CORPUS CHRISTI BAY NATIONAL ESTUARY PROGRAM

AMBIENT WATER, SEDIMENT AND TISSUE QUALITY
OF CORPUS CHRISTI BAY STUDY AREA:

PRESENT STATUS AND HISTORICAL TRENDS

Project Final Report

Principal Investigators:

George H. Ward
Neal E. Armstrong

Center for Research in Water Resources
The University of Texas at Austin

November 1997



AMBIENT WATER, SEDIMENT AND TISSUE QU.
OF CORPUS CHRISTI BAY STUDY AREA:
PRESENT STATUS AND HISTORICAL TRENDS

Principal Investigators:

George H. Ward
Neal E. Armstrong
Center for Research in Water Resources
The University of Texas at Austin

EXECUTIVE SUMMARY

For many years, data on the physico-chemical quality of water and sediment have
been collected in the Corpus Christi Bay system by a variety of organizations and
individuals. The purpose of this project was to compile these data, and to perform
a quantitative assessment of water and sediment quality of Corpus Christi Bay
and its evolution over time. Tissue quality was included as well in the project
scope. There were three key objectives:

(1) compilation of a comprehensive data base in machine-
manipulable format;

(2) analysis of space and time variation in water, sediment and tissue
quality parameters;

(3) identification of probable causal mechanisms to explicate the
observed variations.

Their accomplishment provides a foundation for further scientific study of the
Corpus Christi Bay system, and for a general understanding of the controls and
responses of its water and sediment quality, which must underlie rational
management of the resources of the system.

A principal product of this study is the compilation of a digital data base composed
of water-quality, sediment-quality and tissue-quality data from 30 data collection
programs performed in Corpus Christi Bay. This compilation included data from
the three most important ongoing monitoring programs in Corpus Christi Bay:
the Texas Natural Resource Conservation Commission (TNRCC) Statewide
Monitoring Network, the Texas Parks and Wildlife Department (TPWD)
hydrographic observations from its Coastal Fisheries program, and the
hydrographic and biochemical data of the Texas Department of Health Seafood
Safety Division program. The important surveys and research projects sponsored
by the Texas Water Development Board (TWDB) and maintained in its digitized
Coastal Data System are included. Several recent federal data-collection projects
are represented, namely those of the U.S. Corps of Engineers (USCE) Galveston
District, Environmental Protection Agency (EPA), National Ocean Service, and
U.S. Fish & Wildlife Service.
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This compilation also entailed keyboarding of other major data sets, many of
which exist in limited hardcopy and are virtually unobtainable, including the
U.S. Corps of Engineers Galveston District water and sediment surveys of the
1970's, data of the Texas Game Fish & Oyster Commission from the 1960's, the
Reynolds-sponsored "baseline" surveys of the early 1950's, the Submerged Lands
Project of the Bureau of Economic Geology, and the data collections by the now-
defunct Ocean Science and Engineering Laboratory of Southwest Research
Institute. Other entries in this compilation include research projects whose data
are published only in limited technical reports or academic theses, all of which
were keyboarded. A major data compilation effort of the project was devoted to
determination of latitude/longitude coordinates based upon historical sampling
station location information, so that all of the data could be unambiguously
georeferenced. In addition to supporting the spatial-distribution analyses of this
study, this georeferencing data will facilitate incorporation of the data base into
geographical information systems.

All told, the digital compilation is the most extensive and detailed long-term
record of water and sediment quality ever assembled for Corpus Christi Bay. The
study area for this compilation and analysis extends from the landbridge of the
Laguna Madre to the southern limit of San Antonio Bay, and includes Baffin Bay,
Corpus Christi Bay proper, the Aransas-Copano system, and Mesquite/Ayres
Bay. We refer to Aransas, Copano and their secondary systems (including
Mesquite) as the upper bays, and to Baffin Bay and the Upper Laguna Madre as
the lower bays. The entire CCBNEP study area is referred to as the Corpus
Christi Bay "system," to differentiate it from Corpus Christi Bay proper, unless it
is clear in context that the CCBNEP study area is intended (such as the first
sentence of this paragraph). The complete data base approaches half a million
independent records of which water:sediment:tissue are in the approximate
ratios 100:10:2, and about 43% of the water-phase data are the "field" parameters
temperature/salinity/pH/dissolved oxygen. Each measurement record includes
the date, sample depth, latitude and longitude of the sample station, measured
variable, estimated uncertainty of measurement expressed as a standard
deviation, and a project code identifying the origin of the data. (For tissue data,
the sample depth field is replaced by a code identifying the organism.)

The extant period of record for Corpus Christi Bay, with adequate continuity for
trends analysis, extends back only to about 1965, except for some traditional
parameters and for certain areas of the bay, for which the record can be extended
back to the 1950's. As salinity and temperature are the most easily measured
variables, they represent the densest and longest data record. For metals and for
complex organics, the period of record may extend back only a decade or so. Many
of these measurements are below detection limits. For sediment, the data base is
even more limited, amounting to one sample per 50 square miles per year, and
extending back in time at most to the 1970's.

Spatial aggregation of the data was accomplished by two separate segmentation
systems for Corpus Christi Bay, the TNRCC Water Quality Segmentation of 27
segments, and a system of 178 hydrographic segments devised by this project and
designed to depict the effects of morphology and hydrography on water properties.



(The 27 TNRCC segments include the original 15 specified by the Scope of Work, to
which we added 5 classified segments and 7 unclassified.) For each segment of
both systems, detailed statistical analyses were performed of 109 water-quality
parameters and 83 sediment-quality parameters, in addition to supplementary, .
screened, or transformed variables. Each statistical analysis included basic
sampling density information, means and standard deviations, with three
different treatments of measurements below detection limits (BDL), and a linear
trend analysis over the period of usable record, with confidence limits on the
glope. Therefore, statistical analyses addressing water/sediment quality were
performed of about 200 parameters in about 200 different segments, a total of about
40,000 independent statistical analyses, since each parameter/segment comprises
an independent data set. For tissue data, an even more extensive suite of analytes
were compiled, but the statistical analyses were confined to a subset of these
analytes because of the sparsity of the data base. In addition to parameter
differentiation, tissue data had to be further separated according to organism,
portion of organism analyzed (i.e., whole versus fileted), and reporting by dry- or
wet-weight, each combination of which represented an independent statistical
analysis.

A summary of the findings on the water and sediment quality "climate" begins
with salinity, which acts as a water mass tracer and general habitat indicator for
Corpus Christi Bay. In contrast to the estuaries on the upper Texas coast, salinity
gradients across Corpus Christi Bay from the sea to the regions of inflow are on
average rather flat. The most substantial gradient of salinity is, rather, from
north to south, from Copano Bay to Baffin Bay, a combined result of diminishing
inflow with distance to the south and increasing evaporation. Mean salinities
often exceed seawater concentrations, sometimes by large amounts, especially in
the lower bays (the Upper Laguna and Baffin Bay). Vertical salinity stratification
of bay waters is slight by estuarine standards, generally averaging less than 0.6
ppt/m. There is no apparent correlation between mean salinities and ship
channels, suggesting that density currents as a mechanism of salinity intrusion
are rarely important in Corpus Christi Bay. While freshwater inflow is the
ultimate control on salinity, inflow proves to be a poor statistical predictor of
individual measurements of salinity, even with long-term averaging of the
antecedent inflow. This illustrates that the variability of salinity is influenced by
factors other than simply the level of inflow.

In the bays more influenced by freshwater inflow, viz. Copano Bay, the main body
of Corpus Christi Bay and Nueces Bay, there has been a general increase in
salinity over the three-decade period of record, on the order of 0.1 ppt per year.
During the same period there has been a declining trend in monthly-mean inflow
to these same bays, over 50% in Corpus Christi and Nueces Bays, less in Copano
(which also logged a smaller increase in salinity). Our favored hypothesis is that
this decline in mean inflow, which appears to be due to diminishing frequency
and magnitude of freshets, is responsible for the increase in salinity. No clear
trends in salinity emerged for the Upper Laguna or Baffin Bay.

The principal variation in water temperature in Corpus Christi Bay is the
seasonal signal, ranging about 14 to 30°C from winter to summer, which means
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