Mortality of colonial waterbird hatchlings due to predation by red-imported fire ants, coyotes and 

other animals, and  

 Bioaccumulation of contaminants ( e.g. DDT/DDE) in the food web. 

DATA  

Data describing colonial waterbird populations for the Texas Coast are collected by volunteers on an 

annual basis and are maintained by the U.S. Fish and Wildlife Service Texas Colonial Waterbird 

Census. In 2008, the Galveston Bay Status and Trends Project analyzed the data for trends in colonial 

waterbird populations. The database contains nesting pair abundance for 31 species of colonial 

waterbirds observed at 132 nesting colonies in Galveston Bay during the years 1973-2006 (see Table 

25). 

Table 25. List of colonial waterbird species observed in Galveston Bay watershed by the U.S. Fish and 
Wildlife Service Texas Colonial Waterbird Census, 1973-2006. 

1 American Oystercatcher 17 Least Tern

2 Anhinga 18 Little Blue Heron

3 Black Skimmer 19 Neotropic Cormorant

4 Black-crowned Night Heron 20 Olivaceous Cormorant

5 Brown Pelican 21 Reddish Egret

6 Caspian Tern 22 Roseate Spoonbill

7 Cattle Egret 23 Royal Tern

8 Double-crested Cormorant 24 Sandwich Tern

9 Forster's Tern 25 Snowy Egret

10 Fulvous Whistling Duck 26 Sooty Tern

11 Great Blue Heron 27 Tricolored Heron

12 Great Egret 28 White faced Ibis

13 Green Heron 29 White Ibis

14 Gull-billed Tern 30 White-faced Ibis

15 Laughing Gull 31 Yellow-crowned Night Heron

16 Least Bittern

Species

 

http://texascoastalprogram.fws.gov/TCWC.htm
http://texascoastalprogram.fws.gov/TCWC.htm
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The indicator describing colonial waterbird nesting pair populations in Galveston Bay was initially 

created in 2005 (Lester and Gonzalez 2005). The indicator below (Figure 29) summarizes twenty-year 

(1987-2006), linear regression trends in population abundance for 15 species of colonial waterbirds 

grouped by feeding guild (marsh or open water feeders) and nesting habitat (tree or ground nesting 

species). Trends were identified as significantly decreasing or increasing (R
2
 Ó 0.5) or moderately 

decreasing or increasing (0.5 Ó R
2
 Ó 0.25).  

 

Of the 16 species summarized by the indicator, significant declining trends in nesting pairs were found 

for black-crowed night heron and great blue heron. Moderately decreasing trends exist for tri-colored 

heron, white-faced ibis, reddish egret, laughing gull, and neotropic cormorant. A significantly increasing 

trend continues for brown pelican nesting pairs. The trend graphs are depicted in Figure 30.  
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Figure 29. Colonial Waterbird Indicator depicting the twenty year trends (R2 җ  лΦнрύ ƛƴ ƴŜǎǘƛƴƎ ǇŀƛǊ 
abundance for 16 species of colonial waterbirds (eight marsh feeding and eight open water feeding 
species).  

Legend: 
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Figure 30. Twenty year trends in nesting pair abundance for eight species of colonial nesting 
waterbeds identified as having significant increasing or declining trends. 

 

  

  

  

  


